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Graphite mining on private lands was subjected to a Boyalty by the local government as early 
as 1851. The amount was then -fixed at is. per ton of mineral raised, which was increased to 5s. in 
1852, 7s. fid. in 1859, 14s. in 18fi2, Ifis. in 18fi4, and 30«. in 1869. In consequence of the diflSculty 
experienced in collecting tliis Eoyalty, it was abolished in 1873, and was replaced by an export 
duly of 11. per ton, levied by the Custom House on all graphite exported beyond the seas. This 
came into force on the let April, 1874. The quantity and value of graphite exported from Ceylon 
for seven years ending 1877 have been as follow 1871, 125,257 cwt. (62,0951.); 1872, 136,051 
cwt. (43,837?.); 1873, 173,996 cwt. (147,939?.); 1874, 149,938 cwt. (135,016?.); 1875, 110,023 cwt. 
<103,146?.) ; 187^^117,361 cwt. (110,026?.); 1877, 96,792 cwt. (90,743?.). The mineral has also been 
recognized in Burmab, and has been contributed in small quantities from Vizagapatam and Malacca. 
The general Indian product is not sufficiently fine for pencils, but is available for crucibles. 

Little as we know of the African continent, graphite has already been found in many parts of 
it. A very good quality is found to the south of Springvale, in Natal, in gneiss. As the working 
is not very expensive, a ton of pure mineral costing only about 30?., hopes are entertained that it 
will-pay to ship. Traces of graphite are met with at several points in the “ old colony.” A con- 
siderable deposit occurs not far from the mission station of Inyatin, about 20° S. lat. In Bamba 
Hill, Southern Hsambara, Keith Johnston found it disseminated through the mass of the rock, a 
gametiferous gneiss. 

Graphitiferous rocks of the Laurentian system are widely spread throughout Canada and some 
parts of th? United States. The graphite of these rocks usually occurs in beds and seams, varying 
in thickness from a few inches to 2-3 ft. They are often interrupted, giving rise to lenticular 
masses, which sometimes are nearly pure. The deposits generally occur in the limestones, or in 
their immediate vicinity, and granular varieties of this rock often contain large crystalline plates 
of graphite. At other times, the mineral is so finely disseminated through the limestone as to give 
ita bluish-grey colour, and the distribution of the stained bands serves to mark the stratification of 
the rock. The graphite of the Laurentian series is not, however, confined to the limestone. 

Perhaps the most important and extensive of the Canadian deposits is that near the township of 
Buckingham. ' Here the graphite occurs both in beds or veins, and disseminated. The veins are 
fourteen in number, acane 6-10 ft. wide, and 3-14 in. thick, besides- more or less disconnected lenti- 
cular masses, yielding 30-35 per cent, of mineral. The vein graphite is of two varieties : (a) foliated : 
of dense, massive structure ; made up of broad and thick lamin® ; colour, dark steel-grey ; lustre, 
metallic; sp. gr., 2' 2689; carbon, 99 '7, ash, 0-147, volatile matters, 0-178 per cent ; (6) columnar: 
carbon, 98-0, {ish, 1-78, volatile matters, 0- 594 per cent ; sp. gr., 2-2679. Second samples of each 
gave : (o) sp. gr., 2 - 2714 ; volatile matters, 0-109, carbon, 99 - 815, ash, 0 - 076 per cent. ; (b) sp. gr., 
2-2659, volatile matters, 0-108, carbon, 99 757, ash, 0-135 per cent Besides this vein graphite, 
there is a quarry of the disseminated mineral, more than a J mile long, and 70 ft. high, giving 10-60 
per cent., the average being about 25 per cent 

The graphite is here prepared or ‘- dressed” for the market in the following way : — The crude 
ore is stamped fine in water, and then put through huddles, by which the graphite and the rock 
matter associated with it are separated according to their specific gravities. The graphite is sub- 
sequently charged into reverberatory furnaces, and ultimately passed through bolters, whose gauze 
is of various degrees of fineness, acco rding to the size required. According to Hofmann, the Canadian 
graphites equal those from Ceylon in point of incombustibility, and on that score are as well fitted 
for crucible making. On the other hand, all the samples examined contained more or less carbonate 
of lime and oxide of iron, both exceedingly objectionable in graphite intended for refractory 
purposes. By a process of treatment to be discussed further on, it is possible, however,' to remove 
these and other foreign matters, so that “dressed” mineral showing 13-15 per cent, of impurities, 
may contain only 6 - 69 per cent, after treatment 5 - 35 of this amount being silica. In this way, the 
Canadian graphite can be rendered quite fit for crucibles, &c. Its cost price after dressing is about 
3?.-5?. per ton. Workable deposits of graphite also occur in the Dominion, near the townships of 
Burgess, Lochaber, and Grenville- 

There are two important graphite mines in the United States, the principal being the Eureka 
mine, near Sonora, California. The lode from which the mineral is obtained runs about 4000 ft. in 
a N.-E. and S.-W. direction, and ranges from 29 to 40 ft. in width. It is much broken up and 
mixed with the surrounding rock and earth to a depth of about 30 ft., but below this it is 
well defined between walls of sandstone and clay-slate. The lode is frequently divided by 
lenticular masses of clay-slate, from a few inches to several feet in thickness. A shaft sunk on the 
lode to a depth of 65 ft. showed the mineral to be purer and more solid than at the surface. The 
lode continues 25 ft. wide, and much of the mineral is so p||re that a couple of men can extract and 
sack about two tons daily of a quali^ that !an be sent to market without any preparation. 

The apparatus used for separating the graphite from the impurities, when the mine was first 
opened, consisted of a wooden %arrel, perforated with small holes, an iron rod pas.sing through it 
lengthwise. The ends of the rod formed journals, which rested on two upright posts, thie machine 
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being turned by hand, by means of a crank, precisely like a barrel chnm. The dirt to be washed 
being put into the barrel by means of an opening at the side, a small stream of water was led 
through a pipe to the top of the machine. After a few minutes’ turning, all the grapliite, sand, and 
fine grit were washed through the holes ; the stones and lumps remaining in the barrel were thrown 
out at every charge. The water containing the finer materials was caught in a tank, about 5 ft. deep, 
placed immediately under the barrel, the only outlet from the tank being a shallow spout a few indies 
from the top. The graphite in exceedingly fine particles floated off in the water which passed over 
this spout, while nearly all the sand and other materials remained in the tank. The water holding 
the graphite in suspension was then passed through a series of shallow tanks made of board. After 
a “ run ” of several days, the water was let out of the shallow tanks, and the sediment they ^ntained 
was left exposed to the sun for a few hours, when it became blackened ready for the market. That 
obtained from the fast of the tanks was finer than that fiom the first, though all was extremely 
fine. An analysis made of some from the last tank gave 97 "9 per cent, carbon. Nearly 200 tons 
were prepared in this way, and sold readily in New York, Philadelphia, &o., at 20?. per ton. 

As operations increased, improvements were made. Iron cylinders worked by water-power were 
substituted for the barrel, the water and sediment leaving them being conveyed by pipes to a large 
tank made of planks and stout framing, and" capable of holding 1000 tons. When this tank w'as filled 
(in about three days), its contents were allowed to settle for 24 hours, after which the dirty water 
was let off from the surface, and a powerful stream of clean water was let on, which forced the 
sediment through spouts into 18 shallow tanks, each 20 ft. wide, 25 ft. long, and 1 ft. deep. After 
remaining in these tanks about 3 days, the water was let off, and the sediment was ex|)osed to the 
sun. In 24 hours it becomes hard enough to be taken out in blocks, which, after lying for another 
24 hours on plank platforms, are ready for market. About 25-30 tons per week were treated by 
this method ; but the demand stiU growing, arrangements had to be made for turning out 20-25 
tons per day. 

These consist of a sort of arrastra, or puddling-machine, to replace the cylinders, comprised in a 
circular bed 20 ft. in diameter, with water-tight sides 3 ft. high, in (he centre of which is an upright 
post with 4 arms, to which ar6 attached stirrers instead of grinders, as in an arrastra, it being desirable 
not to grind the mineral, only to separate the particles. It is driven by a water-wheel, and 15 
Chinamen are employed to feed in the mineral. A small stream of water passing constantly through 
it carries all the lighter particles away. The rocks and sand are let out by a sluice-gate every 3-4 
hours. The water carrying the graphite is conveyed by a flume to an enormous tank built in the 
ground, measuring 200 ft. long, 150 ft. wide, and 7 ft. deep, and capable of holding 30 days’ collec- 
tion. This was very expensive to construct, its entire inner surface being coated with a specially 
prepared cement, sxifllcieutly smootli to prevent the graphite adhering, and so porous as to preclude 
its retaining moisture after the water had been let off. Wheu the tank contains 3-4 in. of sediment, it 
is considered full, and, after standing for a few days, the water is run out, and the sediment is exposed 
to the sun. lu two days, with fine warm weather, it is sufficiently dry to be taken out and laid on 
the drying-platforms, and in 24 hours is ready for market. 

The cost per ton of the pure graphite needing no preparation, employing Chinese labour at 8 dol. 
a week, without board, is thus stated: — Extraction, 4s. 2c/.; sacks, 8s. 4c?. ; land carriage to Stockton, 
65 miles, 1?. I7s. 6d. ; rail to San Francisco, 6s. 3<?. ; ship to Liverpool, 2/. 18s. 4c?. ; commissions, 
insurances, &c., 2?. 12s. Ic?. ; total, 8?. 6s. Sd. Its market value in Liverpool is about 20?. per ton. 
The output is about 500 tons per annum, nearly all of which is exported to Europe. 

The second considerable American deposit is worked on the eastern slope of the “ Black-lead 
Mountain ” of the old maps of Essex County, New York State. The mountain lies just behind the 
village of Ticonderoga. The ore is mainly of the foliated variety, interspersed in veins among 
gneiss and quartz, with a dip of about 45°. Two analyses yielded 96 '656 and 97 '422 per cent, of 
carbon respectively. Some of the veins are much richer than others ; one has been worked to a 
depth of about 350 ft., and found to be of varying thickness and with occasional pockets. After 
leaving the mine, the mineral is first crushed in an ordinary stamp battery to a fine powder, and the 
constituents are separated by Cornish buddies and settling-tanks. The graphite is then washed, 
dried in an oven, and bolted like flour, after which it is ground in water in a Bogardus mill, and 
again bolted. The grade thus produced is called “ crucible stock ” ; for finer grades, additional 
processes are necessary. The miners are paid at tlie rate of about 25?. per ton of prepared graphite. 
The five grades of manufactured graphite are estimated to be worth about 2J(?. per lb. for stove 
polish ; l^d. for powder polish ; 25. Id. for pencils ; and 4s. 2d. for stereotype powder. 

Another important mine is reported at Whitehall, in the same State. 

Australia possesses valuable graphit£ deposits, nearfMoreton Bay ; at Ballarat, a very pure vein 
has been discovered, 5 in. thick at the top of the drive to 18 in. fhick at the bottom. In New Zealand, 
impture graphite occurs in the Carrick Eange, Otago, in considerable quantities, sometimes 13 ft. 
thick. A seam of graphite runs along the eastern shore of Fairfax Harbour, New Guinea. 

Eammelsberg gives the following comparative tables of some graphites : — 


GEAPHITE. 


1091 


a. Loss by ignition. — ^Ticonderoga (New YorkX 3‘85 per cent.; Ceylon, 2‘56: Borrowdale, 
3‘80-5'08; Upper Jenisei (Siberia), 2 ‘53 ; Tunguaka(Sidorow), 

5. Earthy matters. — Ceylon, 1-28 per cent.; Borrowdale, 7 '00; Upper Jenisei, 4’50j Tun- 
guska, 6 '53. 

c. Combustibility in contact with fused saltpetre : completely combustible — Ceylon, sp. gr. 
2 •257; Borrowdale, 2-286; Upper Jenisei, 2-275; Upemavik, 2-298; Arendal, 2-321. Incom- 
pletely combustible — Ticonderoga, sp. gr. 2-17; Ceylon, 2-246; artificial carbon, 2-30. 

The application of graphite to the manufacture of pencils (see Pencils), and of stove polish (sea 
Blacklead), are sufficiently familiar, but it is used for other equally important purposes. It is now 
much employed as a lubricator for the steam cylinders of engines ; about 120-180 grains of the fine, 
dry, pulverized mineral being introduced twice a day through the usual tallow box. It is found to 
be much superior to oil or grease. Enormous quantities are consumed in erucible making, and 
another wide application of the substance has been created by the electrotype process, it being used 
to coat the surfaces of wood, plaster of Paris, guttapercha and other non-conducting materials, so as 
to make them conductors. 

Very erroneous impressions are still generally entertained concerning the commercial value of 
graphite, so much so that it is a common thing for the discoverer of a new deposit to believe himself 
possessed of an immensely valuable property, whereas the mineral may be all but worthless. The 
reasons for this may be sought in the high price of the renowned Borrowdale graphite, and the common 
error of supposing all graphites to be alike. As a matter of fact they difler most essentially, not 
only in chemical composition — for crude native graphite is not purely carbon— but also in physical 
constitution, necessitating the greatest care in purchasing the raw material, that it may be of a 
character in accordance with its proposed application. 

The value of graphite depends largely upon the amount of carbon it contains, which is best 
ascertained in the following way. The pulverized graphite is dried at about 182° (360° F.), then 
placed in a test-tube 4-5 in. long and J in. wide, of hard glass. To this is added about 20 times as 
much well dried oxide of lea<i, and the whole is well mixed. The tube and its contents are carefully 
weighed, and then heated by the blowpipe flame till the mixture is completely fused and no longer 
evolve's any gases. After this operation, lasting about 10 minutes, the tube is allowed to cool, and 
the weight is again ascertained. The loss in weight is carbonic acid, the oxygen of which has been 
taken from the lead oxide, while the carbon is all that there was in the graphite. For every 20 parts 
of loss there must have been 12 of carbon. In general it is sufficient to take 1 to 2 grammes of 
graphite, and 20 to 40 of oxide of lead. Touching other chemical peculiarities, it will be useful to 
observe that argillaceous matters, though they reduce the value of the mineral, are not prejudicial ; 
but the presence of carbonate of lime, or oxide of iron, is very objectionable in graphite intended 
for refractory applications. Presently it will be seen how far chemical treatment can be made to 
overcome these drawbacks ; but first of the physical differences. , 

On freeing graphite from its ash constituents, by means of grinding it very fine, and subjecting it 
to treatment with alkali at the point of fusion, aqua regia, and hydrofluoric acid, the so-called 
graphitic acids are produced. Graphitic acid thus obtained from amorphous graphite is a fine 
yellow, amorphous powder, which, when decomposed by heat, yields a black mass of great colouring 
and covering powers, exceeding those of the finest lamp-black. The same acid prepared in the same 
way from foliaceous graphite appears under the microscope to consist of foliaceous crystals, whose 
residue does not colour and has no covering property. The division of graphite into amorphous and 
foliaceous varieties is, therefore, of the greatest practical impoitance. When a lubricating or 
covering body is required, as in antifriction compounds, blackleading, electrotyping, &c., amorphous 
graphite must be chosen ; but for metallurgical and refractory purposes, the foliaceous variety is 
preferable. Granular or amorphous graphite, which is often the purest, is of little use for crucibles ; 
but, with suitable manipulation, produces the finest grades for electrotyping and fine pencils. 

Among the graphites now in the market, it may be said that the supply for refractory purposes, 
blacklead, and antifriction, comes in a great measure from Bavaria and other parts of Germany, 
and from Ceylon. The graphite of Fassau (Bavaria), so extensively used in apparatus subjected to 
great heat, contains only 35-42 per cent, of pure graphite, the residue being argillaceous. The 
Ktter varieties for pencil-making are also principally of Bavarian and Bohemian production, and 
form the best substitutes for the renowned Cumberland mineral, which owes its value rather to the 
peculiar state of aggregation of its particles than to chemical purity, as it is much less pure than 
some of the Ceylon graphite which does not approach it in price. The value of the comparatively 
pure crystalline graphite of Ceylon and America, containing very small proportions of earthy 
matters, is placed at about 201. per ton. Tl^ former is too*ftagile for pencils. That found in the 
neighbourhood of Eonda in Grenada,'%nd near Malaga in Spain, is hard and difficult to grind. 

It now remains to describe ^le process above alluded to by which impure and waste graphites 
may be rendered available for many uses. The graphite is first reduced to very fine powder, then 
compacted by moderate pressure, and enclosed in thin paper glued all over and pierced in one place 
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by a small hole, to pennit the escape of air when placed under an exhansted receiver. In this way, 
the air is removed ; and the orifice is closed. Within 24 hours, it is subjected to pressure again, and 
the block formed is capable of treatment as a natural solid body. 

In order to remove the impurities from inferior graphites, the finely pulverized mineral is mixed 
with a proportion of nitric acid or an alkaline nitrate, chlorate, chromate, or bichromate, preferably 
chlorate of potash, in weight about ^ to of the quantity of mineral. To this is applied sulphuric 
acid, sp. gr. 1 • 8, in quantity about equal to twice the weight of mineral, and the whole is thoroughly 
blended. The mixture, prepared in an iron vessel, is heated to a moderate degree, by which 
chlorous gas is copiously evolved. As soon as these fumes subside, the vessel is allowed to cool, and 
the oxidized and sulphated mass is thrown into water and washed by decantation. It is then dried, 
and heated to redness in a furnace, which causes it to swell up and disintegrate. The resulting 
powder has only to be agitated in water in order to separate the graphite, which is porous, and fioats 
on the surface, from the silica, peroxide of iron, and other impurities, which, being heavier, sink to 
the bottom. The graphite thus prepared is absolutely pure. 

The product obtained from amorphous graphite is not so fine as that from lamellar or foliated, and 
<^not be levigated with the same facility. To complete its purification, a little fluoride of sodium 
is added to the mixture in the iron vessel, as soon as the chlorous fumes cease to be evolved. The 
hydrofluoric acid, set free by the combination of the sodium with the sulphuric acid, immediately 
attacks the silica present, and carries off this impurity as gaseous fluoride of silica. 

Ceylon graphite is very difScult to purify. After twice treating as above, there remained 0'42 
per cent, of an incombustible residue, which was reduced by a third operation to 0 ■ 12 per cent. 
Bohemian and Styrian graphites purified in this way yielded mere imponderable traces of white 
incombustible matter. 

For making crucibles, the first process which the graphite undergoes is that of grinding in 
“ cannon-ball ” mills, shown in plan and section in Fig. 804 : a is a heavy iron saucer-shaped 
receptacle, having an aperture in the centre, across which are arms, connecting it with the central 
shaft 6. This shaft is rotated by pulleys. 

In these recesses, and resting on the 
saucer below, are foffr 32-lb. cannon- 
balls; and, attached to the middle of 
the disc, is a sleeve d, enclosing shaft 
b, and carrying a pulley, by which it is 
rotated in a direction relatively opposite 
to that of shaft b. A casing surrounds 
the mill, through which the graphite 
enters, emerging below through the 
funnel e, whence it is taken away by 
an elevator. When the graphite enters, 
the centrifugal force generated by the 
swiftly rotating parts throws it out- 
ward, so that it may be at once acted 
upon by the balls. Wear by the latter 
on the disc is prevented by steel pins /. 

It will be obvious that, under this condition, the heavier particles of the material will approach 
nearest the circumference, while the finer ones will arrange themselves in the order of their weights 
toward the centre. Consequently the finest ground graphite will always be that which is escaping 
from the mill, while the grinding parts constantly act on the coarser portion. In this way, the 
grinding operation is greatly facilitated, and, at the same time, the graphite is reduced to a degree of 
fineness unattainable in ordinary forms of mill. 

The grapliite thus prepared is mixed with a small proportion of China-clay, varying according 
to the use for which the crucible is intended. To every 10 parts of graphite, is also added 7 parts of 
a grey clay which is imported from Klingenberg, in Bavaria, besides a little ground charcoal. These 
ingredients are mixed dry ; water is afterwards added, and the compound passes to a cast-iron 
cylinder, capable of holding about 3 tons. Here thorough stirring is done by means of arms arranged 
radially on a central vertical rotating shaft. Each arm, besides having four vertical bevelled blades, 
is made flat above and bevelled below, so that the mass undergoes a kneading, which secures its 
rapid and homogeneous mixture. The material emerges in the form of thick mud, and is at once 
moulded either by hand or machinery, the operation being performed in almost exactly the same 
way as by potters. The same may be apid of the subsequent baking. The above description applies 
more especially to the Dixon (American) crucibles. 'I'he Plumbago Crucible Co., of Battersea, mix 
Stourbridge clay with their graphite ; their crucibles show, on analysis, 52 '6 per cent, of carbon, 
45 '4 of earthy matter, and 2 '08 of water. * 

Th# imports of graphite into this coimtry, in 1873, were, from Germany, 2009 tons, value 28,064/. 


Above the saucer, is a disc c, in which are four recesses. 
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(about 14s. Sd. per cwt.) ; Holland, 662 tona, value 11,390/. (about 17s. 25 c?. per owt.) ; Ceylon, 2500 
tone, value 45,221/. (about 18s. Id. per cwt.) ; other countries, 297 tons, value 7043/. (about 23s. Sjd. 
per cwt.). 

(See Blacklead ; Carbon ; Gems— Diamond ; Pencils.) 

HATTt (Fb., Cl ■in, Bourre, Foil, Cheveux ; Geb., Hoar). 

Hair, a projection from the surface of the skin of many animals, consists of multitudes of slender, 
elastic, flexible, elongated cylinders, formed of fibrous, homy substance, and containing numerous 
cells, which, in coloured hair, secrete granules of pigment. The composition of hair may be stated 
approximately as: — Carbon, 50 '65 per cent.; nitrogen, 17'71 ; hydrogen, 7 '03; oxygen and 
sulphur, 24 • 61. The presence of sulphur is a notable fact, as it has an important eflect on the 
action of dyes, and forms a ready means of distinguishing between animal and vegetable fibres 
(see p. 911). Hair, like feathers, hoofs, nails, and other modifications of the tegumentary .system, 
when submitted to dry distillation, gives ofi" products highly charged with carbonate of ammonia. 
The same remarks apply to wool as to hair. The chief distinction between these two products, if 
there be any save in name, lies in the fact that hair is generally straight, white wool is more or less 
curly and serrated. The scope of this article wilt embrace the hair afforded by all animals save 
the sheep, whose fleece will be described under Wool ; while those hairs which have commercial 
value and use in their natural condition, attached to the animal’s skin, are dealt with in the 
article on Fur. In the manufacture of leather, great quantities of hair have to be removed from 
the skins (see Leather). 

The trade in hair is of no inconsiderable magnitude. Omitting the enumerated varieties, 
statistics of which will be given under their respective heads — alpaca, cow, goat, horse, and pig — 
our imports of unclassified hair in 1879 were of the following value: — From Russia, 45,134/.; 
China, 42,260/. ; United States, 33,687/.; Belgium, 12,243/.; Germany, 11,703/.; Prance, 11,313/. ; 
other coimtries, 9133/. ; total, 165,473/. The exports of hair from Denmark in 1878 were 
170,892 lb., value 216,327 hrmer (of Is. l\d.) ; in 1879, 159,767 lb., 628,710 h-mier. -The exports of 
cow-, horse-, and pig-hair from Hamburg to Great Britain were 18,232 cwt. in 1876, 29,435 cwt. in 
1877, and 28,656 cwt. in 1878. The exports of hair from Austro-Hungary in 1877 were 2344 
metrical centners (of llOJ lb.), value 460,808 florins (of Is. ll^d.). Riga, in 1877, exported 
43,740 poods (of 36 lb.), value 262,440 roubles (of 3s. 2d.). The exports of all kinds of hair from 
Canton were, in 1877, 665 piculs (of 133^ lb.) ; in 1878, 1076 piculs. The exports from Ceara 
(Brazil) in 1878 were 6827 kilo, to England, 460 kilo, to Havre, and 311 kilo, to Hamburg ; and 
from Bio Grande do Sul, in the same year, 486,469 kilo. 

The length, strength, and elasticity of hair render it useful for many purposes, varying 
according to its nature and origin. These will be alluded to under the head of each kind. The 
chief varieties of hair will now be separately considered. 

Alpaca. — The name “alpaca” is somewhat indiscriminately applied to several allied hair- 
bearing animals, to the hair they afibrd, and to the goods manufactured from that hair. The genus 
includes four species— the alpaca or paco {Auchenia pace), the vicuna (A. vicunna), the llama 
(A. lama), and the huanaco or guanaco (A. huanaco). 

The most important of these from our point of view is the alpaca. This animal, in size some- 
what exceeding a large goat, ranges in its native condition from the centre of Peru into Bolivia, or 
between 10° and 20° S. lat. At and above an altitude of 8000-9000 ft., in the table-lands and 
mountain-ranges of the Andes, it lives in herds in a half-domesticated state, almost every peasant 
owning a dozen or so head. The animals feed principally on the ichu, a coarse, tall grass, 
frequenting the wild desolate spots below the snow-line, but have often to content themselves with 
mosses and lichens. They are driven in only at the shearing season. Their economic value lies 
primarily in their hair, and secondarily in their flesh, which latter resembles mutton, and is 3-4 
times more abundant than that of the sheep. This species is not employed as a beast of burden. 
The fleece is superior to that of the sheep, both in length and softness. It averages a length of 
7-9 in., and sometimes greatly exceeds these figures. It is very lustrous and fine, and is coloured 
mostly white, black, or grey, brown or fawn shades being rare. Each filament is straight, well- 
formed, and free from crispness, and the quality is uniform throughout, the fibre acquiring strength 
without coarseness. It dyes with facility, and takes the colours well. Its softness and elasticity 
are conspicuous, it spins into an even, strong thread, and textiles made from it have almost a sUky 
lustre (see Woollen Manufactures — Worsted). The weight of the fleece reaches 10-12 lb., while 
17 lb. is not an unknown figure. y 

The utility and value of the animal, which fSst aroused attention in 1836, led to many attempts 
to naturalize it in various parts of the globe. For some years, repeated efibrts were made to raise 
flocks in this country, but they met with the ill-success that might have been expected from so 
great a change in the natural conditions surrounding the animals. That better results vjpuld 
attend a similar essay in the Highlands of Scotland seems probable. In the Pyrenees, a small herd 
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did at one time exist, and there seems to be no good reason why the animals should not thriTe 
there, and in other European mountain-chains, as the Alps, Otrpathians, &c. In 1859, an attempt 
was made, on an extensive and costly scale, to introduce alpacas and llamas into New South 
Wales. For a time, all promised well, and the animals throve and multiplied ; but by 1863, nearly 
all the old animals were dead, and the progeny, numbering some 350, several of which were hybrids 
between the alpaca and the llama, sickened and lirooped, and in a short time numbered less than 200. 
Severt^l of the survivors were purchased by other Australian colonies, and by New Zealand, but 
no care seems to have been able to compensate for the change from their mountain climate, and 
the experiment has ended in total failure. It has been proposed to repeat it in Natal, but the 
prospect there is not much more encouraging. . 

The vicuna is a much rarer and more valuable animal. Its geographical range in point of 
latitude exceeds that of the alpaca, as it extends throughout Peru and into Bolivia and Ecuador ; 
but' it seldom descends lower than 13,000 ft, and it is very wild, and sparsely distributed, in the 
district which it inhabits. It is somewhat smaller than the alpaca, and the weight of its annual 
fleece is but little over 1 lb. ; on the other hand, the hair is exceedingly fine and delicate, varying 
in tint from a pale reddish-brown to a dirty-white, and usually brings double the price of alpaca 
for fine felting purposes. 

The llama is larger than the alpaca, and is useful chiefly as a heast of burden and for its flesh. 
It inhabits only the loftier mountains of N. Peru. It affords a valuable fleece, which is, how'ever, 
never shorn, and is almost entirely consumed locally, to the extent of 5-6 million lb., for sacking, 
cordage, carpets, and other coarse fabrics. 

The guanaco attains almost to the size of ont red deer, and is found from the equator to Tierra 
del Fuego, herds of 500 being met with in Patagonia. Its hair is dark-brown in colour, and 
shorter and coarser than that of any of the other species. It is worked up by the natives into 
blankets and ponchos, and rarely comes into this market 

Though the hairs afforded by these several animals are separately packed and marketed, the 
Board of Trade Returns do not distinguish them, but class them together, under Wool. In the first 
4 years of the trade, our imports of all kinds were over 500,000 lb. annually, and the value was 
lOd. alb.; in 1852, we impor.ted 2,186,480 lb., value 2s. 6i. a lb. ; in 1864, 2,664,027 lb. ; in 1872, 
3,878,739 lb., value 2s. 6d.-2s. lOd. In 1879, our imports were From Peru, 3.671,660 lb., value 
230,284f.; Chili, 633,096 lb., 49,982/.; other countries, 21,027 lb., 1045/. ; total, 4,325,783 lb, 
281,311/. The exports from Molleudo (Peru) iu 1878 were Alpaca, 1st class, 25,826 quintals 
(of lOlJ lb.), 2nd class, 9691 quintals; vicuna, 216 quintals. In 1879, they were 29,416, 4631, and 
203 quintals respectively. 

Bison (Rison americanus). — The American bison, generally and erroneonsly called “ buffalo,” 
inhabits the prairies of America, from the eastern slopes of the Rocky Mountains to the Appalachian 
chain, and from 63° N. lat. to New Mexico. The hair afforded by the animal is spun and woven 
into gloves, stockings, gaiters, and largely into cloth for making overcoats. It is very strong and 
durable, and the fabrics have as good an appearance as those of sheep’s wool. It is probable that 
much of the hair which figures in the Returns as elk’s is really derived from the bison. The pelts 
of the animal, termed “ buffalo-robes,” measure 8 ft. x 12 ft., and are of dun-brown colour. The 
best come from the Saskatchewan. Prime ones are used as sleigh-robes, &c. ; inferior are converted 
into mocassins, and form an excellent buff leather (see Skins). The value varies from 12s. to 40s., 
and the nnmber marketed yearly is about 100,000. 

Camel. — The camel is of two species. The Arabian, “ single-humped,” or “ dromedary ” 
{Camelus dromedarius), is found in Arabia, India, N. Africa, and Asia Minor ; the Baotrian, “ two- 
humped,” or common “ camel ” (C. tmctrianus), is larger, more robust, and rarer, and occurs through- 
out the regions eastward and northward of the habitat of the former species, i. e. from the Black 
Sea to China and Lake Baikal Both species occur in Central Asia. The under side of the 
neck, the upper part of the legs, and the humps, of these animals are covered with an abundance of 
woolly hair, exceeding sheep’s wool in length, and varying in colour and quality, according to the 
species, and the climate under which it lives. The hair of the Arabian camel is thin, whitish, and 
fine ; while that of the Bactrian is thicker, coarser, and darker coloured, and, in Tartary, is divided 
into three' classes, according to its shade, black being the most highly prized, red next, and grey 
only half as valuable as red. The hair varies in quality from a fineness equal to that of silk, to 
a considerable degree of coarseness ; in quantity, it commonly amounts to 10 lb. annually. In the 
spring, the animals cast this hair, which is called koork, or “ down,” and is little inferior in fineness 
to that afforded by some breeds ofjshawl goats, while it possesses the advantage of being much 
longer, and more easily separated. In the youn^ animaj^, it is fine and smooth ; but with age, it 
becomes curly and crisp. The animals are shorn every spring after the second year, and the hair is 
cleaned and assorted for home use, or exported in the raw stsite. The Arabs, and other Eastern 
natibns, spin it and weave it into a kind of semi-waterproof cloth for wrapping merchandise, and 
into tent-coverings, shawls, and carpets. In Persia, very fine stockings are made from it, the white 
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being most valued ; and both in Persia and Tartary, a most durable, warm, soft and light cloth is 
made, patterns being produced by selecting the naturally coloured hair. Some 25 years since, the 
hair was already finding its way into European commerce. It was shipped from Smyrna, Con- 
stantinople, and Alexandria, and used chiefly by the French for making superior hats, and the 
longer hairs for making artists’ pencils. In 1861, however, we received 322,000 lb. For a time, 
Bussia almost monopolized the trade, quantities of the hair being shipped from Bussian ports 
chiefly to London and Liverpool. The exports from Bevel to Great Britain in 1878 were 6894 poods 
(of 36 lb.), and in 1879, 6793 poods. Much of this was re-shipped, especially to America. As the 
supplies increased, the coarser qualities began to be converted into carpets, and the better staples 
to be combined with wool for making winter garments. Wlien the Chinese port of Tien-tsin was 
opened to foreign trade, camels’ hair soon developed itself into a commercial specialty. The 
authorities levied an export duty of 5 per cent, ad valorem. The actual prices paid in 1877 ranged 
from 2 taels (of 6s.) a picul (of 133i lb.) for the coarsest and dirtiest, to 16 taels for “ finest re- 
cleaned,” and 6 taels 5 m. was the value fixed as a basis for the tax. But in 1878, when the local 
prices ranged from 2 to 14 taels, the authorities increased the taxation standard to 10 taels, a step 
which cannot fail to cheek the growth of what promised to be a most lucrative trade for one of the 
poorest and most barren portions of N. China. The shipments from Tien-tsin (in piculs of 133i lb.) 
have been:— in 1874, 3129J ; 1875, 40701; 1876, 9824; 1877, 13,384i. Shanghae, in 1878, 
exported a total of 11,788 piculs. 

Cattle. — Cow- and ox-bair is afforded generally by the same countries as horse-hair, and the 
quantities produced in this kingdom are supplemented by large importations from abroad. Here 
it is principally used by plasterers, to increase the eohesiveness of their mortar, and in the manu- 
facture of felt for roofing, sheathing, and packing purposes. Smaller quantities are employed in 
admixture with horse-hair for stuffing, and for making coarse friezes, blankets, rugs,' and horse- 
cloths. In Germany, it is applied in carpet manufacture ; and in Norway, the peasants convert it 
into hosiery. Much cattle-hair is obtained from the tanneries, where it is sold in the wet state at 
about 2s. 6d. a bush. Our imports (including the hair of the cow, ox, bull, and elk) in 1879 were as 
follows From France, 18,288 cwt , 16,742i. ; Holland, 13,784 cwt, 10,9681. ; Bussia, 5772 cwt., 
10,7962. ; Germany, 5247 cwt., 53502. ; other countries, 8336 cwt., 11,3432. ; total, 51,427 cwt., 55,1992. 
Biga, in 1878, exported 37,675 poods (of 36 lb.) of cow- and horse-hair, the former being valued at 
8i roubles (of 2s. 8d.) a potjd. Santos (Brazil), in 1879, shipped 150 kilo, of ox-hair, value 82., to 
Europe. The values in this market are about 13-14(2. a lb. for cow-hair off the skin, and 11-12(2. 
on the skin. White hair is much dearer than coloured. Plasterers’ hair is worth about 5-82. a ton ; 
washed, 10-112. Deer-hair is valued for staffing saddles. 

Goat (_Capra hircus). — Two varieties of tlie domestic goat are valuable as hair producers— the 
Angora or Mohair, and the Cashmere. The mistake is commonly made of supposing them to be 
identical ; but though they are only varieties of the same species (which includes at least four 
other varieties), their differences are such as to entitle them to separate consideration. Collectively, 
the goat ranks second only to the sheep as a source of hair or wool, and its fleece is the most 
important of tliose discussed in the present article. 

Angoba ob Mohaib Goat. — This useful animal is a native of the mountains and central plateaux 
of Asia Minor. The characteristics of the district where it attains greatest perfection are extreme 
dryness of climate, an elevation averaging 2500 ft. above the sea, and an abundant growth of oak 
(either trees or scrub), on the leavaft of wliich, green in summer, dried in winter, the animals feed, 
maintaining themselves in good condition where grass-eating creatures would starve. The mdhair- 
producing district is comprised within the following four towns : — Kastambo), near the Black Sea, 
in tlie north ; Sivas, in the east ; Konieh, in tlie south ; and Eskishehr, in the west. More than 
twenty distinct and recognizable varieties of mohair are here grown, the differences arising from 
local peculiarities. The chief localities are as follows; — (1) Kastambol; its proximity to the 
moisture-laden winds of the Black Sea is prejudicial to the quality of the hair ; the fleece, though 
lustrous, is hard and coarse ; hence the error of selecting from this point animals for naturalization 
at the Cape, an eiror induced by the facilities for shipment. Passing southwards, the large pro- 
vince of Angora is divided into five separate districts — (2) Yabanova : yields a heavy lustrous 
fleece ; (3) Tchorba : produces a mohair so soft and fine that it falls to pieces as soon as it is shorn; 

(4) Tchibiikova ; its staple is remarkable for length and fineness ; (5) Ayash : affords a white but 
lustreless variety ; (6) Jeevar : the hair is bright and showy, but full of “ stick,” or kempy hair. 
The district of (7) Beybazar is remarkable for the hardiness and large size of its rams, some of 
which have been recently exported with good results. North-eastward lie (8) Tcherkes and (9) 
Geredeh : the animal has only of later years been introduce^ here, yet it has developed distinct traits 
from the differences of climate ; the^ams afe very fine, and their fleece is so surcharged with grease 
as to appear almost black, but when scoured, it is second to none in quality. No animal has yet 
been exported from these two Sistricts. Towards the east, are (10) Sivriliissar and (11) Eskishehr; 
here most of the goats perished by drought and famine in 1874-5, necessitating the introi^uction of 



&6Bh stock. Dne south is (12) Konieh : the fleeces produced here assume the brick-red colour of 
the soil, and are of reduced value, though useful for special piOTOses ; they are commonly known 
as “ pelotons.” This completes the tale of the chief districts TOhin the quadrilateral before men- 
tioned ; but far to the eastward, on the Armenian and Mesopotamian frontiers, lies the province of 
Van, which has hitherto contributed large quantities of very inferior mohair, but having been 
devastated by the Kussian invasion, will possess little importance in the immediate future. In 
Asia Minor, these goats are tended in flocks, varying from 200 to 5000 head, generally in company 
with sheep ; this plan is found advantageous to the pastures, as the goats are more enterprising 
than the sheep, and, by breaking up the flock, prevent the latter cropping the herbage too closely. 
Turkish folds are of the most primitive kind, generally consisting of a sheltered spot enclosed by a 
low wall ; they are little used except during heavy and continuous rain. When snow lies on the 
ground, as it does for two or three months, the surface is strewn with chopped straw or dried 
leaves for the animals to feed on. One goatherd, with a wolf-dog, can look after a thousand head, 
except in early spring, when the kids are born. The kids are singularly helpless during the first 
week of their lives, and the ewes show little maternal instinct ; kids bom in cold, wintry weather 
require shelter and indoor nourishment after nightfall. A running stream or good well is indis- 
pensable to a goat-run, as the animals drink frequently ; an equally important precaution is to 
form a salt-lick, by placing lumps of rock-salt near the watering-place. No ordinary fence suffices 
to restrain them, and they are very great enemies to neighbouring cultivation. 

The breeding of the mohair goat, and its cross-breeding with the common goat, has an important 
bearing upon future supplies of the hair. The best mode of commencing a flock is to secure a small 
but perfect selection of thorough-bred rams, to cross with the common ewe-goat. The rams of the 
second, third, and fourth districts mentioned above are undoubtedly thorough-bred, and, though 
smaller in size than some other varieties, possess all the points that a stock-breeder desires'. In 
5-6 years, a pure flock may be raised, limited only by the numbers commenced with. Of course 
the breed will not be absolutely pure, but practically every trace of under-breeding may be 
eliminated, and the mohair will be as fine and as long, though scarcely so abundant, as in the pure 
animal, while the silky lustre is increased. On the other hand, a constant infusion of piu-e blood is 
necessary to prevent deterioration. This is best accomplished by maintaining two distinct flocks : 
(1) a sn^l flock consisting of 10 pure Angora rams, and 90 of the best of the ewes obtained from 
the oi'oss, to be used as a feeder for (2) 100-200 of the cross-bred rams with as many common ewes 
as are procurable. 

From 1866 to 1873, with a succession of fine seasons, the Asia Minor clip rose steadily from a 
total of about 30,000 bags (of 1 J cwt.) to nearly 50,000. In the summer of 1873, however, great 
drought reduced the animals to a miserable condition, and their starving state rendering them 
unable to resist the very severe winter that followed, nearly one-third perished, thus lowering the 
clip in the succeeding year to a little over 33,000 bags ; of this, 25,000 were Angora qualities, 7000 
Vans (which district did not suffer like the others), and 1300 pelotons. The goat-farmers, chiefly 
Turks, are for the most part both poor and improvident. They might have saved many of their 
flocks by timely provision, or removal to districts unaffected by the drought and severe winter ; but 
the effects of this disaster, contrary to expectation, were not long felt, for the high prices obtained 
since 1874 led to extraordinary efforts to increase the number of goats. In 1876, the clip had again 
risen to about 38,000 bags of all sorts, brought about by extra care of the young, favourable seasons, 
and judicious crossing with the common goat. In 1877, the total clip was about 42,000 bags. In 
1878, it was about 48,000 bags, composed as follows : — Angora qualities, primes, 35,000 ; inferiors, 
3500; Van, 8000; Konieh, or pelotons, 1500. The mildness of the following winter gave promise 
of a still further increase to 52,000 bags. 

The fleeces (jtiftik) are clipped in April-May, according to the season, and yield an average of 
lJ-2 j lb. of hair each. The best fleeces are exported by the Yuruks, who take great care to keep 
them dean. Van mohair contains on an average 70 per cent, of white hair, which, however, has a 
slight mixture of black running through it, and 30 per cent, of red and black, the whole much 
coarser in quality than the Angora sorts. Pelotons consist of 80 per cent, black and red, and 
20 per cent, white, all of inferior quality, but containing a small percentage of hair finer than any- 
thing to be found in the Angora sorts. The finest hair of all comes from the first clip of the kid 
at its second year ; one-year-old kids are seldom clipped. The second finest is from the she-goat, 
the next from the wether, the coarsest of all from the entire male. Inferior qualities come from 
crossing with the common goat, but the second cross brought to the pure male throws pure mohair. 
Woody and mountainous districts, with fir and oak, produce the best. Animals fed in the plains 
yield a quality with more kemps, and frdthy, light, cott^y fleeces. The male and female hair is very 
commonly united for the market, with the occasional exceptitn of two-year-old she-goats’ fleeces, 
which are kept with the picked hair of other white goats (perhaps 5 lb. being selected from 
1000 lb.) for the most delicate native manufactures. The fleeces of surplus he-goats and barren 
females, ‘liilled at the beginning of winter, are 5-6 in. long. The skins are sold to curriers, who 
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remove the hair by a preparation of lime, and employ the skins for slippers (see Skins). The . hair 
* thus obtained is harsher than that shorn from the living animal in spring, and is more or less 
damaged by the lime treatment ; it is sold at a lower price as deri or “ dead ” hair. Some few skins 
are cured with the hair on ; these bring 20s. each in Angora, and about 30s. in Constantinople, and 
are used in Europe as mgs and saddle-cloths. Formerly, and for a long time, we imported the hair 
only in a spun state (as “yarn”); but our textile manufacturers at length acquired the art of 
spinning it, and we now receive the raw hair alone. 

The Angora goat is somewhat smaller than the common goat. The principal feature of all 
varieties of the breed is the length and abundance of its hair, covering the body and a great portion 
of the legs with closely-gathered ringlets, reaching near to the ground. The coat is composed of 
two kinds of hair : a short, coarse under-down, lying close to the skin ; and a long curly overhair. 
Both are manufactured, hut the latter is by far the more important in point of quantity and value- 
They are marketed together, and separated by the spinner (see Woollen Manufactures — ^Worsted). 
The value of the article depends upon its length, fineness, softness, brilliancy, elasticity, and 
durability. These qualities enable it to take the place of silk in the manufacture of velvets and 
laces, and to form the pile of imitation furs, besides being used for more general &hrics. 

The export of Turkish mohair takes place chiefly from Smyrna, but Trebizonde also ships large 
quantities. The latter port in 1877 despatched 694 bales (of 1| cwt.), value 83282. to Great Britain ; 
in 1878, 440 bales, value 44002. ; and in 1879,795 bales, value 79502. Aleppo also, in 1878, exported 
292 tons, value 46,7202., to Turkey; 82 tons, value 13,1202., to Great Britain; and 2 tons, value 3202., 
to France. Alexandretta, in 1879, exported 112 tons, value 17,9202., to Turkey ; 71 tons, 11,3602., 
to England ; and 2 tons, 3202., to France. The exports from the vilayet of Van, in 1879, were valued 
at 10,0002. Turkish. The productive capacity of Asia Minor is limited to about 60,000 cwt. of good 
or feir quality, and 15,000 cwt. of inferior. But the climatic and other conditions here prevailing are 
to be found in many portions of our African and Australian colonies. The goat succeeds admirably 
on land which will not support any other animal with profit. In the Cape, it is found that where sheep 
have been grazed, there springs up a Mimosa, which the sheep will not touch, but which affords 
excellent food to the goats. It is estimated that there are already about a million of these goats in 
the Cape Colonies, where the breeding is making rapid progress. The Transvaal seems to be admir- 
ably suited to them. But the Cape mohair is different from the Turkish, inasmuch as it is more 
tempy, and the kemp runs further to the top, while it is also shorter. On the other hand, it is 
quite as fine, and may be kept so by repeated infusion of pure blood. Mohair only began to figure 
in the Cape exports in 1862, the quantity then being 1036 lb. ; in 1871, it increased to 536,292 lb., 
value 43,0002. ; in 1875, it advanced to 1,147,453 lb., value 133,1802. ; and in 1877, it amounted to 
1,433,774 lb., value 116,3822. Great attention has been paid to the naturalization of the Angora 
goat in the United States, and the flocks there are now estimated to number nearly 2 millions. 
The flrst attempts were made in Kentucky and Georgia, more than 30 years ago, while the Paciflo 
States have been selected for more recent experiment. The animal appears to flourish best upon 
the wild sage, on the desert plains of Nevada, and the fleeces become fine and silky. Yet the 
breeding of the goat for its fleece must be accounted at least a .temporary failure in America, 
inasmuch as there is no local manufacture of the staple, and it will not pay to export at present 
prices. The rearing of the goat is attracting stock-growers in many parts of Australia, where the 
animal thrives W'ell, especially on well-watered undulating prairie. In sandy districts, the hair is 
inferior, and soon falls off. Shearing is performed twice annually, when the fleece is about 6 in. 
long. This prevents its being tom and wasted. Each clip from full-grown animals is estimated 
at 4 lb., value 4s. a lb. The Fiji Islands are likely to become producers of mohair of excellent 
quality. The first considerable sample of Angora hair from Fiji was pronounced to be well grown 
and of good texture, and sold at a high figure. It was the produce of a small flock of goats bred 
on the Ka coast, and was declared to be almost equal to the best Turkish mohair. The flock has 
been raised from a small number of pure Angora goats, by judicious crossing. It now contains 
several hundred well-grown animals of 2nd-4th cross, the latter producing as much as 4 lb. of hair 
each, equal to the finest hair from the pure Angora goat. The climate seems admirably suited to 
the goat, and to the production of a good crop of hair. 

Cashmere, Thibet, or Shawl Goat. — This variety of the domestic goat is considerably larger 
than the Angora kind. Like the latter, its coat is composed of two materials, but it is the under- 
growth that here forms the commercial article. It is beautifully soft, silky, and down-like, and of 
a pretty uniform greyish-white tint. Its removal is effected by clipping and combing, the process 
occupying 8-10 days. The quantity obtained seldom exceeds i lb. It is sold by the turruk (of 
12 lb.). The overhair is of various colours, lengths, and qualities. There are several modifications 
of this breed, and they are widely disljibuted^n Asia. The best are produced in Cashmere, Thibet, 
Mongolia, and the Himalayas. Those of the hilly tracts of Khorassan yield a fine soft hair, 
generally of a more or less inteiSie brown shade, while the long overhair is usually jet-black. The 
best are said to be among the Hazaree and Timunee tribes. Two fleeces are afforded ai^ually : 
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the first grows daring winter, and is shorn in spring; the second appears in snnimer, and is 
jgathered in antnmn. The latter is tlie finer and more esteemed. White fleeces are rare. The 
winter fleece is shorn off with the overhair, and is cleansed for making shawls, while the overhair 
is converted into grain-bags, tent-covers, and ropes The autumn fleece is only taken from dead 
animals. The skins are rubbed with a preparation of lime and potash, and left for 2-3 days ; the ' 

overhair is then easily pulled out, and the undercoat is subsequently removed separately. This is 
dearer than the winler fleece. 

Turkestan goat-hair is sent in considerable quantities to Amritsur, in the Punjab. The best 
quality is procured in the immediate vicinity of Bokhara, and in the N.E. districts of that 
kingdom. It is used in combination with Thibetan hair for making Cashmere shawls. The 
white is most valuable ; light-brown is the predominating hue ; black and ashy-grey are packed 
separately. The hair is shed by the animals in summer ; sometimes it is shorn ; but most of it is 
taken from dead animals. Cabul hair is generally darker than that from Turkestan, and is 
shorter in staple. It is chiefly obtained from the hill country to the W. of Cabul, and between that 
city and Herat. Its value is only half that of the Bokharan. Considerable supplies are afforded by 
the Kirghiz Steppes and W. Thibet, whence the hair is taken to Kodokh. Another large portion is 
carried to Leh. The goats are very common in the provinces of Ladakh, Rodokh, Garoo, and the 
Chanthan plateaux. Tt is the produce of these goats which is chiefly converted into shawls in the 
Punjab towns. The very superior quality grown in Tnrfan Kechar is taken through Yarkand to 
Cashmere, and there manufactured. Closely allied breeds of the Cashmere goat are common in the 
countries west and south of the Caspian. The shawls of Kerman, in Persia, are but little inferior 
to those of Cashmere ; and much of the hair produced in that country is carried to Amritsur, for 
the manufacture of so-called Cashmere shawls. The Persian and Armenian hair is also largely 
manufactured into Persian carpets. Attempts to naturalize the animal in France and Kugland 
have been complete commercial failures. Some French experiments in crossing the Cashmere and 
Angora goats gave promise of an increased and improved fleece, but the unsuitable climate of 
France would doubtless soon cause deterioration. 

CoMMOS Goats. — The common domestic goat is found in most countries of Europe, in Morocco, 

Algeria, India, the Uuited States, and the Argentine Republic. Recent statistics give : — Spain and 
Portugal, 6 million; Greece, 2i; France, If; Germany, If; Italy, If; Russia, If; Austro- 
Huugary, IJ; United Kingdom, 1; British India, 6; Morocco, 12; Algeria, 3J ; United States, 

2J : Argentine Republic, IJ. In all these countries, the hair, which varies much in colour, length, ^ 
and quality, is industrially employed. In England, it is largely used for low-class carpetings. 
Mogador, in 1878, exported 22 cwt., value 35/., to Prance ; and Tangier, in the same year, shipped 
238 cwt., value 428/. (including horse-hair), also to France. Shanghae. in 1878, exported 6273J 
pimls (of 133^ lb.). The skins of common goats are of more importance than the hair (see Skins). 

Imports of Goat-hair. — Our imports of goats’ hair, without reference to the description, in 1879, 
were as follows: — From Turkey, 5,987,276 lb., value 541,812/. ; British Africa, 2,102,019 lb., 
138,178/.; France, 1,070,451 lb., 24,048/. ; China, 343,062 lb., 20,564/. ; other countries, 569,892 lb., 

19,013/.; total, 10,072,700 lb., 743,615/. 

Horse. — Though horse-hair is produced to some extent in almost every part of the world, com- 
mercial supplies are obtained chiefly from Russia, Germany, Belgium, several of the S. American 
States, and Australia. The small quantity obtained from English stables— the combings of manes 
and tails — is superior to' any that is imported. The next in qmdity comes from Australia and 
S. America, generally yielded by healthy, vigorous animals. The worst, especially in point of 
dirtiness, and the presence of contagion, is procured from Russia, and in great part from Siberia. 

Foreign hairs reach this market packed in bales of strong cloth. The S. American bales are 
very large, sometimes weighing half a ton, and are bound with hoop iron, after having been 
subjected to hydraulic pressure. In all but the Russian bales, the mane hair and tail hair is 
packed in the same bale. The Russian bales are only about one-quarter the size of the S. 
American, and, being packed by hand, are relatively much lighter ; they have also an external 
covering of the matting which is made in such large quantities by the Russian peasantry, from the 
bast of the linden tree. The Russian hair is gathered from all available sources by the peasants, 
who' sell it in small parcels at the fairs to dealers, by whom it is made up into larger parcels for 
sale to the resident merchants. Thus, the “raw ” hair which reaches the merchant is the mixed 
produce of innumerable places. At St. Petersburg, this raw hair is assorted, the long hair being made 
into “ dollies ” or bundles, more or less sophisticated with bunches of short hair, to make weight. « 

Our imports of horse-hair in 1879 were as foliows : — From Germany, 6268 cwt, value 42,5712. ; 
Argentine Republic, 4839 cwt., 23,4^5/. ; Uruguay, 3110 cwt., 18,967/. ; Belgium, 2869 cwt., 

13,341/. ; Russia, 888 cwt, 8901/. ; other countries, \608 c-sjf., 8019/. ; total, 19,582 cwt., 114,964/. 

In 1875, the quantities were : — Germany, 7299 cwt ; Uruguay, 4935 ; Argentine Republic, 3069 ; 

Belgium, 1556 ; Brazil, 996 ; Australia, 906 ; Russia, 708 ; other Sountries, 762. The exports from 
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Poti in 1877-8 were 42 poods (of 36 Ik). From Kiga, in 1878, were shipped 37,675 poods (including 
cow-hair). The shipments from Bevel to Great Britain were 3435 poods in 1878, and 240 poods in 
1879, principally tails. Tangier, in 1878, exported 238 ewt., value 428/., to Prance (including goat- 
hair) ; in 1879, the figures were 98 cwt. to Great Britain, and 154 cwt. to France. The average 
annual shipments from Bio Janeiro are about 10,000 cwt., and from the Argentine Bepublic, 
9000 cwt., much of which goes to the United States. Shanghae, in 1878, exported 292 piculs (of 
133i lb.). The market values are approximately as follows : — S. American, 4<i.-ls. a lb. ; ditto, good 
to fine, ls.-2s. 6d, ; Bussian, fid.-fis. ; white tail, lld.-4s. ; black tail, 10d.-3s. ; mixed, 9-1 4(i. ; short, 
4-8d. The long hair is employed chiefly in making hair cloth, for covering purposes ; also in other 
textiles, as stiff petticoats, and straining-bags and cloths : and for stockings, gloves, plumes, wigs, 
fishing-lines, and ropes. The short hair is curled for stuffing ^eats, mattresses, &o. ; while medium 
coarse hair is sometimes used in brushes. 

Human. — ^Women’s tresses have of late years been important articles of merchandise. Scarcely 
any but “ combings ” is produced in this country, and supplies come chiefly from Continental 
Europe, India, and China, while even Iceland is not left unvisited by the itinerant hair-merchant. 
In S. Prance, the peasant-girls cultivate their hair with a commercial object. The light-coloured 
hair comes principally from Germany, Austria, and Scandinavia ; the dark, from S. France and 
Italy. Indian and Chinese tresses are very coarse ; yet the shipments of the latter, mostly to 
France, have risen from 286 piculs (of 133J lb.) in 1871, to 11,254 piculs in 1875. The value varies 
according to length and colour. A length of 8 in. commands about Is. au oz., while 36-in. hair may 
bring 30*. ; and above 36 in. the prices are fanciful. The standard is 18 in., but 5-6 ft. is occa- 
sionally met with. Auburn, grey, light, and pale, are consideretl extra colours, and fetch much 
higher prices than the ordinary hues. The best hair is obtained from the living subject ; dead 
hair is very inferior. The weight of a French head of hair (female’s back-hair) is about 5 oz. ; 
Italian, 6 oz. ; German, 10 oz. The last are seldom marketed in their niitural state, but are mixed 
to hide inferiorities. The tresses from Italy and Brittany require much cleansing. The chief use 
of human hair is for the manufacture of wigs and false tresses. The latter are the more important, 
and the fashion which governs them rules the market values. The United States ladies are pro- 
bably the largest customers for the article. The Chinese hair is in demand among Americans of 
mixed African descent. 

Pig-kair, or Bristles. — The hair which grows on the back of the pig commonly goes by 
the name of “ bristles.” The beat are the produce of the wild hog, and the quality deteriorates in 
direct proportion to the degree of cultivation of the animal. Bussia supplies the largest quantity 
and of the best quality. Siberia, and the district of Sarapoul, in the government of Wiatka, are 
noted for the best. Superior descriptions are obtained from the pigs which are fed on the refuse of 
the tallow manufactoiies. The Bussian exports of bristles in 1877 were 139,836 poods (of 36 lb.), 
the largest quantity for 12 years, but, on the whole, they are declining. Bevel shipped to Great 
Britain 1057 poods in 1878, and 714 in 1879. French bristles have the highest reputation in the 
market, being white, soft, firm, and elastic. The product is estimated at about 2 million lb. annu- 
ally. German bristles (which include large quantities of Bussian, sent landwise to German ports) 
are the dirtiest. Servia grows enormous herds of pigs ; so also do Hungary and Boumania. These 
countries probably contribute not a little to the shipments from German, French, Dutch, and 
Belgian ports. American pig-hair is procured chiefly from the pork-cuiing establishments of 
Cincinnati and Chicago. The Chinese port of Shanghae shipped 681 piculs (of 133^ lb.), in 1878. 

Bristles are assorted according to length and colour, and are tied in separate bundles, with the 
root-ends together, and packed in barrels. At Konigsberg, they are classified as 1st and 2nd grey 
crown, 1st and 2nd white crown, white and grey shoemakers', and white and grey long. The best 
and dearest are those for cobblers’ use ; the others are made into brushes of various grades ; while 
a few are employed for stuffing. The price ranges from Is. to 7s. a lb., and is always advancing, 
while the supply decreases. Our imports in 1879 were : — From Bussia, 708,694 lb., value 106,998/. ; 
Gennany, 556,931 lb., 89,145/. ; China, 98,923 lb., 12,592/. ; United States, 94,886 lb., 10,110/. ; 
France, 75,351 lb., 12,065/. ; Belgium, 41,525 lb., 4766/. ; Briti.-h E. Indies, 33 841 lb., 5314/. ; other 
countries, 21,431 lb., 3398/. ; total, 1,631,585 lb., 244.388/. In 1853, we imported 3,237,059 lb. 

Yak {Poephagus jrunn/ens).— This animal, found in Thibet, China, Mongolia, &c., is covered 
with a coat of very long hair, and has a long, bushy tail. The prevailing colour is black, but several 
other tints occur. The hair is ranch finer than horse-hair, and is locally employed for making strong 
ropes. It is occasionally exported to Europe. 

Bibliography . — W. Walton, ‘ The Alpaca ’ (lamdon and Edinburgh : 1844) : T. Southey, ‘ Colonial 
Wools ’ (London ; 1852) ; P. L. Simmends, ‘ Animal*Products ’ (London : 1877) ; G. Gatheral, 
‘ 'The Angora or Mohair 'Goat ’ (Proc. B. Col. Inst., vol, ix., London : 1877-8). 

(See Brushes; Feathery; Fur; Hair Manufactures; Leather; Skins; Wool; Woollen Manu- 
factures — ^Worsted.) 
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in At It ujrACliu itTiS* 

Since the begioning of the present oentniy, hair, els distinguished from wool, has been largely 
mannfEictnred. The chief sources of supply of this class of fibre sire the group of animals repre- 
sented by the alpaca, the caprine tribe, the camel, the horse, the ox, and the hog. The chief of 
these, however, are used so entirely in combination with, or subordinated to, wool and other fibres, 
or their processes of treatment sire so nearly identical with those of the latter, that a description of 
them will come more naturally under the divisions in which these Eirticles are treated (see Woollen 
Manufactures — Worsted). Of the above, therefore, it is necessary only to notice the applications of 
the hair of the horse, the ox, and the hog, Eind the processes of manufacture through which they 
pass. The hsLir &om these animals occupies a distinct place in our industries, and is not subordi- 
nated in such a degree els to lose its identity. 

The bulk of the hair obtained from these sources is used for upholstery pm-poses, being manu- 
&ctnred into “curled hair” for staffing, or hair cloth for seating. The raw material (see Hair) is 
roughly classified into English and foreign, the former being regarded as the beat in quality. EtLch 
class is divided into several quEilities, Eiccording to the purpose for which it is destined. The best 
English hair is that denominated “ hsird hair,” consisting chiefly of hair obtained from ostlers 
Eind stablemen, being tail hair procured in combing. That similarly got from the mane is of a 
different quality, being termed “ soft,” Knackers’ hair, or that obtained from dead anirnsLls is 
much inferior, “ dead ” hard hair not being more than equetl to “ live ” soft hair. The depreciation 
which hair undergoes on the death of the animal is snch that, when worn-out horses are sent to he 
slaughtered, the knacker always cuts off the mane and tail previously to the operation. 

Horse-hair makes by far the best curled hair, but is not the only sort employed. Cow- and 
hog-hair constitute a large portion of that which is manufactured into curled hair for upholstery 
purposes. The former is chiefly procmred from home sources, whilst of the latter the greatest pro- 
portion is imported from America, the supply from the continent of Europe having been neglected 
for several years, owing to the superior quality of that obtained from America. The hogs of the 
United Kingdom, owing to their high feeding, do not yield hair in either quantity or quality which 
renders its collection worth the cost. That yielded by lean animals is always the strongest and 
most elastic. Imported pig-hair is exceedingly dirty, and requires to be thoroughly washed and 
dyed before it can be used. 

Both these kinds of hair are mixed with “ soft ” or mane hair from the horse, in proportions 
varying according to the quEility of the product it is desired to obtain. 

Sorting. — The manufacture of hair commences with the process of sorting. This is conducted in 
a room set apsirt for the purpose, called the sorting-room. The raw material, having been supplied 
to the workers, is first separated into long and short hair, the former being carefully reserved for 
the manafacture of hair seating, fishing-lines, brashes, Ac., and the latter for curling. The sorting 
is next repeated for the purpose of separating the coloinrs. White hair is esteemed the most 
valnable, being used for specisLl purposes, emd the supply being small. A third time this process 
takes place, this last being for its assortment into qualities. This is very important, and requires nice 
discrimination and sensitiveness of touch in the sorter, in order to perform the process efficiently. 

Washing and Dyeing. — Efich quality is next subjected to thorough washing in cold water, to 
remove dirt, dust, &o. It is then sent to the dye-room, and immersed for several hours in a dye 
bath chiefly composed of- a decoction of logwood. When removed, it is of a dull-black colour. 
Farther washing and cleansing then take place, the hair being put into large vats containing 
agitators, through which flows a stream of hot water. This treatment removes the superfluous dye, 
and further purifies the hair. After removsd from the vats, it is passed through powerful wringing- 
niELcbines, to express the moisture, and spread over the floor of an open room until perfectly dry. 

Both classes of hair, long and short, undergo the above processes ; but at this point, the treat- 
ment of the two sorts diverges into separate chsumels. 

Shobt Haib. Mixing. — Following the short hair, the next process is “ mixing ” — making a 
blend of certain proportions of horse-, cow-, and pig-hair, according to the quEtlity of the sirticle 
intended to be produced. Of these there are many, and the prices range proportionately from 
fid. to 2s. a lb. When the blends have been properly laid down, the material is psissed through a 
series of “ willows,” by which the different sorts are thoroughly incorporated, becoming homogeneous 
as fELT as mechanical admixture can produce such a state. After passing through the third of these 
machines, it is beaten and screened, to clesir away the dust created by this treatment, and is then 
ready for the curling process. 

Curling. — “ Curling” is csLrried on in a sepELrate room, called the curling-room. The curlers 
spin the hsiir into ropes or strands, by the aH of a machine similsir to that employed in rope-spinning. 
The rope is further twisted in a second operation, by which means it is reduced to half its first 
length. By a third process, it is twined imtil it assumes a convolute form, when it is secured as a 
(soiL These processes give to the hair its peculiar curl, which fits it for the purpose to which it is 
applied — “(Stuffing ” for the seats of chairs, sofas, Ac. But were it, at this stage, to be untwisted and 
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used, the curl wotild soon be lost. It requires to be “ fixed ” in this condition, which is accom- 
plished by the following treatment. The coils are immersed in cold water, and allowed to stand 
for several hours. On removal from this, they are placed in specially constructed ovens, which 
are heated to a very high temperature. After subjection to this heat for a sufficient time, the 
“ curl ” is permanently fixed ; and the germs of all parasitic life are destroyed. 

When the process of “ baking ” is finished, the hair has become a marketable article, and is 
sold either in the form of “ hard curl,” as removed from the ovens ; as “ soft curl,” in which it is 
partially untwisted ; or “ towsed,” in which the filaments are separated ready for use. 

The comparatively high price of hair, whether of the horse, ox, or hog, has led to the search for 
cheaper substitutes. Of these, two have been utilized to a considerable extent, namely “ Mexican 
fibre,” which is very similar in appearance to hair ; and “ vegetable horse-hair,” a product of 
Algeria, and known as crin vegetal (see Fibrous Substances — Chamcerops humilis ; Nidularium 
karatoi). The importation of the latter article has become considerable during the past 20 years, as 
it is extensively used in stuffing the lower qualities of furniture, either alone or in conjunction 
with hair. It is prepared aud dyed in the localities of production, and is imported into this country 
in the form of hair ropes, to which it bears likeness. Neither of these articles, however, possess a 
tithe of the durabihty of real hair, -and would not call for notice in this place were it not that they 
are made to simulate the latter. 

Long Hair. — The long hair is applied to the manufacture of brushes and fishing-lines, but 
chiefly to that of hair cloth for upholstery purposes. 

Hackling and Drawing. — After having been thoroughly cleansed, as stated before, it is combed by 
drawing the bunches through fixed combs, like flax-hackles, which work is done by boys. It is 
next drawn into different lengths and thicknesses, which is an important and tedious operation, 
requiring both delicacy of touch and quickness of eye. These lengths range from 14 in. to 35 in. 
This work is performed by hand, though attempts have recently been made to accomplish the draw- 
ing automatically. Black hair is subjected to further treatment, in order to obtain a full glossy 
blackness. White is bleached, in order to diminish the yellowish tint which is its natural hue ; 
but this is never perfectly removed. English hair affords the best white, that obtained from 
foreign sources never yielding as clear a colour. It is also variously dyed by makers of coloured 
damask seating. . 

The best white hair is generally used for the manufacture of toilet-brushes, and fancy articles 
of similar classes, in which transparency constitutes an element of quality. Inferior whites are 
utilized in the production of paint-brushes, fishing-lines, &e., colour being then of minor import. 

Hair Cloth. — The moat important purpose to which horse-hair has been adapted is the manu- 
facture of hair seating. A century ago, its qualities were highly esteemed in this application; but 
the invention of the Jacquard machine, and its application to the production of upholstery textiles, 
such as damasks, brocades, tapestries, &c., has caused hair cloth to be relegated to humbler classes 
of furniture than of old. Its cleanliness, durability, and coolness will, however, always ensure its 
retention as an upholstery fabric in warm climates. 

By far the largest proportion of hair cloth is black, but it is sometimes made in colours, brocaded 
and figured, by means of a simple form of Jacquard apparatus, mounted on a hand-loom. This 
class of goods is a specialty of E. Webb and Sons, Worcester, who have also recently introduced a 
novelty in horse-hair fabrics, called the “ Worcester carpet,” mad^ similarly to a “ Brussels,” but 
having the pile- warp composed of horse-hair. As may be inferred from the nature of the material, 
it is very durable. 

In hair cloth, the warp is necessarily formed of a different fibre, most generally strong cotton 
or linen yarns. These are dyed and polished. The length of the hair decides the width of the 
cloth, as there can only be one hair to a pick. To knot the hair, in order to obtain a greater width, 
would seriously depreciate the quality, if not render it altogether unmerchantable. 

Until within the past 20 years, this fabric was everywhere manufactured ou the hand-loom, 
requiring a “ server ” to pick out the hairs singly from a lock, and hold one end, whilst the other was 
drawn across the warp by the hook of the weaver. This loom is still occasionally used, but has been 
generally superseded by a plan which dispenses with a server, the weaver working both baton and 
hook by means of a treadle, and supplying the hair for weft from her own hands. The “ one-armed ” 
loom, worked by means of a crank handle, or a long foot-lever, has come into extensive use in 
cottages, and in factories in which steam power has not been introduced. 

To the ingenuity of the Americans we are indebted for an invention by which the above primi- 
tive process was first superseded. The chief difficulty arose from the nature of the material. The 
filling or weft employed not forming a continuous thread, al? arrangement was required capable of 
picking up and laying in the warp slfed each single hair as required, and to accomplish this with 
certainty and regularity. The,wire motion of the carpet-loom undoubtedly suggested one method 
of overcoming a part of the difficulty. But this was not all that was needed. The arm or rod 
analogous to the looping- wire of the carpet-loom was made so as to operate like a finger and thumb. 



1102 


HATS. 


to grasp the hair when presented to it, but it possessed no power of taking np single hairs. 
Further mechanism was needed to secure this object, and many years passed before it was perfected. 

In the Pawtucket loom, the work of picking np and presenting each separate hair to the 
receiving-rod is performed by a piece of mechanism at the side, containing a pair of nippers, called 
a “ picker,” one jaw of which has a groove or slit, almost invisible to the naked eye. This picker 
dips into a bnnch of hair, and seizing one by the end, draws it up out of the bnnch, and presents it 
to the before-mentioned rod, by the fingers of which it is carried transversely between the threads 
of the open warp. The motion of tlie picker is arrested until the hair has been laid between the 
warp, when it is again set free, and descends for another hair. A clever arrangement also provides 
that should the picker fail to seize a hair at the first dip, it can make a second or third before the 
receiving-rod comes for the hair. 

In the factory of the Pawtucket Hair Cloth Co., where this invention was perfected and applied, 
a young girl is able to superintend 10 looms, thus performing the work of 20 persons when engaged 
upon the old hand-looms. The Pawtucket loom has been brought into extensive use, both in this 
country and on the Continent, for weaving hair cloth. 

There are two other forma of power-loom, which are considerably easier to work, being 
simpler in construction. The least complicated is Henderson’s. In this loom, the picker is 
attached to the end of the rod which draws the hair through the warp, and thus dispenses 
with the separate picking-apparatus of the Pawtucket loom. The arrangement for raising 
the warp threads is also much simpler, and less liable to get out of order; and another very 
important improvement is that the thick and thin ends of the hair are presented to the picker 
alternately. One end of a hair being very much thicker than the other, it is obvious that, if it were 
all laid in the warp the same way, one edge of the cloth would appear much stouter than the 
other ; to obviate this, the hair for use is put into two holders, one presenting the thick ends to the 
picker, and the other the thin ends. An arrangement is mode by which these holders oscillate, and 
so come alternately opposite the picker. In the Pawtucket loom, the hair is mixed, and the picker 
takes up thick or thin hairs at hazard, which destroys the beauty of the surface by making it appear 
streaky. In addition, it may be mentioned that a loom for weaving hair has been patented by 
Samuel Laycock and Sons, Sheffield, in which is incorporated Lyall’s positive motion principle. In 
this loom, the hairs are taken from each side alternately. It seems, however, still to present a few 
practical diffloultics. 

The texture of hair cloths, with the exception of the fancy fabrics previously referred to, is 
chiefly that of a satinette armrure or weave, by which the warp is quite hidden from view, only the 
bright glossy hair beiug perceptible to the sight or touch. 

(See Hair ; Woollen Manufactures — ^Worsted.) jl. 

hats (Fb., Chapeaux ; Geb., Hiite). 

The feature which distinguishes the “ hat ” from other forms of head-dress is the possession of a 
brim. Hats are principally of two kinds — felt, and silk ; tliese will receive separate description. 

Felt Hats. — The production of felt must have taken place in the earliest times, the combined 
action of friction and moisture upon wool, and most kinds of fur and hair, being sufficient to form a 
felt. Such fabrics for clothing purposes long preceded woven goods. Felt hats for both sexes 
have been known in England for nearly 400 years. At the commencement of the present century, 
the trade was located in Lancashire, Cheshire, Warwickshire, and London. The stringent rules of 
the Hat-makers’ Association had the effect of keeping the trade in a very few hands, and the 
exclusive use of manual labour rendered the production so small as not to suffice even for home 
needs. The more recent application of machinery to almost every branch of the manufacture has 
permitted a singularly rapid development, and the felt bat trade must now rank among the 
principal industries of the country. 

MANOTAcmjBE. — The basis of the “common” and “medium” kinds of hat is wool. It is im- 
portant to select a sound and clean wool, whether washed or unwashed ; dirty and broken wools 
must be avoided at any price, as being certain to produce bad results. Superior effects are produced 
from a mixture of several kinds of wool. Those preferred are “ blue Cape,” “ Port Philip," and 
“ Sydney ” lamb, and such as are of medium staple, and capable of affording a soft and close fabric. 
These wools, unwashed, are carefully mixed, in proportions varying according to the particular 
product desired. 

Opening.— The mixing having been completed, the wool is passed into the “ opener,” shown in 
Fig. 805. This machine performs the office of scavenger, opening the fibre of the wool, ejecting 
all loose sand and dirt, and preparing it for the “ watfier.” At the bottom of the cylinder B is a 
grid, through which the teeth in the cylinder play ; withft the cover A, shown raised in the 
illustration, other teeth are firmly fixed, through which the teeth the cylinder pass, drawing the 
wool tjjuough the fixed teeth at the top, and acting the part of a rude comb. Care should be taken 
not to choke the machine with too much wool in feeding, and not to put the arms in too fer. 
Having placed the wool in the machine, the workman lowers the lid A, until it covers the aperture 
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down to C, and allows time for the wool to he passed through the teeth of the machine. Then, 
without stopping it, he gathers the wool in his arms, and places it in a large basket. Such a 
* quantity is passed through as will serve for one operation of the washing-machine, described in 
detail in the article on Wool. 

Washing . — Single and doable machines are in use, according to the consumption of the manu- 
facturer. If the single one with three rakes and lift be used, it will require the pan to be charged 
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with soap and scour (caustic soda). These articles ought to be in a state of solution iu two separate 
vats, the usual proportions being I 5 lb. of soap, and the same quantity of scour, to every gallon 
of hot water. Much will depend upon the state of the wool : if very dirty, more soap and 
caustic soda will be required to effect a thorough cleansing of the fibre. A little experience will 
soon determine the most effectual method of washing. The water must not be boiling in the 
machine, or the staple of the wool will be made knotty and harsh, giving much trouble in the after 
process. A thin layer of wool is placed upon the travelling brat in front of the machine, and intro- 
duced in exact proportion to what the squeezing-rollers will take with ease, all the wool having 
previously passed through the hot water and scour. The bowl of the machine ought to be cleaned 
out, the wool that is left behind being taken out of the dirt, and sent through the machine with 
the next mixing. The washed wool is passed again through a warm bath with a little soap, and 
will then be ready for carding. There is great economy, where the consumption is large, in pro- 
viding a double machine ; the first part will contain the strong soouring-liquor, and the wool, 
having passed through the first set of squeezers, continues to be washed iu the second bowl, and 
finally passes out ready in one operation to the carding-engines, after having undergone a little 
drying. 

Carding . — The wool brought from the wash, and dried until containing only very little moisture, 
is taken to a small “opener,” like the one used in the fiij); process before washing. This fully 
prepares it for eirding. Small manufecturers' use single carding-engines for breaking up the wool 
first, and then take it through a second engine, before which the hat-former is placed, and where 
the form is completed. Large nnanufacturers find it more economical to use double machines, so 
as to complete the hat-forming in one process, the machine being placed at the end of the Rouble 
engine. In Fig. 806, A is a travelling “ brat,” for taking the wool on to the first roller B, called 
the “ licker-in ” ; this, on the breaking-engine, carries the wool in across the whole width of the 
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machine. This first roller B, running at a high velocity, is covered with small stout wire teeth, 
which throw the wool on to the large central cylinder C. As a rule, this is made of iron, cast in 
one piece, turned very true, and where the casting has been drawn from the moulder’s sand, strips 
of iron are bolted to the thin side, to make np the difference in weight between it and the thick 
one, thus preserving a perfect balance ; otherwise, the high speed at which the cylinder runs is a 
cause of expansion, and pro- 
duces such an irregular 
motion as to endanger the 
machine. It is therefore 
most important that all card- 
ing-cylinders should be ex- 
actly balanced, to run with 
the greatest smoothness. 

The cylinder C is clothed 
with small wire teeth, set in 
rubber strips, about 2 in. wide, 
the first cut in a slanting 
direction to a very fine point, 
and all nailed on with small 
tinned - tacks, driven into 
wooden pegs that are in- 
serted in holes drilled in the cylinder for the purpose. After all has been covered, the card teeth 
are ground true and sharp by an emery wheel, driven from fixings on the side, and adjusted until 
it bears upon the teeth. The grinding is done by driving the cylinder 0 in a reverse direction. 
All the other rollers are covered with teeth in the same manner ; but separate macdiines are used 
for the purpose. A central emery wheel carries one card roller on each side. As there is an inde- 
pendent fe^ motion at each end of a grinding-frame, the wire can be ground to a dead face and 
sharp. Setting these roUers on the card requires the utmost care, to prevent the wire from 
catching, or coming into direct contact with the cylinder or the other rollers. All being square, 
and ground up true on the face of the wire, the wool is thrown by the large cylinder C to the 
first roller D. The small roller E, called a “ clearer,” is driven by a small strap from the larger 
roller D, and almost in contact with it, and by its much higher velocity clears the wool from D. 
The wool is taken from E by the next roller, cleared by the corresponding one, and so on 
throughout the series, being lastly placed upon the “ doffer ” F. In front of F, is fixed a comb G, 
running at a high speed, and stripping the wool from the doffer as fine as a gossamer web. 

Fanning . — A hat forming-machine. Fig. 807, is placed in front of this doffer, at right angles to 
the position it occupies in the Ulustration, and the wool is so adjusted at the back of the card by 
two wooden guides, as to bring a 
web about 12-14 in. wide for 
the use of the “ former.” A 
very steady feed is requisite to 
make a good even form, free 
from the knots produced by bad 
carding. The person tending 
the machine takes the wool as 
it comes from the engine, guid- 
ing it with the hand to the cone 
marked C. This cone is made 
of tin or wood, of the most con- 
venient size for the hat to be 
made, allowing about 5-7 in. 
greater length or width than the 
hat is wanted to possess in the 
finished state. Note well in 
making cones that the ends are 
never too sharply tapered, be- 
cause the hood in every subsequent process of making requires to be opened at this point, and a sharp 
taper prevents the blocker from “ unbuttoning ” the tip in a proper manner, frequently spoiling 
more finished work than any other ci Jse. The cone, being independent of the machine, may be of 
any required size. It is laid upon A, which are four tipered rollers, driven by bevel-wheels 
beneath; its weight, resting upon the revolving rollers, induces an opposite revolution in the cone 
itself. Adjustable screws enable the rollers to be raised or 1 *wered, to fit the various sizes *of 
cones? A foot-lever at B takes the wheels out of gear, by which the wool is made to run straight 
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npon the centre of the cone C. When the machine is in gear, the rollers hare a right and left 
radiating jnotion, revolving at the same time. Taking the Wool or “ sliver ” from the engine with 
the hand, the operator passes it over the cone C ; the machine making this peculiar motion, 
performs the lapping upon the two ends of the cone alternately, after the maimer of winding a cord 
upon a stick. While guiding the wool as it passes over the ends of the cone, care should be taken 
not to allow the web to double itself, as this will make bad work. A little experience will indicate 
how many turns to take before lifting the machine out of gear, when, the wool running straight, 
the ends of the cone C are left without web, and it is run into the centre, according to the strength 
of brim required for the hat, after which, the machine is placed in gear again, and sufficient laps 
are added to make up the weight of hat wanted. A pair of phears are slipped through the web 
into the groove E, about J in. deep, which serves to guide the cutting straight ; when cut through, 
each hood is taken off, weighed exactly, and pared at the edges if too heavy. 

To make “hard” hats, the brims are formed very thick, with a very thin “tip,” as the crown 
is called. “ Soft ” hat forms are wound on about even in thickness. The same is the case with 
“ framed ” hats. “ Soft tops ” are formed very thick, as the crown, when finished, must feel thick 
and soft, and the brim hard. 

Bardening. — The formed hat is next taken to the “ hardening ’’-machine. Fig. 808. A place 
should be selected for a table with good light in front, to enable the workman to look inside the 
wool forms against the light. That 
wUl at once show all the thin places, 
which are made good by putting thin 
layers of wool over them, to make up the 
felt to an even thickness. As the hard- 
ening-machine runs with great velocity, 
and by the motions of the various parts 
produces a considerable vibration, heavy 
stone foundations are necessary to secure 
steadiness, which is absolutely essential 
to good work. Of the pair of pulleys 
G for driving the machine, one is fast, 
and the other loose. On the end of the 
shaft, is fixed a solid face-plate, fur- 
nished with a groove, in which a X -bolt 
can be raised in a slot. This increases 
the diameter of the circle as the shaft 
revolves, communicating a right and 
left motion to the lever A, for the bolt, 
having a square collar planed to fit the 
aperture in this lever A, acts as a slide- 
bar, giving about 1 in. of travel in each 
direction. As the lever A is fixed by 
a key at the point B, the motion diminishes upwards. Above B, is seen a fixing, also keyed 
to the same shaft B. This fixing is about 7 in. long, bored at each end, and linked together by 
two pins, one end being attached to the top cover D, the other fastened to the bottom chest C, 
thus producing a slight shivering motion, similar to the effect of placing one hand on the other and 
moving them about f in. at a great speed. If the travel is too long, the tendency is to corrugate, 
or “fridge,” the hat form. Should this take place, nothing will remove it, and the damage will be 
clearly seen after the hat is dyed and finished. Other causes producing the same result are (1) 
having the face of the top lid D too level, (2) an excess of pressure produced by the lever I, when 
brought down upon the spring A. C forms the bottom cover, travelling in four grooves. The 
bottom is a steam-chest, perforated on the top side with small holes, as seen in Fig. 809. The 
portion having the rude form of a hood is raised a little, planed true, and covered with a stout linen 
cloth, in several folds if thin. The cloth is strained after nailing one end, and is drawn from each 
side until, when wetted, it becomes as tight as a drum-head. The holes on the outer edge are filled 
with wooden plugs, into which are driven the nails for holding on the linen cover. Should too 
great pressure of steam be used, the fibre will be datnaged, leaving upon the hat the marks of each 
hole in this bottom chest. This may be avoided by regulating the steam, or the length of travel of 
the cover, or the pressure. Some experience will be required to secure the best result. If the 
marks of “fridging ” are not seen on the inner side, nor the (J^mage by steam or other causes, the 
imperfection wUl be got rid of by turning the hat inside out when sending it to the next process. 
Taking a number of forms to the table, fbe workman, after carefully stopping up any thin places, 
cuts a piece of linen cloth of the same shape as the inside of the bat form, steeps it in water, wrings 
it, and by inserting it between the folds, prevents the hood felting fast together. Placing the Jiood 
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under the cover D, he brings down the lid as seen at work in H, the lever I acting as a pressore-bar 
on the spring H. So soon as the steam and pressure settle the wool, the hood is hardened and 
opened out, the linen cloth is removed, the hood is carefully looked at again, and any defective 
places are repaired ; it is then folded so as to bring into the middle the two sides or edges that 
received no pressure, and is again placed in the machine. When removed this time, if the process 
has been carefully conducted, the sides all round will have been transformed from a thick flossy 
wool to a loose thin cloth. The crown or tip has been first solidified. To eflect this in the 
same manner as the sides, a stout iron pillar, terminating in the cone E, is used. By attaching a 
side bar from the shaft of the machine, the same motion is given to E. This ring must be made 
into a pad, covered with linen. Th^ hat form is placed over the cone E, which is perforated, to 
allow of the escape of the steam admitted to the inside. The workman lifts the rod F, places it 
with this linen covering upon the top of the hat resting on the cone, and turns on the steam ; the 
top becomes hardened by the mere weight of the side bar. The form is thus completely hardened 
and ready for the next process. 

This machine, known as the “No. 1 hardener,” is perhaps the least complicated, and certainly 
the most approved by all manufacturers for a large production with little labour. It is suitable for 
all medium wool hats. For the purpose of hardening fine wool and fur hats, recourse is had to the 
“No. 2” machine, known also as the “cup and cone 
hardener.” With the low class and medium wools, the 
staple is not so easily thrown out of shape, nor injuriously 
affected by pressure and steam, as the finer sorts. There- 
fore the No. 1 hardener should be used by all persons 
engaged in the common and medium trade. Fine wool 
under pressure in the No. 1 machine would flatten out 
too large, so much so that a large quantity of work 
would be spoiled, for it could never be felted down 
to the requisite size to make good work. The aim of the 
manufacturer using the finer material is to confine the 
hood, to prevent its expanding too much. If he can 
once concentrate it by hardening tlie felt to a proper 
size, his object is easily gained. The No. 2 hardener. 

Fig. 810, effects this completely, and is the best machine 
for this class of work. 

In making fine wool hats, the same processes of carding, &c., are to be followed, the 

workmen acting precisely as with the No. 1 machine, so far as regards the hardening of the 

bodies and making them sound. The difference in working will easily be understood on 
reference to Fig. 810. A is a driving-shaft, revolving the upright spindles surmounted by the 
cones C. These last are covered by linen cloths. B is a table for supporting the cover D, into 

which steam is injected for hardening the body, and gives the workmen easy access for 

removing the form. Setting 
the cone C in motion the 
hood is placed over it ; when 
. evenly placed, the cover D is 
pressed upon the hood, con- 
fining it on all sides. The 
chain that passes over the 
lever E keeps constantly 
lifting the top cover with a 
spring, the under cone re- 
volving; thus the wool is 
settled down, and hardened 
evenly on all sides simul- 
taneously, the tips included. 

No portion of the wool escapes 
pressure, it being confined on 
all sides at once. The ma- 
chine is peculiarly fitted for all finer materials, and is absolutely necessary for the class of work 
just described. The hoods thus hardened go into the next department, which will be described 
presently. It will be convenieni^ first to describe the process of forming the finest fur hoods, 
ready for the hardening-machine, in order that all qualities may he taken together into the 
“ planking-room.” 

Fttrs for Hatting . — Fur for hat-making purposes must be Most carefully prepared and sorted. 
Thgfurs principally used at present in the manufacture of fine goods are coney or hare, and rabbit. 
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the best qualities coming frem northern countries (see Fur). The firet process the fur undergoes 
is “ carroting,” which consists in applying to it a solution of 32 parts mercury in 500 parts com- 
mercial aquafortis (nitric acid). The object of this is to render its felting easier, and to avoid the 
excessive use of acids in the subsequent operation of planking. Much experience will be required 
in selecting fur, to avoid that which is defective in quality, and to detect that which is rotten. This 
is a most difficult matter, and one of the best safeguards is to purchase from none but first-class 
firms. The skins are taken into a hot room to dry, are sorted into qualities known in commerce 
as “ back,” “ belly,” and “ side,” and are finally made up in bundles and sold by the lb., the price 
varying from about 5s. to 20s. It shoubl be noted that hare-skins have a solution of arsenic applied 
to them before the fur is removed, to prepare it for felting. The choicest qualities of hat are produced 
from beaver-fur ; commoner ones from otter and musk-rat. An excellent felt for hat-making pur- 
poses is made from the fur of a large species of water-rat, a native of S. America, and more than 
a million skins are annually exported from that continent for the purpose. 

Fur-blowing . — After selecting the class of fur suitable for the manufacture of the goods desired, it 
is taken to a room adapted for the blowing-machine. Fig. 811, which separates the hairs from each 
other. This machine consists of three parts : an apparatus for bringing the hair, a conduit pipe, and 
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a chamber or series of chambers. The hair is first conveyed on an endless belt of cloth A, provided 
with fans, and is blown into the first chamber B. This is furnished with a glass window, through 
which the fur can be seen kept in violent commotion by the wind from the fans. The finer hairs 
adhere together, and pass along from one chamber to another, the finest being carried farthest, 
while the coarse and unsuitable qualities fall into boxes at the bottom of the first chambers. 

Fur-forming . — The fur-former, Fig. 812, is next brought into use. The “ stock ” or “ blown hair,” 
as it is termed, is weighed out in the exact quantities required to form one hat, and is placed upon 
a travelling “ brat ” or “ apron ” A, by which it is carried between two horizontal feeding-rollers, 



covered with felt, and is immediately seized by a cylinder, making about 3000 rev. a minute, and 
furnished with several longitudinal lines of stiff brushes. This generates a current of air, and 
scatters the stock, blowing it out through a vertical slot B, at the farther end of the machine. A 
thin stream of hairs is thus ejected against the cone C, which is made of copper, perforated with 
small holes, and revolves on a vertical axis. A strong current of air is produced by an exhaust-fan 
or air-pump, placed within the cone, thereby assisting the fur in attaching itself to the cone O. 
During the operation, the cone and its covering are kept constantly moistened with water. The 
revolution of the cone on its axis soon causes it to be unifo^fnly covered with a fine felted fabric. 
The slot B can be regulated by meaijp of a slidipg-board, the manipulation of which enables the 
operator to direct the stream of hair to any desired part of the cone C. An extra quantity can be 
placed upon the brim if wanted, ‘or the whole hat can be formed of even thickness ; this is as much 
at the discretion of the operator as in the wool-former. • 
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While the right hand of the workman is directing the stream of stock or hair, the left hand is 
applied to the felt to moisten it, and to ascertain its thickness and uniformity. When the whole 
weight is drawn upon the cone, the pneumatic action is stopped, and the felt is covered with a wet 
linen cloth, or a tightly 
fitting copper cone, 
similar to the one within 
the felt. Both are 
plunged into a bath of 
dilute sulphuric acid, 
and made sufficiently 
cohesive to be safely 
lifted from the mould. 

The felt requires to be 
hardened still more, or 
it would fly out of 
shape, and be spoiled. 

In some cases, work- 
men “ run in ” the felt, 
i. e. dip it into sul- 
phuric acid and hot 
water, and roll it gently 
by hand until it is firm 
enough to be put upon 
the No. 2 cup and cone 
hardener, or is brought 
into such a state that it 
will not felt together. 

In all the processes, 
whether by hand or 
machine, cloth must be 

introduced into the hood, to prevent its fastening together. In all oases where a mixture of sul- 
phuric acid and water is used, the strength is understood to be such as will afford a strong sour 
taste on the tongue, unless otherwise stated. 

Planking. — Having made the 
felt firm enough to stand the pres- 
sure of a machine, both fur bodies 
and wool bodies may be taken into 
the planking-shop, where are ma- 
chines specially adapted to reduce 
them to about their original 
dimensions. The first machine is 
very suitable for wool bodies. 

Two views of this are shown in 
Figs. 813, 814. The foot-lever A, 
when depressed by tlie operator, 
raises the entire frame and gearing- 
wheels which drive the rollers F, 
attached to the frame E. The 
rings seen on these four rollers, two 
on the top frame and two on the 
bottom, are composed of vulcanized 
indiarubber, to resist the corrosive 
action of the acid used, and are 
placed in such an oblique posi- 
tion that the revolution of the oppo- 
site rollers causes them to attack 
the felt with a screw-like motion, 
producing an action like kneading 
with the hands. The operator 
takes 8-12 hats, and rolls them in . , 

an indiarubber cloth about 30 in. long, first dipping them into the lead-lined cistern B, which is 
charged with a mixture of hot water and sulphuric acid. Placing his foot upon the lever A, he 
raises tte frame as seen in Fig. 813, and introduces the roll of hats between the top and bottom 
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rings. The foot is taken off, and the weight of the frame E presses the hats down. After being 
worked in this machine for some time, the hats are removed from the cloth, opened ont, and folded 
so as to bring the edges to the middle, when they are again run through the machine. These 
are supposed to be “ all wool ” hats. The operator piles them beside him, until he has a quantity 
sufficient to fill the fulling-stocks. 

Twisting . — If the hats are fine ones, they are planked through in the “ twisting ’’-machine, which 
is sometimes made double, 

as shown in Fig. 815. sis. 

A roll of hats taken from 
the hardening process, 
if “wools,” or if “furs,” 
settled first by hand, are 
wrapped in a wet linen 
cloth, dipped into vitriol 
(sulphuric acid) and water, 
and pressed into the trum- 
pet-month A. The pas- 
sage diminishes in dia- 
meter as it traverses the 
length of the cylinder B, 
and is corrugated through- 
out. As the cylinder re- 
ceives a rotary motion from 
an internal wheel driving 
the four small rollers a, the 
hats are twisted as they 
advance, and are com- 
pressed gradually smaller, 
until they are delivered at 
the other end; here they 
are placed in the mouth of 
the second cylinder, and 
return through it. The 
hats are next opened out, 
their edges are reversed as 
on the first machine, and 

they are completed by dipping in the acid and hot water bath, and working them through the 
machine until reduced to the required size. 

Fulling . — The woollen hats, described as being merely felted, so as not to adhere under pressure, are 
deposited to the number of 40, 50, or sometimes 60 doz. at a time, in the fulling-stocks, shown in 
Fig. 816. The driving-gear 
is at A ; B is a small pinion, 
turning the large wheel C. 

In large stocks, four lugs are 
bolted at equal distances 
apart on this large wheel, as 
at D, for lifting the long lever 
E. The chest F has a circular 
form internally. The hats are 
doubled carelessly together 
and put into this chest, which 
is constantly fed with sul- 
phuric acid and warm water. 

Here they, remain until the 
beating action of the stocks 
has milled them up to the 
right size. A lead-lined cis- 
tern, fixed above the stocks, d; 
is very convenient for con- 
taining a supply of warm 

water and sulphuric acid; the liquor may be conducted to the chest by a leaden pipe, branching at 
the end into two, extending across the chest F, and finely perforated, so as to form a self-fdbding 
arrangement. The felting being completed, the hats must be passed once more through the 
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No. 1 planMng-machine, to straighten them, and bring their edges evenly together. Besides 
these planMng-macliines, a “ battery ” (Fig. 817) is required, at which six men can work. In the 
centre A, is a lead-lined cistern, containing clean water, or acid and water, as required. The work- 
men have each a space allowed in front to work the hats upon. The battery can be used to plank 
hat-bodies complete to size, if the goods are fine ; or to stretch the hats from the planking-machines. 
Bach process being completed in this department, the goods are washed out in clean water, and 
afterwards passed between a pair of wringing-rollers, to get rid of the superfluous acid. Thus 
partially cleansed, they are gently dried in a stove fitted with racks on every side, as well as in the 
middle, leaving room between the narrow strips on each shelf for the heat to circulate over the 
entire surface of the hats. 
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Shyenin^r.— Stoving finished, the hats are ready for “stiffening,” a process requiring great study 
to produce good results. Each hood should be carefully examined, to discover any very thin ones 
that may have escaped notice. Should any be found extra light, additional stiffening will make up 
for it, if noticed in time ; but quantities of goods are hopelessly spoiled through careless examina- 
tion at this stage. The mixtures used for the stiffening process vary according to the taste and 
experience of the maker, and the class of work he happens to be engaged upon. The mixtures hero 
given will be found perfectly safe, if worked as directed. A number of large tubs, and several 
dipping-vats will be required for the operation. The first apparatus used will .be a steam-chest. 
Fig. 818, for reducing the “ proof.” 'This chest is double-jacketed, for the admission of steam to the 
interior. The inner part A fits into the outer, the joints being made good with iron-turnings and 
sal ammoniac, and the rim bolted on as shown. The tap at the bottom is useful for letting off 
condensed steam, accumulation of liquid in the jacket or steam-space preventing the contents of the 
pan from being brought to tlie boiling-point. The ground floor is the most suitable place for 
establishing this apparatus, as it often happens, through carelessness, that the proof or stittening 
preparations boil over. Much water is also required in this department, causing inconvenience if 
it has to be carried up stairs. It is impossible to insist too strongly upon the great importance of 
thorough study of the art of proofing, as upon it most largely depends the success and reputation of 
the manufacturer. A perfect knowledge of the nature of the materials is indispensable, while 
special chemical knowledge will more than repay any student who directs his attention to it. The 
complete ignorance of the workmen upon whom may depend the success or destruction of perhaps 
1000 doz. hats a week, renders it imperative upon the manufacturer to master the details of the 
process. It will suffice here to describe the important outlines, which, if followed, will at all events 
conduct to a satisfactoiy termination the proofing of the soft and hard felt hats that form the bulk 
of the general home and shipping trades. 

The first to be considered is the mixing of what is known as a “ water-proof,” for the stiffening 
of the common and medium woollen hats, intended to be of a black colour. Steam is turned into the 
proof-pan. The workman then weighs out 8 lb. rosin of good quality, 6 lb. gum “ thus ” (naturally 
solidified turpentine), 3 lb. borax, and 1 lb. soda. The borax is first dissolved in warm water in the 
steam-pan, and the rosin, thus, and foda, are then added. When these are quite dissolved, 30 lb. 
shellac (good “ garnet ” or “ button ” will do) is added, #,nd the whole is allowed to dissolve, 
being kept well stirred to prevent it adhering in lumps to the bottom of the pan. Special 
observation is needed to note the change in colour. A liTtle ex^rience will soon teach 
when to add warm water, which is done at first in small quantities, without relaxing the 
constant agitation of the compound. A gradual reduction is made in the temperature of the 
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water poured in, until cold water is received by the shellac without chilling it. The strength 
required will enable the workman to judge of the thickness of the mixture, for water should be 
added until it is within a few degrees, by Twaddel’s hydrometer, of the strength required to proof 
the brim of the hat, this being the strongest part. “ Letting-down ” the proof by water after this 
first process does much damage to it ; the grains of shellac resisting combination with the water, 
only a partial agglomeration takes place. A microscopical examination of the.mixture in the two 
states, the one just as it is let down in the steam-pan, and the other after being let down with water, 
will show that the latter, instead of being perfectly mixed with the body of shellac, is only partially 
held in solution. The fact that this second mixture may proof the brims and crowns of the hats to 
the right degree, as shown by the gauge, is not sufficient ; the hats may be completely ruined never- . 
thelesB. The secret of this lies in the fact that what ought to have formed strength will have 
evaporated in the stove, leaving the damaged shellac incapable of performing its office. When 
completed, the workman can test whether the mixture is good, by rubbing it between his thumb and 
finger : if sound, it will slip between them like glass ; whereas if broken by being chilled too quickly, 
the feeling will be gritty, and much like that of fine sand. A large, shallow vat must be provided 
before commencing the process. By placing across this a slab of wood, on which to fix a fine sieve, 
the proof can be emptied from the steam-pan, run through this sieve, and left until quite cold before 
using. As the wool bodies left in the stove are brought to the proofing-room, they should be 
allowed to cool thoroughly before being subjected to the proof. The “ dip,” reduced to the right 
gauge, is contained in a vessel shown in Fig. 819. Some hats require 60° Tw. in the brim, and 
30° Tw. in the crown. To manipulate the hats rapidly, two stools of this description are indis- 
pensable. The operator, standing at A, dips the hat into the vessel D containing the proof, or 
“ stiff,” as it is frequently designated, sufficiently deep to include the entire brim. When finished, 
he lays the hat on the slab C, and draws off the super- 
fluous stiffening by a strip of boxwood, about 1 in. thick 
at one end, and tapered down to a blunt edge on the 
other, and called a “ draw-block,” avoiding too heavy a 
pressure. On immersing the brim again, sufficient 
stiffening is imbibed, and the hats are taken into the 
stove, first reversing the folded edges. The draw-block 
removes any undue stiffening that may have been at- 
tached, and thus secures an even coating. The hat is 
then passed to the next stool, where the operator thrusts 
a short, stout stick into the inside of the hood, and 
plunges the hat bodily into the “ crown ” proof. Here 
it is saturated inside and out, giving a little time for 
it to absorb the preparation, after which it is withdrawn 
upon the stool, and all the superfluous stiffening is drawn 
off, as in the first process, and runs back into the dipping- 
pan. The hood is rubbed ou all sides with the bare 
hand, to destroy any patches of thick proof that might 
have escaped notice. Opening the broad side of the hood, and holding it by the crown, it is 
laid on the floor to set hard. So soon as the operator has accumulated a dozen, he rapidly 
sets them in the steamer for 20 minutes, and afterwards in the hot stove, for 60 minutes, to sharply 
fix the proof, removing them into the air afterwards to cool. They are then again ready for the 
steaming-cliest. Before proceeding to explain this process, it will be necessary to follow fine goods 
through the proofing department, as well as soft hats. In all dip proofs where the steam-pan is 
used, warm water can be employed to dissolve the borax, and this must always be the first process, 
before adding the gum thus and rosin. For a mixing of soft proof, weigh out i lb. borax, dissolved 
first in warm water, 3 lb. rosin, and 3 lb. gum thus ; dUsolving this, add 30 lb. shellac ; keeping the 
mixture well stirred, 1 pint linseed oil will be mixed in, pouiiug in a little warm water first, and 
“ breaking ” the shellac gradually until cold water can be added. Having brought it to the 
required strength, it is poured into a vat, kept for the purpose, for a couple of days before using, 
as it works much better after standing. The strength, measured by hydrometer, must be left to 
the judgment of the maker, for the felt for this class of hat is made of so many strengths that, 
while some require scarcely any stiffness, others need 5-10° Tw. in the brim — lees in the crown, 
as it is to be more pliant. 

The mode of dipping is the same as for hard hats ; less heat in stoving will suffice. 

Spirit Proofing. — Some account must now be given of tSe most popular preparations, both 
English and American, for the proofJhg of fine goods, technically known as “ spirit proofing.” 
The stiffening of these goods, likj that of all others, requires careful .attention on the part of the 
maker, in order to ensure good results. The climate in Which the hats are to be worn should 
influence the character of the proofing. The dampness of the English air demands a much ifarder 
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stiffening than is requisite in America. In the largest manufactories in the latter country, where 
fine hat-makicg, both hard and soft, has reached a very high state of perfection, the most favoured 
preparation is 20 lb. of orange shellac, dissolved in the cold in 5 gal. spirit (methylated or alcohol), 
in a close vessel, with repeated and careful stirring, to keep it from “lumping,” and sticking to the 
bottom. The vessel commonly used is in the form of a barrel or chum. When fully melted, the 
“stiff” is made ready for use by being thinned down by spirit. The strength is not ganged 
by hydrometer, but is judged by actual application by an experienced liand. A good stiff brush 
is used to put in the proof. Most strength is given to the brim, as in the first case. 

Another American proof, of a cheaper kind, for soft hats, is made in the steam proof-pan, by 
dissolving 9 lb. shellac with 18 oz. carbonate of soda in 3 gal. water. The soda is first gradually 
introduced, and is soon dissolved ; then the lac is put in, and stirred occasionally for about an hour, 
by which time it will be dissolved. The whole is then left for an hour or two, when it may be 
taken out and set to cool. It will be found better if allowed to stand for a few days after being 
made. When used, it is reduced by water, as explained in the first mixing of hard proof for woollen 
hats, the strength being 2°-10° Tw., according to the thickness of the felt. This mixture will be 
found very good for soft or semi-stiffened hats. It is the habit amongst some makers to add 3 oz. 
salt. The salt counteracts the soda, and the hats may be blocked immediately after being 
stiffened, thereby saving time, and dispensing with the use of the stove. The following mixture is 
esteemed by some English makers ; — 7 lb. orange shellac, 2 lb. gum sandarach, 4 oz. gum mastic, 
i lb. rosin, 1 pint solution of copal, and 1 gal. wood naphtha or methylated Sflirit. The lac, 
sandarach, mastic, and rosin are dissolved in the spirit, and the solution of copal is added last. This 
is rubbed into the body with a brush, like the former spirit proof for fine hats. The hats, both 
hard and soft, are placed in the stove at a temperature of about 82° (180° F.) if of wool ; less heat 
will serve tho purpose of spirit-proofed hats, and care must be taken lest they catch fire. Bringing 
the goods from the stove, a steamer is provided, which will hold two rows of pegs, on which to 
place them while undergoing the steaming process. This chest, Fig. 820, is composed of wood, 
about 2 in. thick at the sides and bottom, 
bolted at the sides with cross-bars to 
strengthen it. The figure shows the 
inside of the chest with the lid open. 

A strong fastening must be attached 
to the lid, to prevent its being lifted by 
the pressure of the steam, while the 
hats are undergoing the process, which 
lasts for 20-30 minutes. 

The lid A is raised by a chain 
attached to a pulley B, secured in a 
stout pillar, and enabling the operator 
to adjust the lid to any height by means 
of a balance-weight attached at the 
other end ; C is a row of wooden pegs, 
on which to hang a pile of hats, say 6, 

8, or 10, as required ; D is one of a 
series of perforated pipes for injecting 
the steam evenly throughout the chest. 

Placing hats on these various pegs, the 
lid is brought down and securely fast- 
ened, and steam is turned on for 20 
minutes. On opening the chest, the hats are taken by the taper end, and dropped singly upon 
the fioor to set until perfectly cool. When a sufficient number is accumulated to fill the hot-stove 
the goods (if for hard hats) are passed into this stove, and kept at a temperature of 82° (180° F ) 
for 6 hours, allowing the heat to gradually decrease from that time. In the steaming process, the 
stiffening is cleaned from both the outer and inner surface, by the equal pressure of the steam on 
both sides. It needs careful attention to avoid scorching the fibre, as this will destroy the peculiar 
gelatine inherent in the hair of animals, and which accounts for the fine softness of the finished 
article ; if once extracted, the latter is left wiry and harsh. This completely spoils its character 
and will explain a fact hitherto not generally accounted for, that the dry, harsh sensation is the 
result of this extraction of gelatine. In dyeing, the same care should be taken not to destroy it 
by boiling. After a thorough stovAg, performed iu a special apartment if possible, on account of 
the dangerous character of the work, all the goods are renfoved to the dye-house, where a number 
of copper pans are fixed for the reception of the hats, no other^material so welt withstanding the 
corrosive action of the acid accumulated in the hats. 

iyemg.—As the largest proportion of the hats are to be black, preparations are made to dye what 
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is required daily for the various departments. Some makers prefer pans wholly heated by fire, 
asserting that the liquor is not damaged, weakened, nor atfected in its nature the same as in those 
raised by steam. Others conduct the black dyeing in a large pan heated both by a steam-coil of 
copper pipe and by fire. If possible, a large room on the ground floor, with a good north light, 
will be very advantageous, and ample room must be provided for opening-out the hats singly, as 
this assists most materially in 

striking the colour very deep. 821 . 

For a large pan, a cage, as 
shown at B (Fig. 821), is made 
to fit inside the pan A, and a 
windlass is attached to lift the 
entire “ dye ” or batch of hats at 
once. This will save much time 
and labour. The dyeing of hats 
is much more difficult to perfect 
than the dyeing of ordinary wool 
for wearing and other purposes, 
where the surface of the fibre 
sustains no damage. In the 
former case, the dye must satu- 
rate the fibre intimately, or the 
colour will look very grey and 
dingy. The subsequent process of “sand-papering” seriously affects the surface, and requires 
the presence of nothing but free wool, dyed thoroughly through each fibre, or an even colour will 
be impossible. The dye-pan A (Fig. 821), is of stout copper, built into brickwork, and allowing 
room around the edge for the workmen to walk and agitate the hats in the process of dyeing. The 
cage B is also made of copper, to prevent active corrosion. The workman prepares the pan first for 
a batch, say 50 doz. of woollen hats, by extracting 90 lb. logwood in a warm bath ; the liquor is well 
stirred, and the goods are then immersed. The heat of the pan must not exceed 82° (180° F.) : 
boiling would cause harshness in either fur or wool, as previously explained, by extracting the 
gelatine. The goods are thoroughly turned, while the pan is kept at a regular heat. After 1 hour, 
they are removed, and each hat is spread out earefully to expose it to the atmosphere, this deepening 
the colour. They are then again placed in the dye-pan, and the process is continued for another 
hour. Previous to this second immersion, 15 lb. copperas and 3 lb. verdigris are added. After 
constant turning over during the second hour, the hats are taken out and laid singly on the floor, 
as before, remaining for about 20 minutes. A third immersion will complete the dyeing in a 
satisfactory manner, if due care has been taken. Many dyers allow the hats to remain for only 
40 minutes in the pan ; in fact, the shorter the time that the hats stand in dye, with due regard to 
colour, the better they will go through the final processes. A much favoured dye for common hats 
is to mordant them first in a weak bichromate of potash bath, separate from the dye-pan, and then 
to place them in the liquor. The use of copperas can be largely avoided by this process ; but some 
object to it, on the ground that the bichromate makes the wool hard and harsh. Yet many makers 
are able to bring back the softness, and commend the process. 

The following is a capital dye for fine hats, producing a good bright black, the quantities 
named being for dyeing 100 hats at one operation. Into a copper containing 55 gal. boiling 
water, put 9 lb. best liquid extract of logwood at 30 degrees, 4i lb. crushed cashew bark, 4i lb. 
sandal wood in powder, and 2J lb. soda crystals. Enclose the whole in a linen bag or wicker 
basket, so that they do not settle at the bottom of the copper. When the ingredients are dissolved, 
put the hats in, and allow them to boil gently for 2 hours. Then take them out and let them 
get quite cold. Now add to the bath, 3J oz. chromate of potash and 9 oz. sulphate of copper, and 
cool the bath by the addition of several pailfuls of water. Eetum the hats to the bath, and 
allow them to simmer for an hour. Again take them out, and let them get cold. After adding 
2J lb. sulphate of iron, put the hats in again, and let them boil gently for an hour. Should they 
have a red appearance, add to the bath another 2J lb. soda crystals. After these operations, the hats 
must be piled up, and covered with a thick cloth for a day ; then subject them to a vigorous 
washing, and eliminate the copper, using hydrochloric (muriatic) rather than sulphuric acid, as the 
latter always draws out the dye. When the copper is thus removed, pass the hats into cold water, 
in order to free them from acid. For the final operation, prepare a bath of Panama wood, just 
simmering, and place the hats in this for J hour. This balh sets the colour, and gives brightness 
to the felt. Upon taking them cwt, if soft hats, the water must be drained out of them by 
pressure. To produce a violet-black, the cashew must be replaced by the same weight of orchil. 
A blue-black is obtained by leaving out the catechu and sandal wood, and replacing them by 
4J lb. of orchil. For burnishing, the sulphate is replaced by 1 lb. 2 oz. sulphate of copper. If 
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a gieenish-black or dark-bronze tint is desired, the sandal wood mnst be replaced by 4} lb. iiqnid 
extract of Cuba yellow wood at 30 degrees. 

An American dye for best fine hats (12 doz.) is composed of 144 lb. logwood chips, or its 
equivalent in extract, 12 lb. green sulphate of iron (copperas), 7J lb. French verdigris, placed in a 
boiler, and heated to 88° (190° F.). During the operation, the hats are kept turned; when 
removed from the pan, they are exposed to the action of the air. When the manufacture is 
extensive, two boilers will save much time, one batch of hats being in the pan while the other lies 
exposed to deepen in colour. From 6 to 12 hours are required to complete the operation. The 
copperas and verdigris are added for the second bath. 

An English composition (for 36 doz. “ medium furs ”), mordanting first with the bichromate of 
potash, is 120 lb. of logwood chips, or the equivalent of extract, 4 lb. verdigris, 12 lb. copperas. 
The process is conducted as before. To dye soft goods, more logwood will be required, as the hats 
absorb more ; and it should be noted to give more for extra weight of material in all cases, and 
that the strength of the liquor be kept up, or bad dyeing will result. Should the boiler become 
foul, it can be cleaned by using about 2 lb. of whiting and a little urine. The goods on removal 
are all washed out clean in hot water first and cold afterwards, when they will be ready for 
blocking. 

Blocking . — All the goods are removed after dyeing to receive shape at the hands of the 
“ blocker.” A ground floor is necessary for this purpose, and good drains must be provided to carry 
off the large quantity of water used. Steam pipes are laid on to a battery, similar to the one 
described under the head of planking, allowing 4 men at each. A small bucket containing cold 
water is placed on the right, and the left hand holds a block of the shape and size required in the 
finished hat. Steam is turned into the centre cistern, filled with clean water, and heated to 88° 
(190° F.). To make the felt more pliant and elastic, sometimes a little meal is mixed with the water. 
Unprincipled workmen, to secure this end, will surreptitiously use alkalies. By this, the work is 
damaged in dye and stiffening, showing a whiteness after standing for some time in the finished 
state. Two hats are plunged into the hot water by each workman, as one can be made pliable for 
working while the other is in process ; but not more than two should be in the water at once. 
Lifting one hat, the workman will pull out the tip, or “ unbutton ” it. If this is effected 
thoroughly, the crown wUl stand sharp in its mould, so long as the stiffening holds good in wear. 
Should this operation be badly performed, the hat has a tendency to go back to its original shape, 
as seen when coming from the “ former,” before planking ; and in the trimmer’s hands, it wiU 
frequently occur that when she puts in the lining with a little flour paste, the hat will spring out 
of shape, spoiling the article after all the cost of trimming has been incurred. Taking hold of the 
brim whilst hot, having first placed the block on a pivot so as to raise it about 4 in., the workman 
thrusts it vigorously down evenly on all sides. Passing a draw-band around the extremity of the block, 
he turns up what forms the brim, running the cord down on the flat portion of his battery, lined 
with copper, which retains the heat longer and assists him better in his work. With a small brass 
runner, grooved to fit the cord into its place, he immerses the hat bodily again in the hot water. 
Holding the brim firmly with one hand, he breaks it with the other, using his thumb as the fulcrum, 
and removing all the creases, until, from the cord to the edge of the brim, the hat is quite flat and 
without ” puckers” round the outer edge. Loosening the draw-cord, the hat is lifted from the block, 
and thrown into cold water to set. This process is applied to all kinds of hals, hard and soft. 
Other means are employed if hand labour is dispensed with ; and of late years, both in America 
and England, great efforts, with vaiying success, have been made to supersede this most laborious 
branch of the trade, as the workmen’s hands, by severe scalding and pulling, are frequently 
disfigured, and the work is not adequately executed. In America, machines are used for breaking the 
brims and opening the tips, for common goods espechilly, and are occasionally also applied to fine 
goods ; but the risk is so great in this class of work that it is not advisable to resort to the plan 
until care and experience have proved its complete adaptability. For common woollen goods and 
soft hats, it may be used with safety, if care be taken to work the goods through hot water, and to 
commence the strain from the centre of the tip, until open to the width of the block. The brim- 
breaker must be worked in the same manner, the hats being taken from the hot water. As this 
machine acts with a motion much like the opening of an umbrella, it will be understood that it 
strains the edges of the brim, but should the brim be kept in one position during the operation, or 
be pressed too far between the brass fingers, the marks will be seen after the goods are finished, 
and will completely spoil them.' The only safe method is to press the brim gently, raising the 
fingers of the machine, and moving the hat just so far as to take under pressure the portion 
hitherto unstrained ; by this means, th# whole brim is evenly broken, and made ready for blocking. 
Many forms of this machine have been partially perfected, tlfe most successful being one in which 
the hat-block is placed upon a central spindle, from which radiat^ ribs, the same as those of an 
umbrella. Notches are made on the extremities of these ribs, which are jointed so as to produce a 
partly Iforizontal motion, whilst fingers clip the outer edge of the hat. The machine is adjustable 
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to any width of brim. Upon a shaft above the block, is attached an iron ring, having the shape 
and size of the average blocks to be used, and working on a loose swivel. The ring performs in a 
less effectual manner what the haud-blocker effects by his draw-band, making a close and firm 
band where the leather of the bat is placed. Taking the hat from the hot water, the workman 
presses it over the block, seizes the outer edge with the fingers of the machine, draws it to the 
width of brim for which the machine is set, and brings down over the block the iron ring to form 
the band, when the blocking is considered complete. Many points require consideration before 
adopting these machines. For first-class goods, they cannot compete with well-trained hand 
labour. For medium and common soft and hard goods, where every convenience is at hand, and 
with workmen who can be depended upon to watch carefully that all the hoods are of one size, 
rejecting any that are nut uniform in this respect, they may and are being worked successfully. 
But for a small output, and where the other requisite conditions cannot be complied with, it would 
not be advisable to adopt them. Where these machines are successful, ten times the amount of 
work can be performed as by hand labour. 

Staving . — The next department is the stove, where all blocked hats are taken to be gently dried. 
To retain the shape is the great desideratum in this process. If too hot, the hats, being wet, 
are reduced too quickly by the heat, and, being loaded with water, steam rapidly, and fall in 
shape, thus destroying all that the blocker has done. Having dried the hoods, it is requisite to 
strengthen the hard hats. This is effected by taking a small brush, and again pasting on a thin 
coat of proof, in the inside of the tip as well as the sides, to assist in retaining the shape. If the 
crown is very sharp and flat, it will be necessary to insert a thin layer of calico, stiffened with proof, 
and cut round like the crown. This, in pressing, fixes the crown firmly in its place, and holds it 
tight. With common woollen hard hats, it is usual to pass the outside oyer a rose gas-jet, to singe 
the long nap, placing them to damp a little in the air. Singeing is not admissible for soft hats ; 
they are much improved in quality by lying in a cold, damp cellar for some time before using. 
Hats that are pasted must again be taken to a low stove, to dry the paste before being removed 
to the stock-room. The best method is to assort all the hats, both as to shape and size, on taking 
them from this stove, that the operator in the pressing department may take all one sort required 
for his orders to press at once, thus saving considerable time and labour. 

Pressing The next process for hard hats, and in many cases for soft ones also, is “ pressing.” 

A ground floor is moat suitable for this department, as heavy pumps, retorts, presses, and dishes or 
moulds, are required. The most refined taste is demanded in selecting shapes suitable for the 
Various maikets. Having decided upon the shapes to be made in hard hats, blocks are turned in 
wood, two sizes, and sometimes three sizes, larger than the pattern hat. The moulder casts the shape 
in iron, called a “dish.” Not more than one should be made of each shape decided upon, for it 
frequently occurs that alterations are necessary, and that these first attempts are useless. On 
receiving the dishes from the moulder, each should be examined first for blown places in the casting ; 
if any of importance are detected, they should be rejected at once, because a great pressure having 
to be put upon them, 200 lb. a sq. in., or even more, any flaw will be forced open, thus causing 
expense and delay. Secondly, the oval and size of each dish should be ascertained to be correct ; 
and lastly, each di»h, being ground and glazed internally, requires great care in testing the even- 
ness of the grinding. Should any inequality occur, it will be clearly shown on each hat, and damage 
the general appearance when finished. It is important that the dish should fit dead to the under 
plate in the press. This can be decided by placing a straight-edge across the inner ring of the press 
upon which the dish rests, afterwards applying it to the back of the dish, wdiich is turned to a flat 
surface. If it is round, or “ hump-backed,” the first trial of the pressman will break it into pieces. 
The same thing will occur if it is turned out too hollow. What is desirable is a solid face, if the 
dishes are to stand the constant strain put upon them. Finding all correct, a slight mark at back 
and front, to indicate the exact centre, will be found of great service in giving the trimmer a certain 
guide in fixing in the hat tip or lining, for nothing looks more slovenly than to have the stamp or 
name on the lining crooked. Each selected dish will have its size plainly marked on, or large 
figures may be cast in the outer skin of the dish. The selection of a substantial pair of pumps, with 
a capacious overflow cistern, will greatly assist in turning out a regular quantity of work, many 
makers being imposed upon in this respect, by machinists advising the use of pumps much too weak 
for the purpose. These must be secured solidly upon a stone or concrete foundation, screwed firmly 
to the same by socketed into the masonry. At a short distance is fixed a stout iron retort, 

6 ft. high, and 2 in. inside diameter being the most useful size. A supply-pipe connects this retort 
with the pumps, beside a corresponding one to return the oierflow. Above the centre of the retort 
is a pressure-gauge, for indicating t%the presser the exact amount of pressure being exerted upon 
each hat. The press is also connected by a feed-pipe with this retort, and an oveiflow pipe to return 
the water, before releasing the pressure from the internal indiarubber bag. A stove, heated by fire 
or steam, is arranged as near a& possible to the press. If used as a fire-stove, a central strips, which 
divides it into four compartments, is dispensed with, using merely a square chest with wooden ribs. 
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forming a shelf across the centre. Hazel sticks laid across are strong enough to carry the weight of 
the-hats. A solid shelf would burn the hats, and destroy itself quickly. This fire-stove requires 
the utmost attention on the part of the workman, to keep it at such a heat as will merely soften the 
proof or substance of shellac, without drawing it to the surface, or the work is at once damaged. 
On pressing the two hats, for no mure must be placed in the fire-stove at once, the wooden cross-pieces 
are removed and cooled in water, or it will be foimd that, at the points where the hats have rested, 
the intense heat has drawn the shellac. This fact has brought the steam-heated stove or “ baker ” 
into use wherever there is a steam supply. This stove is composed of an outer jacket, as well as an 
internal case, divided into four equal compartments, and leaving a steam space between the inner 
and outer cases. The joints of the steam-chest are made good by a series of bolts, and luted with 
iron-turnings and sal ammoniac. Immediately adjoining, the chest is connected with a steam-trap,' 
to keep it free from condensed water. For safety, cast-iron should be rejected for this structure, as 
under a strong direct boiler pressure it would be most dangerous. The cost will be a little more to 
construct the outer shell of boiler-plate ; but safety should be the first consideration. The inner 
chest may safely be constructed of cast-iron. There is no danger of burning the hats in this 
arrangement, as in the one heated by fire. Four hats can be .under operation at once ; the operator, 
removing the one longest in the oven, presses this first, replacing it by another, to keep up a constant 
supply so long as he requires to continue pressing. 

Many firms press all soft hats the same as hard hats, obtaining a much finer finish by the 
process, although losing thickness in the feel ; still this even, thin consistency is much esteemed 
in some markets. The pressing of soft 
hats is a little varied from the treatment 
of the hard ones. Goods of the size wanted 
are selected from the damping-cellar, and 
given time to dry by opening them out 
singly. By a pipe carried into a chest 
underneath the dish, steam is admitted to 
heat the dish in which the hat is going 
to be pressed, which makes a much finer 
surface. The dish must never be allowed 
to get too warm, or it will “ punish ” the 
goods considerably, and disappoint those 
whose expectations have been raised by the 
repute of this process. The apparatus is 
shown in Fig. 822. 

The hat, hot from the steam-oven, is 
placed in the dish D. The lever A is 
brought down to a level with B, and the 
strong spider F is locked in the lug G. 

E is a strong pipe through which water 
from the retort is forced into the india- 
rubber bag C. The machine being locked 
the full pressure of water is allowed to 
force itself against the inside of the polished 
dish, giving the felt the exact form and 
surface of the pattern inside. On shutting 
off, the water from the inlet pipe, the outlet 
is opened, drawing the water from the bag, 
thus freeing the hat from pressure. The 
press is opened, the hat is removed, and the process is repeated. When properly completed, the 
hats are ready for the “ finisher. ” 

Finishing. —Any room with good light will be suitable. In it are fixed a row of “ finishing ’’-lathes 
A B C, as shown in Fig. 823. These are driven from B, giving motion to the upright shafts F, by 
pulleys G H. The underside of the pulley H is covered with leather, to increase the friction, and 
produce steadiness. The lever E when out of gear raises the pulley H, and, by destroying the 
frictional contact, stops the machine. The face-plate I, keyed fast to the upright spindle, has 
screwed to it iron pegs, on which to fix the wooden block having the form of a hat when pressed. 
On the outer edge of the table that c»ries these finishing-lathes, iron plates, similar in outline to 
half the side of a hat, serve to finish the underside of the b^m. Turning the hat with one hand 
and sand-papering with the otiier, a fine surface is produced, on completing which, the hat is placed 
upon a block on the pegs on the face-plate I. The machine is then^et in motion, and after brushing 
the hat*with a stout bruoh, the finisher gently applies the sand-paper to the upper side of the brirn, 
side, and crown. The block performing an uneven circle from its oblong shape, demands a nice touch 
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in applying the sand-paper, otherwise the shoulders of the hat will be shaved bare to the proof, the 
work being spoiled in consequence. The hat is taken from the block, finished by sand-paper with 
the hand along the sides and crown, and placed again upon the block. Velvet and moleskin velures are 
nsed : the velvet one, moistened with water, is placed upon a hot iron, to convert the moisture into 
steam ; this is applied to the outer surface of the hat, after which, the moleskin, or another velvet 
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velure heated on the iron, is again sharply applied. The machine is set in motion after complet- 
ing the side of the hat, to bring the crown to a regular even polish, finishing the underside of the 
brim on the brim-plate. “ Wools ” and fine goods are treated in the same manner. To finish soft 
hats, a different method is resorted to. Before they can be either pressed or finished, a steaming- 
bench is used. The block being shaped to the design ordered, the finisher draws the hat over the 
block, covers it with a tin cap, and softens it by steam. Putting the block on what is called a 
“ spinner,” the hat is drawn down, until the tip is free from puckers, a cord or draw-band securing 
the hat to the edge of the block. Leaving it to cool, another hat is treated in the same manner, 
and then removed to the finishing-lathe, to pass through the same treatment as the hard goods. 
If desired, these soft hats can be pressed after this process, when the surface is made very much 
finer ; but they are not pressed until all the damp acquired in finishing has gone off, for if subjected 
to pressure in such a condition, it will be found that the bodies, when pressed in by the hand, have 
their felt opened, and look much coarser than before. Soft hats are rounded in the brim, i. e. cut to 
a size, by a gauged knife, shown at P, in Fig. 828. 

Another kind of hat is the “ half-stiffened,” or “ frame ” hat, so called from the shape of the 
brim, being obtained from a wooden or tin frame, made to the style of curl required. The hat in 
such a case is placed under steam, like the soft ones ; the brim is pulled wide to cover the frame, 
and a draw-band is firmly fastened round a groove made in the frame, to determine the shape of the 
curl. Thrusting tlie hat down the centre of the frame, the block for shaping the crown is forced 
to the tip by a screw in a small iron frame upon which the hat and block rest. The underside of 
the brim is then sand-papered, before removal, which must not take place before the hat is cool. 
The finishing-lathe may then complete the hat, as in the other kinds. 

Should the soft hats not be pressed, they will be cut to the width ordered, and curled, either by 
hand, or by a machine worked by the engine. If finished by hand, use is made of a wooden or 
metallic gauge Q, Fig. 828, with a steel cutter sliding out to any suitable diameter. Drawing the 
finished hat over a block, and adjusting the latter upon a cutting-board, the knife a is thrust 
against the hat. Holding the block firmly with the left hand, the right moves the cutter round the 
hat, paring it clean and level. By inserting a stout cord or leather strap under the edge, turning 
just sufficient of the felt over this cord with the left hand, and following it closely with a hot iron 
in the right, half the circle is completed. By turning the block round, the remainder of the curl 
is finished. The iron must not scorch the felt, as neither the curl nor the binding of the hat will 
cover it. Should it occur, the effect may be removed by scraping with a knife and steaming 
afterwards. The hat is then ready for the trimmer. 

Trimming and Shaping.— The hard hats coming from the hand of the finisher pass to the shaping 
department, to receive various treatment, according to the style of curl r^uired in the 
Should the hats be of common wool, many improved machines are now used in the best establish- 
ments to supersede skUled labour. First, the style known as “ plain shape,” i. e. a hard hat having 
the brim cut to the size, simply receives a binding, sewn doTO with an ordinary Thomas sewing- 
machine, having the leather and lining sewn in previously. The so-called “ Angles^ curl ” needs 
different treatment. However, both slyles must first be cut in the brim. To obtain a fine light 
appearance, the shoulders on the back and front of the hat are cut narrower than the sides 
and front If good judgment be displayed in this process, the value of the goods will be much 
increased. The useful and simple machine shown in O (Fig. 828) effectually perform? this 
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operation on both fine and common hats. The machine is firmly fixed on a bench. The 
plate a is shaped to snit the style, giving the exact width on the shoulders ; h holds the hat 
firmly by expanding in four parts, the circle being completed by a strong indiarubber band, which 
adheres firmly to the inside of the hat, and is held in a state of tension by the lever d, drawn round 
a ratchet-wheel and locked by a catch ; c forms a double lever, with a hinge that allows it to be 
lifted from the lower part, which is slotted out and marked off in inches, thus making it adjustable 
for any width of brim. Underneath the upper half of tliis lever, is a small cutter. After setting 
the machine, the hat is fixed firmly, as described, by lifting the upper portion of the lever, so that 
the brim of the hat rests upon the lower. The top lever is then pressed down, forcing the cutter 
through the felt. At e, are fixed two small pulleys, grooved to fit the edge of tlie plate a, running 
loosely round it. The operator draws the plate a with the left hand, and holding it stationary with 
tiie right, pulls the lever/, connected with the lever c above, and thus evenly cuts the entire brim. 

If the hats are rounded for plain shapes, they are at once sent to be trimmed. Those intended 
to be shaped and bound by hand go to the shaping-room for roll curls. The shaper cuts a piece of 
swans* -down in a half circle to fit half the hat-brim, and puts this over the brim, wetting'it with a 
sponge, ironing round the outer edge, aud curling it with a tool similar to H (Fig. 827). With 
a chisel or small plane, he shears the edge, to produce a smart appearance. When a dozen of the 
assorted sizes are complete, they are forwarded for trimming. 

The “ flat” or “ Anglesea’’ curl is the next in importance, and is the most popular curl used in 
hard felt hats. It can be pulled up as in the last process by a hand tool, and ironed fiat on the 
outer edge to a sharp angle, the securing of which should be the first object, whether by hand or 
by machine ; if the operation is badly performed, and a thick edge is left, that which should be 
effective and light in appearance looks clumsy, and more like the former curl spoiled. The 
shaper conducting this operation by hand pares the curl to in. on the centre of the sides, 
running it to ^ in. in front, with a clean even sweep of a chisel or plane. This finishes the curl, 
and the hat is ready for the trimmer. Hand curling is used mostly for very fine work at present, 
and for silk gossamer-body hats. But where price and quality are considerations, the following 
processes can be used without skilled labour, and wiU give fair results, besides saving at least five 
men’s labour in pressing the curls. The press shown in Fig. 822, and described under the head 
of “ pressing,” p. 1115, is worked as previously explained, only instead of a dish, D is a mould, 
constructed in the form of a curl. The hat must have the shellac or proof softened, as by a hot 
iron, which can be done in the brim-heating apparatus. Fig. 824. The brim in A is heated ; the 



to produce a sharp edge. A press of similar construction is now in use to produce a feather- 
edoe, without ironing ; it works very satisfactorily for medium and common goods, but after such 
pressing, the curls must be raised by a thin wooden or metallic plough to the angle desired. 
Cutting the curl to size, the hats arf ready for the trimmer. 

A very elaborate machine, working by hydraulic pressure, and following the lines pursued by 
hand labour with the hot iron, is shown in Fig. 825. The drijing-pulley E gives motion to the 
upright spindle P. Firmly fixed above the top step, runs a face-plate B, dished out to receive a 
Bun^n ring, having the exact form of the hard hat whose brim is to receive an Anglesea or flat 
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curl. A boy can readily be instructed to attend to the machine. The rings are made to suit 
each size- of hat, and may be adjusted in succession to the same face-plate. On the extremity 
of the spindle F, is secured the expanding block A to fit any size of hat. By dra-wing 
back the handle D along the compound slide H, the hat is free to rest upon the sunken ring. 
Having cut the brim to an approximate size, the two slides attached to the lever C are moved 
forward to the edge of the felt that is curled over into the sunken ring, for G is so constructed as 
to double the felt over, and being heated by gas, effectively irons down the whole of the curl. 
Pressure upon the hot iron is regulated at G. D being used to follow up the curl until completely 
sunk into the mould or sunken ring, A revolves, turning the hat with it, while G remains stationary. 
The shape of the hat being oval, presented a difiScnlty in attempting to iron it down by a circular 
motion, but this was overcome by a cam, enabling the iron G to follow the exact course of the oval, 
by means of the compound slide. The machine is complicated, and is expensive to work so far as 
quantity is concerned. The rings are required to be of all widths and sizes, and the apparatus is 
suited only to the requirements of a large manufacturer. The small macliine illustrated at D 
(Fig. 827) is one of the most useful heaters for curling plain shapes. Three of these form a set, 
the circles of each being so designed as to take in several sizes of hat. Under the steam-chamber 
a, is placed a strip of felt, and the same on steam-chest 6, to prevent the binding of the hats being 
scorched. Each chamber has an indeepudent steam connection, which requires to be provided 
with a steam-trap, to prevent any accumulation of condensed water. It is further advisable to 
have the connecting pipes of such length and construction as will allow of an expansion of a couple - 
of inches. Tlie half of the hat-brim to be curled is put between the lips, as it were, of these two 
chambers, so far as to cover just the width to be heated. A foot-lever is better than the hand- 
lever d. The lips are pinched close, and the hat when hot is taken out and curled. Very much 
time is saved by this process, as one hat can be heated whilst another is in work, at the same time 
doing away with all ironing, and making it easy for juvenile labour. The best way of using the 
machine, is to make the working bench level with the top side of the steam-chest b ; by this means, 
the hat, resting flat upon the bench, can be moved directly into the aperture. 

The curling finished, the hats are ready for the-shaper. As the bats require trimming, it will ■ 
be convenient first to follow that process, reverting to, this department when finishing the shaping 
of the brim. In large manufactories, a considerable number of females are employed to trim the 
goods, as both hard and soft children’s and ladies’ hats demand a delicacy and lightness of handling 
only to be obtained by female labour. A commodious well-lit room is requisite for the fineness of 
the work. The hats being assorted in regular sizes, the trimmer is supplied with the leathers, 
linings, bands, and bindings, with paper or underlining, as the case may be. These she places 
upon the hat, lashing in the leathers, being specially careful not to apply too thick a paste around 
the tops of hard hats, for this has a tendency to make the crown give way in shape, destroying all 
the previous work, and rendering the hat almost valueless. The markings of the press dishes 
are very useful to the trimmer, enabling her to determine the exact centre of the hat. The 
whipping-in of the leathers evenly in the stitches adds much to the character of the work. In 
measuring out the bands and bindings, a person of great steadiness and firmness is required, so 
that all odd scraps of silk, &c., are used up, and no more than the exact measure given out, other- 
wise what has been calculated upon as a profit may be more than lost in this department. Tickets 
or size labels are gummed on to each hat. Those requiring bindings, such as plain shapes or soft 
hats, can be bound by Thomas’s machine, or fancy-stitched on the band and binding. The most 
approved method is to drive all the sewing-machines by steam, for they are then more evenly 
worked than by treadle. 

Soft and half-stiflened hats are completed in this department, except brushing and veluring. 
Hard hats are returned to the shaping-room. 

While the operation of curling the hard hats dealt only with the outer edge of the brim, the 
final one of shaping alters the whole surface. Great experience and refinement of taste can alone 
ensure satisfactory results. A good light, to enable the shaper to place his work against it, so as to 
make the lines strike sharp and clear to the eye, is an essential. He places 3 or 4 hats on a steam- 
chest, heated to soften the shellac of the proof once more ; when sufficiently soft, the hat is pulled 
a little at back and front, and by resting the crown on the bench, the workman uses his thumbs to 
break the band of the hat all round the leather. Pulling in the curl from the shoulder on the 
extreme edge, and following the curl up to the body of the hat, prevents any further contraction 
taking place. Should the work be scamped in this respect, the hat is almost certain to lose its 
shape, and look very slovenly indeed. With a flat dummy, the back and front of the brim are 
worked even and straight ; a plough is used for the upper%ide, to blend the curves on the sides 
when the hat will be finished. • 

Veluring . — The last process before packing is “ veluring,” after the hats have cooled. This is 
best conducted, as is also the packing, in a room free from dust. Good bench accommodation is 
provided, with a range of veluring-lathes (Fig. 826), of similar construction to the finishin|:-lathes, 
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driven by engine power. The hats being fixed npon the lathe, the finisher applies a velvet pad ; 
first brushing the dirt from the hat, then damping the velvet, and steaming it upon the gas-stove B 
(Fig. 827), he starts 
the lathe, pressing the 
velure upon the tip and 
sides of the hat, and 
afterwards applying a 
hot velure to give 
polish and an even 
surface. Tinder the 
brim, he proceeds in 
the ®ime manner, and 
this completes the last 
stage of the manufac- 
ture of both soft and 
hard hats. 

In this dejiartment, are conducted the boxing and nesting of the hats, in order that no 
indentations may be made on them, for being placed one npon another and handled roughly 
is sure to cause damage. The aides of the brims need protection, otherwise the motion 
backwards and forwards would “fridge” the brims, and on reaching their destination, the 
hats would be found unfit for sale. The sizes should be marked plainly on each parcel or box, 
to correspond with the invoice, and a careful register should be kept of every particular of the 
hat, e. g. colour, brim, curve, band, binding, &c., to ensure exact compliance with orders. 

Supplementary Jiemarks . — Having completed the description of each process as ordinarily con- 
ducted, it will be well to supplement it by a few very important hints, which may lead to beneficial 
and profitable results. For instance, the fulling-stock may be made the vehicle for dyeing or 
staining all fancy colours, as drabs, beavers, slates, mouse, tan, rosy drabs, and many others. Some 
makers partially dye, and then complete the staining in these stocks. A useful beaver stain is 
made of IJ lb. copperas and 1 pint iron liquor (pyrolignite of iron) diluted with boiling water, 
4 oz. Hofmann s aniline blue, and 4 oz. indigo extract (free from vitriol, or this will turn it green), 
for 1 doz. hats. Another good beaver brown for the fulling-stocks, for 24 doz. 3-oz. bodies, is 1 lb. 
common graphite (blacklead), 3 lb. Venetian red, 1 gill indigo extract. A cream-colour for 
24 doz. 3-oz. bodies, is 2 lb. red-lead, 2 lb. common terra castle, 2 gills indigo extract in liquor* 

3 gills orchil. A fawn-colour for the same hats is lb. burnt sienna, ground fine, f lb. burnt 

i gill orchil, J gill indigo extract in liquor. Mouse-colour: 3J lb. common graphite 
(blacklead), 2J lb. best terra castle, 2| gills indigo extract in liquor, 4 gills orchil, 8 oz. red-lead. 
An ordinary drab for soft hats : | lb. common graphite, f lb. best do., 3 gills orchil, 2 gills indigo 
extract; put the graphite into a pan, cover with water, and let down with sulphuric acid at 
30° Tw. Light beaver: 2 lb. red-lead, 1 oz. indigo extract, 1 lb. common graphite, 2J lb. terra 
castle. Kose : 2J lb. commmou graphite, 2 gills indigo extract in liquor, 5 gills orchil. Slate : 

4 lb. common graphite, 4 gills indigo extract, 3i gUls orchil. Cinnamon : 3| lb. red-lead, 2i lb. 
best terra castle, 2J oz. picric acid, i gill indigo extract, 3 pints orchil. The picric acid is first 
dissolved in hot water, and the other ingredients are added . 

General Hints . — To give the best results in fine far hats, all the hoods should be shaved on a lathe 
before proofing. Many of the best makers assert that this cla.s8 of goods will retain better colours 
by being mordanted before placing in the logwood bath. 

During the last two years, a demand has arisen for a class of goods for ladies’ wear that had not 
been in demand for 30 years. Many of the old hands had died oft’, and only a few very far advanced 
in years could be found to teach the rising generation a process that had almost passed into oblivion 
in this country, viz. roughening or “ napping.” In this process, after the ordinary body has been 
proofed, a woollen or fur body will serve the purpose, a long nap of beaver, otter, nutria, or hare fur, finer 
than that of which the body is made, is selected ; J oz. more or less of the uncarroted article is weighed 
out, being sufficient to cover the whole outside surface of the hat. Taking this with perhaps a oz. 
of cotton, the two are completely mixed, either by the “hurdle,” or by any other suitable process. The 
two materials completely blended are laid out upon boards, as evenly as possible. The cotton is used 
merely to enable the workman to handle the fur, which otherwise would be too thinly spread, and 
so attenuated of itself, as to preclude its being lifted. This mixture is laid upon the body wet, at the 
side of the planking-battery. A little water is sprinkled over it, and it is beaten down with a brush. 
The hood is taken up carefully with this thin coating attached, is lapped up in a piece of woollen or 
coarse horse-hair cloth, and operated upon lightly, and nearly-the same as when planking a body. 
The principal object to be attained is to get the fibres of the fine f^ to penetrate the body of the 
coarser foundation, and take root, as it were, therein. Much experience and care are demanded of 
the workman at every motion of his hands, to make the points of each fibre of fur penetrate the body. 
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So soon as it obtains a secure entry, the fur constantly advances, until after repeated rolling, folding, 
dipping in hot water, tossing, and unfolding, it separates itself from tlie cotton. By this motion, 
the fur gradually obtains a firm lodgment in the solid felt body, leaving behind the cotton, with 
which it was mixed at the commencement, loose and valueless. The workman who has not had 
much experience in this class of work may continue the planking too long, until, in fact, the fur 
works quite through the body, and is lost. Note should be taken that, in every process of planking, 
the water, though hot, should never boil. 

Figs. 827 and 828 show a number of the tools and appliances used in making both felt and 
silk hats; they are as follows : — A, box-iron for silk hatters; B, gas-stove for veluriiig both felt 
and silk hats ; C, brim-heater for shaping curl ; E, brass for curling brim ; F, draw-board for 
proofing ; G, another form of brass for curling ; H I, hand-moulds for making fine curl to front of 
brim ; J, dummy for laying the nap of silk hats, and securing roundness on the half-block ; 
K, seaming-block for silk hats ; L, hand-plane for paring or cutting the curls before binding ; 
M, cutting-board ; N, brim-iron ; O, rounding-machine ; P, rounding-gauge ; K, brim-stretcher ; 
S, brim-brush ; T U, split stretching-blocks for silk hats ; V, steel measure for soft felt hats ; 
W, steel head-measure; X, wire card, chiefly for silk hats; Y, wet brush for felt finisher; Z, large 
proof-brush for silk hatter ; A', whalebone gauge for caps. 

Silk Hats. — The manufacture of the “ silk ” or “ Paris napped ” hat was commenced in 
England about the year 1835, and became fairly developed by 1840. Being so superior in appear- 
ance to the old “ beaver ” both in style and finish, it soon won public favour, and became generally 
adopted. But however great an improvement it was upon its predecessor, its introduction was 
not an unmixed benefit. Although the wearer became possessed of a more graceful-looking hat than 
previously, the workmen were placed in the unfortunate position of having devoted seven years to 
acquiring’s trade which they now saw was rapidly declining, and eventually doomed to become 
extinct. The processes of manufacture not being at all similar, the difficulty of merging the one 
trade into the other was insurmountable to the majority, and many spent the remainder of their 
lives in the poorhouse. 

It is unnecessary to describe the various early methods employed in making silk hats. At first a 
felt body covered with a long-uapped plush was used ; then a body made of woven “ willow grass,” 
stifieiied with paste. Soou the short-napped plush was introduced into this country from France, 
by some French woikmen who had been brought over for the purpose of teaching their mode of 
manufacturing silk hats, and being found so much more suitable, it displaced the long naps, and 
has been continuously used in various qualities from that time. Shortly after the Paris silk plush 
was brought into use here, a new and improved body, made upon an entirely new principle, and 
from altogether dilferent materials, was invented by a workman, and was at once adopted generally. 
It is the same as that universally in use, and known as the “ gossamer body.” 

Silk hat making is divided into three branches for male labour : body-making, finishing, and 
shaping ; and two minor branches in which women are employed ; crown-making and trimming. 

Body -mahing.— 'She first process, and by no means the least important, is the body-making, as 
unless the body is well made, it is impossible that durability can be ensured. A length of calico is 
dipped into the “ cougle,” or solution of shellac, and allowed to become thoroughly saturated. It is 
then taken out, and diawn through the half-closed hand to express superfluous cougle, and is next 
stretched upon a frame, shown at H, Fig. 829. Another length is served in the same manner, and then 
placed upon the frame over the first piece ; the workman finally presses them tightly down upon the 
pegs of the frame, and with his open hand rubs each surface of tlie calico untd both are in direct 
apposition, taking care that no blisters, or air bladders, are left upon any part of the surface. Only 
two substances or pieces are usually put upon the frame when required for the crown, but for brims 
it is necessary (when it is desired to have them prepared upon the fmrae) to take a stouter calico, 
and stretch it upon the frame first ; then a still heavier make, a “ twill,” is put on second, followed 
by a third piece of the same substance as the first, precisely in the same manner as described for 
the crown frame. The frame is then put into the drying-room, and allowed to remain until the 
calico upon it becomes quite dry and stiffened. 

When the prepared calico is ready for use, it is taken off the frame. That intended for crowns is 
cut into strips of 8 in. wide, these being sufficient to make J doz. crowns and tips from one frame. 
A block of the required shape and size is then taken, and a strip of the prepared calico is cut to the 
required length, just to go round the block tightly, with i in. to spare to lap over and form the 
seam. The two ends are then just lapped, placed upon an iron bar, and next ironed with a hot iron, 
after which a “dummy ” (a small flat iron), used cold, is pre^d over it in order to fix the seam. 
It is lastly damped, and the block G, Fi^ 829, is put into it, a piece at a time, first the back and front, 
then the side pieces, and the middle piece or “boss” last. The boss being forced in, the block 
assumes its shape, with the gossaftier stretched tight around it. The seam being brought about 
J in. to the back of the gossamer, is left above the tip of the block ; it is ironed flat, and is^hen 
ready for receiving the “ tip,” which is a piece cut off from that which forms the si le crown. This 
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is ironed to the rim, turned over from the side, and fixed tiiereto. A thin strip of calico stifiened 
with spirit yamish, and called a “ robin,” is next ironed on to the edge of the tip. A piece of 
nnstiffened calico or muslin is then placed over, lapping oyer the crown and tip about | in., the side 





crown is brushed over with cougle, and just lapped at the side, (he tip being coyered in the same 
manxsr, trimmed close to the block, and put into the drying-room to remain until thoroughly hardened. 
The block is made from well-seasoned wood, alder being mostly used. It consists of five pieces, and 
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is turned in a lathe to the shape required. The crown being dry, it is made ready for receiving the 
brim. The block is taken out, removing the middle piece first, and bending the sides inwards ; a 
thin piece of bone or hard wood, about IJ in. wide, called a “slip-stick,” is passed between the 



block and the crown, to free any part that may have adhered to the block. A shell made of felted 
wool is placed inside the crown, and the block is again inserted. The shell is used to prevenS the 
crown adhering to thes block while being ironed, which it wouldo therwise do, as the iron is used 
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Tery hot. The crown is laid npon its side, npon the bench or plank, and a little powdered gnm 
damar is sprinkled over the surface, to prevent the iron sticking to the crown. It is ironed until 
the surface is perfectly smooth and bright all round. The tip is then ironed in the same manner, 
and the crown is complete, requiring only the brim to form a perfect hotly. 

A light or lieavy body is regulated by the number of substances of calico used, or by the weight 
of eloth. If very light is desired, all muslin for the crown is substituted for calico, and a lighter 
make of calico is used for the brim. For what are termed “ zephyr ” bodies, a stout muslin is used 
for the foundation, with a very light muslin for the cover ; this makes an exceedingly light body, 
but of course is not so durable, being unable to stand hard wear. 

The prepared calico taken from the brim-frame (56 in. by 36 in.) will make 1 doz. brims. One 
of these is now taken, and the block being placed in the centre, the size of the block is marked 
npon it. The middle is next cut out to within J in. of the mark. The square is then placed upon 
a piece of board covered with “swans’-down,” and is well ironed until it has a smooth surface, and 
becomes perfectly pliable. A brim-frame J (Fig. 829) is now required. It is of an oval form, 
arched, and sunk about 3 in. in the centre, but the depth can be altered by inserting thin pieces of 
wood, called “ risers,” C (Fig. 829). The block is placed in the centre of the frame, and adjusted 
to the required dimensions. The softened brim is pulled over the tip of the block, and brought 
down to the frame, and pressed closely to the side of the crown by the iron dummy ; this leaves 
about } in. of the brim upon the side, which is termed the band. Some thick spirit varnish has 
been previously brushed upon the crown, round the band, so that when the band is ironed it shall 
become perfectly secure. The crown being placed npon the side with the brim-frame, kept in 
position by being pressed against the chest of the workman, the band is well ironed, and afterwards 
the upper edge is pared, and a robin is ironed over it, and well dummied. The brim is now firmly 
secured, and only requires ironing upon the underside, to do which the block is taken out, and the 
brim is placed upon an iron plate let into the plank, and hollowed out so as to allow the band of 
the hat to be brought up close, in order to obtain a sharp-edged band. The body being now 
complete, it is put into the drying-room, where it is allowed to remain for several hours. Having 
been examined and passed as properly made, it is ready to be placed in the hands of the finisher, 
who covers it with silk. 

Finishing . — The silk plush is made into a crown, that is a side and tip, and sewn around the top 
edge or square of the tip, care being taken in sewing to turn the nap through with the needle, so 
that the stitches may not be seen when the crown is put on the body. The finisher first prepares 
for the side seam, by putting a small quantity of cougle on the back of the plush just where it is 
desired to cut the seam. The nap on the part that is to be last laid is carded back the reverse 
way. This is done by first damping the part with a sponge and water, and then taking a wire 
card and carefully drawing the nap back for about 1 in. The iron is next passed over it in order to 
fix the nap down, and then a straight clean cut is made with scissors. The block is placeil inside 
the body, and thus on a spinner L (Fig. 829), a small circular block of wood with a peg in the centre 
to enable the block to be easily turned round. The crown is now pulled over the body with the 
nap outwards, and the tip being perfectly adjusted so that the seam shall come close to the edge, 
the silk tip is damped all over, and ironed, the body having been previously varnished on the out- 
side with spirit varnish. It will then be adherent to the body. The nap is now carded, so as to 
take a circular form, narrowing from the outside of the tip to the centre. The side seam is the 
next consideration. This is made on the left side of the body. The hat being placed on its side, 
the right is the first to be stuck down diagonally from the tip to the brim. The second or left seam 
requires the greatest care, as it must be brought close to the edge of the first, without in the least 
degree lapping over it. This is done about an inch at a time, the edge of the iron being used. 
When completed, the nap is again carded back, over the edges of the seam, and wetted and 
ironed. The remainder of the crown has now to be stuck. It must be pulled down to the band, 
so as to fit the body exactly without creases. It is then ironed over, and well damped, and the nap 
is brushed and carded perfectly straight, and again ironed with a good hot iron. The nap is well 
brushed after this, velured with velvet, and again ironed dry. This is to restore the brilliancy of 
the silk. The silk on the top side of the brim is put on the same way as the crown, with the 
exception that it is stuck all around the outer edge of the brim with the iron, and the remaining 
portion is pulled into the band with a stirnip F (Fig. 829), made of copper wire and stout cord or 
leather. Without the stirrup, it would not be possible to get the silk into the band without 
creases. The wire is placed over the crown, and the silk is gathered up by it. The foot being 
placed in the lower loop, it is pnj^ed tight. The nap is brushed, carded, and ironed as before 
described. It only remains to put on the underside of^brim, which is now almost always of 
merino. Formerly silk plush, corded silk, and satin were commonly used ; but merino remains the 
most approved material for this purpose. It is put on in one pitce, a damp cloth is placed over it, 
aud^hen ironed, the centre being cut out, leaving about § in. to be turned down on the inside of 
the band of the hat. Some thick spirit varnish is used to fasten it down. 
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The hat is now ready for the last process at the hands of the finisher, viz. “half-blocking.” A 
half-block E (Eig. 829) is selected to the shape of the bat, and being fitted to the arm, is screwed 
npon the plank. The hat is then placed upon it, the block having been previously removed, and 
ironed without wetting the silk. After the iron, the dummy is passed over the part just ironed, 
until the body is thoroughly rounded to the half-block, and assumes its proper shape. A velure 
or polisher made of swans '-down is damped, and the iron placed upon it, to make it very hot. It is 
then passed over the side crown, which gives great brilliancy to the silk. The tip being ironed 
on the tip-block D (Fig. 829), and polished in the same manner, the hat is put into paper, the 
brim is brushed, ironed, and polished on the top side, and the hat is complete so far- as the 
finisher is concerned. 

. There are two methods of preparing the material for brims : the one already described, termed 
“water-brims”: and the other “pounced brims.” The latter are preferred by some makers, as 
being more easily curled by the shaper, and with less liability of the substances separating from each 
other during that process ; but a large experience of the use of water-brims has demonstrated their 
superiority in wear, as they retain their firmness much better than the pounced brims, and can be 
proiluced thinner and more “ tinny,” with less weight, which is a great consideration. 

The pounced brim is made in the following manner. A piece of “ s wans’-down,” i. e. a coarse calico, 
with a nap raised on one side oidy, is cut to the required size, 13 in. by 12 in., for the ordinary 
width of brim ; the centre is cut out, and it is then placed upon a square board, and some ground 
shellac is sprinkled evenly over the swans’-down, from a tin box, the lid of which is perforated with 
small holes. A very hot iron is then passed over the shellac, which melts it and causes it to be 
absorbed by the swans’-down, thereby stiffening the latter. Another piece of swans’-down is then laid 
upon that already treated, and served in precisely the same manner, repeating the process until 
J doz. or more pieces have been ironed together. As soon as cold, which is in a few minntes, the 
pieces are pulled apart, and some cougle is rubbed over each side, after which a piece of plain 
calico is brushed on, with more cougle, on each side of the ponnced swans’-down, and hung up to dry, 
when another substance of calico is brushed on one or both sides, according to the weight of brim 
. required. When dry, it is Ironed well on both sides, and in the same manner as described in the 
water-brims, the difference being merely in the mode of preparation. 

The brim of the body is cut by a rounding-machine, of the same kind as is used for felt hats, 
to the required width and form, prior to being finished. 

There is another mode of finishing which is very similar to that already described, but the block 
is dispensed with, and the tip-block aud half-block are substituted in lieu thereof. There is a little 
time and trouble saved ; but on the whole, it is scarcely so satisfactory a mode, as that of finishing 
entirely on the block. 

ihapimj . — This branch has only to do with the brim, viz, its curling and setting. In this, taste 
and skill are required. Much depends upon the shaper : if he is a good and skilful workman, 
the style aud smartness of the hat are greatly enhanced. The hat, after leaving the finisher, is 
examined, and if perfect, is passed to the shaper, who gives to it the shape required in the brim, 
which may be an Anglesea curl, a rolled curl, or a plain-edged curl. If an Anglesea, the hat is 
placed upon the plank, with the brim downwards, and the iron is passed over the outer edge of the 
brim on the bare silk, without being wetted, until the brim is made quite soft. The etlge is then 
taken with the thumb aud forefinger of the left hand, and pulled up from right to left for about 
} in., lessening the width towards the front and back ; it is next pressed over with the foot-dummy 
until the part fumed over lies flat on the brim. The other side is then curled in the same way, and 
the front and back are just slightly curled on the edge, gradually widening to the side. The curl 
at the side is then ironed again, slightly raised, made quite free from folds or creases, and pared on 
the ragged or inner edge. It is now ready for the trimmer. When trimmed, it is returned to the 
shaper to be completed. He again irons the curl, but must now use a piece of damped swans’-down 
over the curl to prevent the silk binding from becoming glazed by the iron. The curl is then 
finally adjusted and raised as required. The hat is now placed upon a brim-warmer, which 
frequently forms the top of the oven in the shaper’s shop. It has an arched top, and it is heated by 
hot water or steam. In a few minutes, the brim will be sufficiently warmed to render it soft and 
pliable. The hat is placed on the plank on its tip, with the brim upwards, and is then set, i. e. it is 
pressed w ith one hand on each side until it is well rounded, with the front and back dipping 
down. The brim is now ironed with the damp swans’-down over it, and made perfectly level, and 
free from indentations or irregularities. A silk band being put upon it to match the binding; 
it is completed. t 

The rolled curl only differs from the Anglesea in being round instead of flat, a round pad being 
used in curling. A plain ciul merely has the side edges curled up ^ in. at the sides, and is bound 
wilh a narrow galloon binding. * 

•^rown-sewing . — The silk plush being marked out to the size required, the crown-maker places the 
plush npon the tip nap next the body, and cuts it exactly to the size, so as just to cover the edge or 
square. About i in. is now turned over, and the sides are taken with about the same amount 
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turned. The sewing is commenced about the middle of one side of the tip, and continued round to 
the place where it first started, leaving the two ends of the side unsewn, the finisher making the 
joint there upon the body, as previously explained. The crown must be sewn very neatly and 
cl<wely upon the back of the plush, the nap being turned evenly through the seam with the needle, 
otherwise the stitches and seam would be seen. The hat is now trimmed very closely with seisscrs 
and the topside of the brim is joined in the same manner, the seam being diagonally across it. 

Trimming. — The binding is put on, and the inside lining and leather are put in by the trimmer, 
requiring neat and careful sewing, the puffed silk lining especially needing care and nicety in 
drumming it. 

Fig. 829 shows some of the tools and appliances employed by silk hatters, in addition to those 
already illustiated in Figs. 827, 828. They are as follows: — A, shapers’ curling-dummy; B, 
wooden sunken frame, used by body-makers ; the smrface is covered with zinc ; C, wooden “ riser ” 
for adjusting the height of the crown, one or more being placed inside the frame ; D, tip-block, with 
felt cover a ; E : o, half-block ; 6, half-block arm ; c, plank ; d, felt cover to half-block ; F, stirrup : 
a, copper wire ; 6, cord ; G, block : a, middle piece ; 6, side pieces ; c, front and back pieces ; H, crowu- 
fiame, 72 in. x 24 in., with side section showing pegs ; the brim-frame is similar, but 56 in. x 36 in. ; 
J, finishers’ and shapers’ brim-frame ; K, how placed on the pegs of J, used by the finisher when 
putting the silk on the brim ; L, spinner. 

The various cloths used for hatters’ purposes must be free from dressing, and of a porous 
character, so as to readily admit the cougle. For the crowns: a light Indian shirting, 24 in. 
wide, for framing ; and a light jaconet, 32 in. wide. Tl;e side is covered twice, and the tip once for 
an ordinary hat. For the brims : a stout calico 36 in. wide, and a twill of the same width, two 
lengths of each being put upon the frame. No covering is required for brims, unless unusual 
strength is desired. Bobbins are of muslin, 32 in. wide. Plushes are of various qualities, the 
shortness, thickness, and fineness of the nap determining its value. The back is of cotton, and the 
nap of silk. Nearly the whole of the silk plush used comes from France, although a small quantity 
is imported from Metz. The plush is 32 in. wide. The tips are cut on the straight ; the sides and 
brims on the “ bias.” Shellac : the “AC garnet ” and “ bright button ” are mostly used. “ Couglu ” : 
28 lb. shellac, 20 oz. ammonia, and 28 qt. water ; boil the water, then add the ammonia, and as quickly 
as possible the shellac, foe the ammonia soon escapes ; when nearly dissolved, add a few oz. more 
ammonia, and a little water, letting it down with cold water to a thick consistency ; it can be tested 
by rubbing between the fingers the same as hard felt proof; it is not gauged, but is reduced to 
the thickness of a thin flour paste. Spirit proof is made as in the case of hard hats. Shellac is let 
down Cold in methylated spirits to the consistency of a thin varnish, for application as a coating to 
the body after drying, to stick the silk covering and brim, as well as the robins, and to strengthen 
the baud and tip of the hat. 

Exports . — ^The annual value of the hats exported from the United Kingdom amounts to a sura 
varying between 1 and 1 J million pounds sterling. The home consumption is represented by a very 
much higher figure. 

(See Fur ; Hair ; Silk Manufactures ; Wool ; Woollen Manufactures.) W. M. 

HONEY (Fr., Miel; Gbr., Honig'). 

Honey is a substance possessing a pleasant saccharine taste, produced from the nectar of flowers 
by the aid of certaiir insects, of which the bee is the most important land familiar. The saccharine 
matter is obtained from flowers in infinitesimal proportions, about 2J mUliou flowers being required 
to contribute 1 lb. of honey. The nectar of flowers contains cane-sugar or saccharose (CijHjjO,,), 
which is converted, during or after its retention by the insect, into “ inverted sugar,” or a compound 
of dextro-glucose (dextrose) and laeva-glucose (Imvulose), both of which are represented by the 
formula OijHj^Oij or CjHijOj (see Sugar). The presence of cane-sugar in honey is as stoutly 
denied by some chemists as it is asserted by others. This disagreement may perhaps result from the 
examination of samples of different ages. Dr. J. Campbell Brown gives the following analyses of 
genuine bee-honey : — 
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The honey of the honey-wasp of Tropical America (Polyhia apMpennts) yields large crystals of 
cane-sngar ; that of the honey-ant of Mexico (Myrmecocystus mexicanus) is nearly a pure solution of 
nncrystallizable sugar (CgHijO,) ; while the subterranean tazma honey of Ethiopia contains 
32 per cent, of mixed fermentable sugars, and 28 per cent, of dextrose, with no trace of cane-sugar. 

Wild honey is collected by primitive peoples in almost all climes which favour the growth of the 
necessary flowers. The tazma honey is deposited without wax by an insect resembling a large 
mosquito, in subterranean cavities ; it is sought for by the natives of Ethiopia, and used by them 
to cure throat-diseases. The honey-making ant of Texas and New Mexico is very abundant in the 
neighbourhood of Santa Fe. The Mexicans esteem this honey very highly, and use it not only as 
food, but as a medicinal agent. Very little has been done in the way of domesticating or cultivating 
the two honey-producing insects just alluded to, and the same may be said of the honey- wasp of the 
American tropics. 

The familiar honey-bee is of two species. Apis mellifica and A. ligustica. The former, which is 
the most widely known and the most highly prized as a honey-maker, is said to be a native of Asia, 
whence it has spread over all Europe and a great portion o£ N. America, and has been introduced 
with signal success into our S. African and Australian colonies, and many of the islands in the 
S. Pacific. 

Apiculture has advanced considerably in France of late years, and the number of cultivated 
swarms of bees in that country is now placed at 2-2| millions. The industry is becoming more 
general, and owners of more than 400-500 colonies are rare. The production of honey and wax is 
now valued at 22-23 million francs annually, while the yield of honey from each swarm has grown 
&om 15—16 kilo, to an average of 20-25 kilo. The introduction of the Ligurian bee is receiving 
much attention. Of the 2,073,703 swarms officially returned in France at the end of 1873, there 
were 96,038 in Ille-et-Vilaine, 63,207 in Finistere, 60,000 in C6tes-du-Nord, and over 40,000 in 
ArdSche, Loire-Inferieure, Manche, Morbihan, and Sa'6ne-et-Loire. The products of G&tinais and 
Brittany are most renowned. The total yield of honey in France in 1873 was 93,1 12 metric quintals 
(of 1 • 96 owt.). The export of honey from Houfleur, TrouviUe, &c., was 1 1 tons in 1876, and 10 tons 
in 1877. In some districts of Switzerland, bee-keeping is conducted with great energy and success, 
and instructions are widely circulated by paid lecturers every year. The local consumption of honey 
is too great to leave any for export. The German government goes so far as to compel all school- 
masters to pass an examination in apiculture, besides fostering the industry in many other ways. 
Germany (including Hanover and Hesse Cassel), in 1873, had a total of 1,453,764 stocks; Bavaria, 
338,897. Somewhat behind are Austria and Hungary in this respect, yet the exports of honey from 
Vienna were 5163 metric centners (of llOi lb.) in 1877, 301,695 in 1878, and 321,849 in 1879 ; and 
from Fiume (including wax), 594 cwt. in 1877, and 1224 cwt. in 1878. In ordinary seasons, Servia 
produces about 5000/. worth of honey for export, besides the large quantity consumed locally. The 
peasants of Poland, Russia, and Siberia, are most industrious apiarians. A number of systems are 
in vogue in different parts of the country ; at Plock, in Ostrolenka, and in the woody part of 
Lithuania called Polesie, bees are reared in excavated tree-trunks in the forests. The famous 
“ Kovno ” or “ lipiec ” honey acquires its flavour from the flowers of the linden-tree, so abundant in 
the Lithuanian woods.^ In this province (Kovno), the Tchmude tribe is almost exclusively occupied 
with bee-keeping. The industry flourishes also in the Altai mountains, and is followed by the 
Meretinzes and Gmsinians in the Caucasus. The Russian province of Pultowa has about 600,000 
stocks, and Ekateriuoslov, 400,000. The annual honey production of European Russia is placed at 
600,000-700,000 lb. Italy produces large quantities of honey, though the peasants are very back- 
ward in apiculture. The total yield in 1868 was as follows : — Piedmont and Liguria, 380,000 kilo. ; 
Lombardy, 179,880 ; Venetia, 174,160 ; Emilia, Umbria and the Marches, 189,840 ; other provinces, 
600,000. The best are from Bormio, in Lombardy, from Empoli, iu Tuscany, and from Otranto. 
Immense quantities of honey were formerly produced in Corsica ; much is still collected there, but, 
except the small proportion obtained iu early spring, it acquires such a bitter flavour, from the 
aibutus-blossoms which the bees fiequent, as to be scarcely edible. Grecian honey has been cele- 
brated from the earliest times, but apiculture is quite neglected by the modern Greeks. Svra, in 

1877, exported 167/. worth of honey to France, and 160/. to the Danubian Principalities; and in 

1878, 172/. to Turkey, 106/. to Great Britain, 82/. to Egypt, 65/. to Austria, and 7/. to Italy. In 
Asia Minor, very large quantities of honey are produced, chiefly for local consumption ; the port of 
Dedeagatch shipped 80 barrels, value 200/^ in 1879. The natives of many parts of India are most 
industrious bee-keepers. But the New World bids fair to eclipse all competitors in the science of bee- 
rearing and the proiluction of honey. Cln the United States, honey-raising is a distinct industry, and 
men are found who own 2000-12,000 swarms, which they farnj out to owners of fruit-gardens during 
the blossoming season. The orangeries and other orchards of Florida, and the gardens of California 
oflfer the best inducements, but the culture is by no means confined to those states. Florida in 
1878, jeoduced over 170,000 lb. of honey ; and one bee-farm in San Diego Co., Califoruia, aflbrded 
150,000 lb. of honey in 1874. Every scientific contrivance has been adopted, and some bee-farmers 
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despatch floating hee-honses along snitable rivers, to take advantage of the progression of the 
seasons, and supply the bees with a succession of flowers. It is even proposed to send the swarms to 
the W. Indies during the winter. Already very large quantities of honey are produced in the 
W. Indies, but it is chiefly in the foreign islands, and our colonists there have not shown much zeal 
in adopting this most remunerative culture, despite the almost unsurpassed conditions which it 
presents. San Domingo, in 1878, exported 38,770 gal. of honey to the United States ; and in 1879, 
506,6-10 gal. to the United States, and 2700 gal. to Prance. Chili produces 5000i. worth of honey 
and wax yearly, which is mostly exported. 

The production of honey in the United Kingdom is quite trifling, and nowhere is bee-keeping 
so little understood, and so little practised as an industry, though the conditions for its success are 
almost everywhere present, and the proflts very large. On the other hand, it must not be supposed 
that the present high prices of honey would be maintained in the face of a greatly increased 
production, such as would result from anything like universal bee-farming. Of course, if honey 
could be produced at a price to compete with fruit preserves, its consumption would immensely 
increase. But this is very doubtful, considering the long period during which the bees would 
need feeding, and the uncertainty of our summers. In our tropical colonies, there is much wider 
scope and better prospect for the industry. Everywhere the indirect benefit conferred by bees 
in fertilizing the flowers of various crops is of great importance. 

Omitting all questions relating to the natural history of tbe bee, which will be found discussed 
at length in the works cited at the end of this article, the following remarks relate to the con- 
struction of hives, and the management of apiaries, with a view to the most economic production of 
honey. The swarm is first hived in an ordinary straw “ skep ” ; in the evening, the settled bees 
are suddenly shaken down into one of the modern improved hives now to be described. 

The “ Woodbury ” hive is the first English adaptation of the principles advocated by Dzierzon 
and Langstroth. It consists- of a square wooden box, 14J in. inside diameter, 9 in. deep, with a 
movable cover having a feeding-hole 21 in. wide, closed when not in use. The floor-board is 18 in. 
square, with an entrance 4 in. long x | in. deep, with a step projecting 3-4 in. for the bees to 
alight upon. The interior space is equally apportioned to 10 frames, for supporting the combs. 
These frames are of thin lath, in. wide ; the top bars are 15J in. long x in. thick, and the sides 
and bottom rails are in. thick. The space alternating with the bar is thus | in. A movable 
upper storey or “ super,” 3-5 in. high, is added as a honey-store ; this is separated from the hive by 
replacing the cover or “ crown-board ” by a thin board or “ adapter,” having long slits A in. wide 
near each end, for admitting the workers, while excluding the queen and drones. The whole is 
crowned by a wooden ridge-roof. A much improved modification of this is the “ Cheshire ” hive. 
The natural heat of the inmates is conserved by double walls with an air space between. 
Woodbury frames are retained, but rested upon zinc edges, to prevent the bees fixing them. The 
floor-board moves in grooves, and the entrance is provided with sliding-shutters. The old straw 
skep is very inferior ; it should at all events have a round hole 2| in. in diameter in the centre of 
the crown, to admit the bees to the super, and facilitate feeding them. Glass hives are admissible 
only for purposes of observation; one of the best forms is that known as the ” Woodbury unicomb.” 
The first essential condition in all hives is that they shall exclude the wet, and afford protection 
against changes of temperature. The next consideration is the existence of every facility for the 
construction of the combs and the rearing of the young bees, as well as the inspection and removal 
of the combs when required. 

During bad weather immediately following the hiving of a swarm, the latter must be fed. A 
■wide-mouthed bottle is filled with syrup, and closed by a double thickness of fine musUn, or by 
inversion over a perforated support, placed above the feeding-hole in the crown-board. In cold 
weather, this food is replaced by a sweet produced by boiling 1 lb. of loaf-sugar in i pint of water, 
and adding a little vinegar to prevent crystallization. Plentiful and judicious feeding is most 
necessary for successful bee-keeping. Abundance of water, fresh or stale, is equally essential. 

The objects of the apiarian are threefold: — (I) the prosperity and multiplication of the eoloniqs, 
(2) stimulation to increased production, and (3) the easy removal of the products without incon- 
venience to the bees. A rapid increase of stocks and a large production of honey are incompatible, 
and one of the two objects must be made subservient to the other by suitable management. The 
former is favoured by artificial swarming, i. e. by hastening the departure of the swarm. In the 
ease of frame-hives, which are the only proper kind, this is effected in the following manner : — The- 
frames are first removed, and the queen is sought for ; when found, she is transported with' the 
frame to the centre of a new hive, and is flanked on each 81 % by a comb containing sealed brood. 
Both hives are then filled with fresh,frames and empty combs, or even guide-combs; sufiBcient 
bees to form a large swarm are then shaken into, or at the entrance of, the new hive, where all the 
young ones will remain. This (fhe queen-) hive is then removed to a distance, and the old one is 
reinstated ; into the latter, will come such of its former occupants as did not remove to the new 
hive. Feeding on syrup in early spring stimulates the queen to lay, and thus swarms may be - 



thrown off early and rapidly. If a young fertile qneen be supplied immediately after^ a swarming 
has taken place, the hire will soon be ready to repeat it. 

When a large production of honey is aimed at, swarming must be controlled as far as possible. 
Success is generally secured by putting a super on the hive, before the bees have constructed queen- 
cells, and made other preparations. The combs are removed on tlie frames as fast as they are 
£lled, and are then emptied and returned. This is much facilitated by the use of a simple appa- 
ratus termed a “ honey-exti^tor,” which is made in several forms, but all on one principle. The 
full combs, with their cells uncapped, are placed in a cylindrical metallic receiver, with their months 
abutting on walls of wire-netting attached to a framework. The latter is made to revolve, when 
the centrifugal force dislodges the honey, which falls into the receiver. The combs are thus made 
available for immediate re-use, — a double gain, as the collection of honey is rendered continuous, 
and the bees do not need to consume large quantities of honey for the formation of new combs. 
When it is desirable to economize the space of the supers for honey-gathering purposes, the bees 
may be induced to build comb there by introducing some clean white pieces, always taking care to 
warm the supers by padding or wrapping. At the end of the season, all honey may be removed, if 
the bees are fed regularly with S 3 Tup, which is much less valuable, but equally good food ; other- 
wise, at least 15 lb. of sealed combs must be left for winter provision. 

As to the profit of bee-keeping, it is only necessary to say that, beyond the first cost of a swarm 
and hive, the expenses are but trifling. Supposing a guinea be paid for a swarm, at the end of 
five years the net profit arising from the sale of the products should amount to 50-60f., in addition 
' to the possession of 5 new stocks. In America, one stock has given as much as 600 lb. of honey in 
one season, and 200-300 lb. is quite common. Chilian honey is sold in the London market at 
30-70s. a cwt., and Jamaican at 35-60s. Our imports of honey in 1870 were valued at 28,121/. ; 
since then, statistics have not been published, but the amount has doubtless increased. 

Bibliography . — E. Bevan, ‘The Honey-bee’ (1827); A. Pettigrew, ‘Hand Book of Bees’ 
(Edin. and Lond. : 1870); J. Hunter, ‘Manual of Bee-keeping’ (Lond. : 1879); 0. de Bibean- 
court, ‘ Manual of national Bee-keeping ’ (Loud. : 1879); J. F. Eobinson, ‘ British Bee-farming ’ 
(Lond. : 1880) ; L. L. Langstroth, ‘ The Hive and Honey-bee ’ (New York) ; A. J. Cook, ‘ Manual 
of tlie Apiary ’ (New York) ; M. Quinby, ‘ Mysteries of Bee-keeping Explained ’ (New York) ; 
N. H. and H. A. King, ‘Bee-keepers’ Text-book’ (New York). 

(See Sugar; Wax— Beeswax.) 

HOPS (Fa., ffoublons ; Gee., ffopfen). 

The term “ hops ” is given to the leafy, cone-like catkins, or imbricated heads (“ strnbili ”), of 
the hop-plant {Humulus Lupulus), for the sake of which many varieties of it are cultivated. 

Hop-growing requires a moderately warm climate. In this country, a south-east aspect is most 
suitable, with shelter from the westerly gales of autumn. The selection of soil will depend upon 
the kind of hop to be grown. The Golding will succeed host on dry friable soils, with gravelly or 
rocky subsoil, as in the hilly districts of E. and Mid-Kent. Mathon, Grapes, and White, prefer 
stronger soils, as the deep lands of the valley of tlie Teme, and the Weald. The good but 
delicate Cooper’s White requires a good strong loam. The land must be thoroughly drained. 
Preference is given to old pasture ; this is trenched two spits deep, the turf is placed downwards 
and the surface is harrowed and rolled. When planting in tilled land, the latter is ploughed 
10 in. deep, and subsoil-ploughed as deep as possible. The land being prepared, the arrangement of 
the rows, and distance between the plants, are decided ujxm. The disposition may be angular or 
square. The rows are usually 7-8 ft. apart, with 2i-3 ft. between the plants. The holes are first 
staked out, to ensure regularity, and are then dog 2 ft. in diameter and 2 ft. deep, the top earth 
being placed on one side, and the bottom soil on the other. The good top.earth is again filled into 
the hole, and rich manure is added. When the soil has settled, planting may commence. Bedded 
or yearling sets, 5-6 in. long, prepared from old stools, and with two joints or eyes, are the best ; 
cujjtings entail the loss of a year. One male to 100 females is usual. A hole 2 in. wide and 
4-5 in. deep is cut in two sides of each hillock. If the plants are weak, these may be put into one 
hillock. The head of each root is brought as close as possible to the stick, and some good, fine soil 
is put round, and made firm by the foot. A 20-acre plantation may be apportioned as follows : — 
Cooper’s White, 5 acres (or Cooper’s 3, and Jones’ 2); Mathon’s 6; Golding’s, 6-7 ; Grapes, 2-3. 
In this way, the crop may be gathered by degrees, as the different kinds mature, commencing with 
Cooper’s or Jones’, and finishing with the hardy Grapes ; but the proportions should accord with the 
suitability of the land. If only one v*riety be grown, picking must either commence prematurely, 
or be protracted beyond proper limits. The crop should be sgpured in 3-4 weeks at the utmost. 

In 2-3 weeks after planting, the bines begin to appear, and pitching the poles commences. The 
size of the poles may be 8 ft. for Jones', 10-12 ft. for Grapes, »2 ft. for Cooper’s, 12-14 ft. for 
Mathov’s, and 15 ft. for Golding’s. Usually 4 poles are allowed to each hill at 7 ft. apart, and 
2 bines to each pole ; when 3 poles are used, the bines may be distributed in two 2’s and a 3. The 
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next step is tying ; but before commencing this, the tier proceeds to eradicate all rank, hollow- 
bines. When the hops are tied, the ground is worked' both ways with the nidget or scuffle, 
followed by the harrow ; the working should be finished by the Ist-lOth July. Potatoes and • 
mangold are often planted between the rows, and cattle-cabbage between the hills; in this ease, 
extra manuring is of course necessary. A better plan is to grow turnips, and feed off. 

The hops are ready for pulling when they acquire a strong scent, and the catkins become firm 
and brown. This occurs in early seasons about the lst-8th September ; in late ones, 15th-20th. 
The bines are cut level with the ground, the poles are lowered, and the hops are picked off as 
rapidly as possible, for conveyance to the drying-kiln, such arrangements being made as will ensure 
their not having to wait 5-6 hours, or they may ferment and spoil. The drying is conducted in 
special kilns or “ oasts,” by means of a current of hot air being passed continuously through them. 
The process should occupy about 12 hours, at a temperature not exceeding 4;l°-46° (112°-115° F.). 
'When the hops are dry, the fire is lowered, and they are allowed to remain till they become soft, 
when they are removed to the cooling-room, and will be fit for bagging next day. The latter 
operation is now generally performed by a machine. 

The cost of cultivating 1 acre of hops is thus stated : — ^Yearly charge for poles, 51. ; ploughing 
down, 10s. ; digging slips, or portion not ploughed, 5s. ; cutting, picking up and burying roots, 
4s. ; spreading poles, 2s. ; pitching or setting poles, 12s. ; tying, 8s. ; nidgeting or scuffling 4 times, 

11. ; harrowing 4 times, 6s. ; forking round hills, and hilling up, 5s. ; stripping and piling poles, 8s. ; 
resharpening broken poles, 3s. ; ploughing up before winter, 10s. ; manuring with 20 loads dung 
at 8s., 81. ; summer manuring, 41. ; ladder tying, 2s. ; total, 211. 15s. By digging instead of plough- 
ing, 15s. more will be added. The cost often rises as high as 351. an acre for the whole culture and 
harvesting of the crop, and in some cases even to 601. The returns are exceedingly unreliable, 
ranging from 1 to 13 cwt. an acre. A plantation should last at least 20 years, and some gardens 
have been in existence over 300 years. 

The hop-plant is found wild, especially in thickets on the banks of streams, throughout 
Europe, from Spain, Sicily, and Greece, to Scandinavia, extending also to the Caucasus, the 
S. Caspian region, and through Central and S. Siberia, to the Altai Mountains. It has been intro- 
duced into India, N. America, Brazil, and the Australian Colonies. The cultiv.ttion in the United 
Kingdom was distributed in 1875 as follows Kent, 43,614 acres; Sussex, 11,360; Hereford, 5984; 
Hants, 3059; Worcester, 2468 ; Surrey, 2313; other districts, 373; total, 69,171. In Continental 
Europe, hops are most largely produced in Bavaria, Wiirteinberg, Belgium, and France. The esti- 
mated area occupied by them in 1876 was : — Germany, 94,775 acres (Bavaria, 52,000 ; 'Wurtem- 
berg, 12,500 ; Baden, 4000) ; Austria, 19,277 ; Belgium, 16,250 ; France, 10,000 ; the remainder of 
Europe, 1547. In 1877, Vienna exported 21,816 metric centners (of llOJ lb.) ; in 1878, 15,529; in 
1879, 28,772. Antwerp, in 1878, exported 629,352 kdo to England. 

Laudable efforts have been made for some time past to establish hop-growing in Cashmere and 
in the Himalayas, and there is fair prospect of ultimate success. lu the United States, the culture 
has a pretty wide distribution. The crop of 1874 was estimated as follows: — New York, 50,000 
bales ; Wisconsin, 22,000 ; California, 5000 ; Michigan, 5000 ; other states, 15,000 ; total, 97,000. 
The total estimate for 1879 was 110,000 bales; and for 1880, 120,000-125,000. In Canada, frosts 
interfere much with the crop. The cultivation started in the colony of San Leopoldo, in the 
Brazilian province of Rio Grande do Sul, promises well. In Tasmania, hop-growing is now a 
well-established and thriving industry ; and Victoria, South Australia, and New Zealand are not 
far behiud. 

The scarcity of hops in unfavourable seasons, and their high price at all times, has led to their 
frequent adulteration and to many substitutes being proposed for them. Among the adulterants 
are found many plants possessing powerful and even poisonous properties, while others communi- 
cate only a strong bitter flavour. As substitutes, principally two plants have been suggested, and 
experimentally used : — (1) The fruit of the shrubby trefoil (Pfefea trifoliata), said, in both France 
and America, to give an amber ale possessing a flavour quite equal to that of Strasburg beer ; and 
(2) the leaves of the bog-bean {Menyanthes trifoliatri), gathered in spring, and dried in the shade, 
used in Germany. Neither possesses all the valuable properties of the hop. 

Besides our own production of hops, we import largely ; our imports in 1879 were : — From tiie 
United States, 108,306 cwt., 496,886Z. ; Belgium, 63,485 cwt., 262,372/. ; Germany, 50,567 cwt., 
237,618/. ; Holland, 26,796 cwt., 162,518/. ; France, 9234 cwt., 41,462/. ; British N. America, 3813 
cwt., 14,596/.; other countries, 564 cwt., 486/, ; total, 262,765 cwt., 1,217,938/. The prices fluc- 
tuate exceedingly; the approxinEmte relative values in thelAndon market are Kent, 4/. lOs.-ll/. 
acwt. ; Sussex, 4/. lOs.-lO/. lOs. ; Farjham, 6/.-11/. 15s. ; Farnham country, 6/.-11/. 11s. ; American, 
8/.-11/. ; Belgian, 4/.-5/. ; old, all kinds, 1/.-3/. lOs. 

Bibliography. — F. L. Simmobds, ‘Hops’ (London: 1877); G. Thurber, ‘Hop-Culture’ (New 
York). * 

(See Beverages— Beer.) 
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&OBN (Pb., Corne; 6eb., Horn). 

The term “ horn ” is generally applied to any hard body projecting from the head of an animal, 
• terminating in a point, and serviceable as a weapon. Technically, horns consist of very different 
substances, and belong to two organic systems, as distinct from each other as either is from the 
teeth. The horns of deer consist of bone, and are processes of the frontal bone ; those of the giraffe 
are independent bones or “ epiphyses,** covered by hairy skin ; those of oxen, sheep, and antelopes 
are “apophyses” of the frontal bone, covered by “cerium,** and by a sheath of true homy 
materisd; only the horns of the rhinoceros are composed entirely of horny matter, which is dis- 
posed in longitudinal fibres, so that the horn seems rather to consist of coarse bristles compactly 
matted together in the form of an elongated sub-compressed cone. It is curious that the horns of 
wild animals are always more fully developed than in domesticated races, and that with all our im- 
provements in the breeding of cattle, no advance has been made in the sise or texture of the horns. 

.Homs are rendered eminently applicable to a number of purposes by reason of their toughness, 
elasticity, and flexibility, together with their property of softening under heat, and their capa- 
bilities of being welded and moulded into various forms under pressure. The immense horns of 
the African ox, or Cape buffalo, of the .lava buffalo, and of the Amee buffalo of India, are the 
most valuable. About one-fifth of our imports of these horns is used for making combs, and knife- 
and cutlass-bandies, while a small portion is converted into shoe-lifts, scoops, cattle-drenches, 
drinking-cups, &c. The solid hom tips and the hoofs of cattle are made into buttons (see Buttons). 

Hobn Maitofactcbes : Combs. — Homs which are to be manufactured are first thrown into 
water, by which slight putrefaction is caused, ammonia is liberated, and the hom begins to soften ; 
the softening is then continued by immersion in an acid bath, for a period of about 2 weeks. When 
sufficiently soft, they are cleaned, and split into two parts by a circular saw. These slices are 
introduced between heated plates, and the whole is subjected to a pressure of several tons a sq. in. 
The plates may bear devices, or be of varying form, thus producing at once any desired effect. The 
hom may then be dyed black or brown by dipping it into a bath containing a weak solution of 
mercury or lead salts, and rubbing on hydrosulphate of ammonia; or it may be mordanted in an 
iron-bath, and dyed by logwood. Fancy markings are produced by immersing the hom in a bath 
of lead salt, and then in hydrochloric acid, thus forming white lines in the interstices of the horn. 

The manufacture of combs is by far the most important application of hom. The laminatory 
character of the horn, its very diversely running grain, and the raising up of the fibres by the use of 
the various tools, render it very difficult to apply machinery in its conversion, and the large amount 
of hand-labour required helps to cause the proportionately high price of the manufactured article. 

The softened hom is first split lengthwise in the direction of tlie grain. The split hom is then 
warmed in hot water, opened out flat, laid between cold iron plates, and pressed level. If the 
goods are to be subsequently stained, the slices are further placed between hot steel plates, and 
very strongly pressed, to reduce the thickness and destroy the superficial grain. The prepared 
slices are next stamped out by cutters, arranged to form as many combs as possible, of various sizes 
and shapes, so as to fully economize the material. The slices are again pressed and straightened, 
and ground, ready for cutting the teeth, which operation is performed by a “ parting-engine,*’ or 
die-stamping machine, in the case of coarse combs, and by circular saws in that of fine-toothed combs. 

Commerce in Horne. — Vienna exported 22,604 metric centners (of llOJ lb.) of horns in 1877, and 
32,255 in 1878. Poti exported 17 poods (of 36 lb.) of buffalo-horns, and 155 poods of deer-horns, in 
1877-8. Canton exported horns to the value of 17,218 fae/s in 1878. Newchang exported 1095 
pairs of old deer-horns in 1877, and 1034 in 1878. Hankow exported 1935 piculs (of 133i lb.) of 
cow-horns in 1878. Taiwan exported 47 cwt. of cow- and buffalo-horns in 1878. Kiungchow, 
exported 275} piculs of hom in 1877, and 432 piculs in 1878. Shanghae exported, in 1878, 
2854 piculs of cow- and buffalo-horns, 175 piculs of chamois-homs, 298 pairs of young deer-homs, and 
48 piculs of old deer-horns. Algiers exported 1,274,019 kilo, of horns and hoofs in 1877, and 
1,415,850 kilo, in 1878. Guatemala, in 1878, exported 368 quintals to the United States. 
Pernambuco, in 1877-8, exported 520 hundreds of horns to Great Britain, and 59 hundreds to 
Portugal Santos, in 1879, exported 44,430 kilo, of ox-homs to Europe. 

Our imports of horns in 1879 were as follows : — From Bengal and Burmah, 654 tons, value 
21,0017.; Bombay and Scinde, 569 tons, 19,1927.; Australia, 485 tons, 14,1027.; United States, 
451 tons, 67787.; Madras, 373 tons, 15,1727.; Straits Settlements, 305 tons, 11,5507.; France, 
270 tons, 10,2857. ; Argentine Republic, 245 tons, 70497. ; British S. Africa, 223 tons, 11,3657. ; 
BrazU, 178 tons, 66707.; Uruguay, 137 tons, 52077.; Ceylon, 96 tons, 55567.; other countries, 
654 tons, 17,8827.; total, 4640 tons, 451,8097. The approximate values are; — S. American ox, 
35-80s. a 100 ; ditto cow, 15-35s. ; Cape, 35-120s.; Au8tralian,6-65s. ; Deer, E. Indian, 40-120s. a 
cwt. ; Buffalo, E. Indian, 20-60s. ; tips, B. Indian, &c., 18-40s. ; ditto, N. American, 10-75 j. 

(See Bones; Celluloid; Ivory.) • 
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a straight groove is out along one side of the clean ice-sheet, by means of the hand-plough. Then, 
by means of the swing guide-marker, a continuous series of similar grooves are marked parallel to 
the first and equidistant from each other. The large ifee-plongh is next drawn over these grooves, 
deepening the cut to 12-14 in. The same operation is repeated at right angles to the first grooves, 
and the blocks are ready for separation. To prevent the water meantime from entering the grooves, 
and freezing them up, they are firmly caulked with snow, driven down by the caulking-bar. When 
the two outside rows have been sawed out, the blocks are lifted upon the adjacent ice, and the 
remaining rows are separated by breaking-bars. The blocks are then floated to the ice-house, and 
stored in tiers, carefully covered with pine-shavings. 

Fig. 830 shows the principal tools used in the harvesting of natural ice : A, marker, with swing- 
guide; B, plough, with stationary guide; C, hand-plough; D, snow-plane; E, grooving-bar; 
F G, striking-under bars ; H I J K L, fork splitting-bars ; M, channel hook-bar ; N, ice-saw ; 
O P Q, ice-hooks ; R S T, grapples. 

In America, the consumption of ice is truly enormous, being estimated, in the Middle States, 
at 1600 lb. a year for each' individual. The supply is obtained from the rivers and lakes in the 
interior, the four chief sources being Boston and neighbourhood, the Kennebec region (Maine), 
Hudson River (New Tork), and the Upper Schuylkill and Lehigh region (Pennsylvania). The 
quantity of ice cut on the Hudson River is about 1 J million tons annually, and on the Kennebec and 
Penobscot and their tributaries, about 1 million tons. For a short time, we too were dependent 
upon the American continent for our supplies of natural ice ; but the loss and cost in transport 
rendered the price so high as to be unable to compete with Scandinavian ice, when the latter came 
into the market, and our imports of ice in 1879 were 166,452 tons, value 139,714/., from Norway, 
and only 5 tons from all other countries. 

Artificial Ice. — Refrigeration, or the artificial production of icc, consists simply in transfer- 
ring the heat of the water (or other body to be frozen) to some other body. Water at I5J° (60° F.) 
contains an excess of heat beyond that of an equal weight of ice at 0° (32° F.) amounting to 170 ' 65 
heat units for each Ib., therefore, to reduce the water from the first temperature to the second wiU 
necessitate the abstraction of that amount of heat from it ; to reduce 1 ton of water will require 
the removal of 62,720 heat units, or 2240 lb. x 28 (the "difference between 32° and 60° F.). It 
would still be water. To convert it into ice, it is further necessary to abstract the latent heat, 
which determines the liquid state of water, amounting to 142 "65 heat units for each lb. of water; 
or, for 1 ton, 2240 lb. x 142 • 65 = 319,536 heat units, bringing the total to 382,256 heat units. It is 
thus evident that about five times greater expenditure of power is necessary to transform water at 
the freezing-point into a solid condition (ice), than is necessary to reduce its tempcratiue from the 
ordinary point to the freezing-point; and this fact must be borne in mind in the practical applica- 
tion of refrigeration to commercial purposes, where a low temperature will often be as effective as 
the actual production of ice. 

In the use of so-called “ freezing-mixtures,” the reduction of temperature in the body is due to 
the absorption of its heat by the process of solution suffered by the salts employed. They are 
principally as follows ; — 


Matures. 


(1) 2 parts snow or pounded ice. 1 part sodium chloride .. 

(2) 5 parts snow or pounded ice, 2 parts sodium chloride, 1 

part ammonium chloride / 

(3) 24 parts snow or pounded ice, 10 parts sodium chloride, j 

5 parts ammonium chloride, 5 parts potassium > 
nitrate .. I 

(4) 12 parts snow or pounded ice, 5 parts sodium chloride,) 

5 parts ammonium nitrate / 

(5) 1 part ammonium nitrate, 1 part wafer 

(6) 5 parts ammonium chloride, 5 parts potassium nitrate,) 

16 parts water .. •• •• -J 

(7) 5 parts ammonium chloride, 5 parts potassium nitrate,) 

8 parts sodium sulphate, Ifi parts water / 

(8) 5 parts sodium sulphate, 4 parts dilute sulphuric acid 

(9) 3 parts sodium nitrate, 2 parts dilute nitric acid .. .. 

(10) 3 parts snow, 2 parts dilute sulphuric acid , 

(11) 1 part ammonium nitrate, 1 part sodium carbonate, 11 

part water _ _ ) 

(12) 8 parts snow, 5 parts hydrochloric acid .. 

(13) frparts sodium sulphate, 4 parts ammonium chloride,) 

2 parts potassium nitrate, 4 parts dilute nitric acid . . / 



to —5° 


to —12° 


O 

00 

1 

o 


to —25° 


from 40° to 4° 

36° 

„ 50° to 10° 

0° 

„ 50° to 4° 

46° 

„ 50° to 3° 

47° 

„ 50° to -3° 

53° 

„ 32° to -23° 

55° 

„ 50° to -7° 

57° 

„ 32° to -27° 

59° 

„ 50° to -10° 

60° 


Actnal 
Reduction of 
Temperature : 
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Mixtures. 

j 

Thermometer sinks : 

°F. 

Actual 
Reduction of 
Temperature : 

o p 

(14) 9 parts sodium phosphate, 4 parts dilute nitric acid .. 

from 50° to —12° 

62° 

(15) 7 parts snow, 4 parts dilute nitric acid 

„ 32° to -30° 

62° 

(16) 4 parts snow, 5 parts calcium chloride 

„ 32° to -40° 

72° 

(17) 2 parts snow,_3 parts crystallized calcium chloride ,. 

(18) 3 parts snow," 4 parts potash 

„ 32° to -50° 

82° 

„ 32° to -51° 

83° 

(19) 6 parts sodium sulphate, 5 parts ammonium nitrate, 41 
parts dilute nitric acid / 1 

„ 50° to -40° 

90° 


These freezing-mixtures are very useful for application on a small scale, but are not adapted for 
commercial operations. In selecting bodies for abstracting and absorbing heat with the object of 
producing refrigeration on an extensive scale, several points require to be taken into consideration. 
(1) The first is the amount of latent heat absorbed by 1 lb. of the body in changing its state, being 
966 ‘1 heat units for watery vapours, 900 for gaseous ammonia, 361 '3 for alcohol vapour, 162 ‘8 for 
ether vapour. The amount of artificial cold produced will be in inverse ratio; thus the formation 
of 1 ton of ice will necessitate the vaporization of about 395} lb. of water, 424f lb. of liquid 
ammonia, 1049i lb. of alcohol, or 2.348 lb. of ether. (2) The next important consideration is the 
degree of facility with which the bodies are vaporized, and the range of temperature within which 
the vaporization can be readily accomplished, or, in other words, the boiling-point of the body and 
the tension of its vapour. It is sought to obtain a body having the former as low as is convenient, 
combined with the latter also moderately low. Many practical difficulties have been encountered 
through selecting bodies possessing the former quality, without much regard to the latter. Thug, 
at a temperature of 24° (75° F.), which is often exceeded in town waters in warm countries, the 
tension of liquid ammonia will be 150-160 lb. a sq. in. ; chloride of methyl, about 80 lb. ; methylic 
ether, 78 lb.; sulphur dioxide (sulphurous anhydride or oxide), 601b. These immense pressures 
necessitate extreme care in the construction of the apparatus, thereby enhancing the cost ; and the 
difficulty of keeping the joints tight often occasions loss of material and reduced production. 
(3) Equally necessary to be taken into consideration, is the condensation of the vaporized body, in 
order that it may be used over again. This condensation is effected by means of a supply of cold 
water. In some industries, and in certain localities, the scale of consumption of water for this 
purpose is such as to altogether preclude the use of certain machines. (4) The chemical properties 
of the substances employed must bo studied in relation to their action upon the metal or other 
material with which they will come into contact. Having said so much concerning the general 
principles and conditions involved in the artificial production of a low temperature, or ice itself, 
some space may now be devoted to a description of the principal machines devised with this object. 

An ether ice-machine, made by Duvallon and Lloyd, of Birmingham, is shown in Fig. 831. 
It consists of an engine and air-pump, combined on the same bed-plate ; a refrigerator ; an 
ether - condenser ; a 
circulating - pump ; 
and one or more 
iceboxes, according 
to the quantity of ice 
required. In the 
illustration, the air- 
pump is 9i in. in 
diameter, driven di- 
rect by a steam- 
engine, with 7J-in. 
cylinders, the stroke 
bging 21 in. The 
two cylinders are 
arranged in line, the 
two piston-rods being 
cottered to the cross- 
head. The guides 
consist of hollow 

angle-pieces, working on the corners '^)f the square bars. The air-pump is double-acting. The 
connecting-rods, one at each aide of the cylinder, work on crank-pins, inserted in discs 
keyed upon the main shaft, one of these discs being of considerable weight, so as tp act 
as a fly-wheel. In the centre of the main shaft, is a pulley for driving overhead-shafting, from 


831 . 
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which the cimdating-ptimp and the agitator derive their motion. The two inlet passages of the 
air-pump, one at each end, are connected by a copper pipe, from which branches another copper 
pipe, placing them in communication with the refrigerator. This is a cylindrical vessel, similar 
in construction to a multitubular boiler, covered with felt, and lagged with wood ; the tubes are 
made of copper, and riveted to brass end-plates. On the other side of the air-ptunp, the two outlet 
valves, connected in the same manner as the inlet valves, are placed in communication with the 
ether-condenser, which is similar in construction to the refrigerator, but is of rectangular section, 
and has no copper shell. The tubes communicate at each end with metallic chambers, one of them 
acting as a receptacle for the air which finds its way into the condenser. The whole is immersed 
in a tank of wood, or of galvanized iron, through which a constant stream of water is made to pass, 
for cooling and condensing the ether vapour. A vacuum of about 25i in. is maintained by the 
air-pump in the refrigerator, vaporizing the ether at a low temperature. The absorption of heat 
due to this operation lowers the temperature of the strong brine, made to circulate, by means of 
the pump provided for that purpose, tlu-ough the tubes and the ice-box. The latter is a tank of 
red deal, varnished inside, with partitions having holes bored in them for allowing the brine to 
circulate slowly. Between the partitions, are suspended zinc moulds of rhombic form, varying in 
width according to the shape of the blocks of ice required, and filled with pure water. The 
capacities and prices of this machine vary approximately from 120/. to make 3 cwt. of ice per 
24 hours in England, to 2800/. to make 200 cwt. in the same time. 

Another form of ether-machine, invented by A. Mtihl, of San Antonio, Texas, is shown in Figs. 
8.32 and 833. The pumps A are connected with the driving-shaft, as shown ; the condenser 

832 . 833 . 



B contains a worm, which communicates, through the pipe on the outside, with the reservoir C 
below ; D E F are freezing- vessels of various forms. Eixch pump, as its piston rises, draws in from 
the freezing-vessels the ether which has been vaporized by the heat abstracted from the water or 
other liquids contained in them ; as its piston descends, the vapour of the ether is forced into the 
worm of the condenser, and thence into the reservoir C, which it reaches in a liquid state ; it then 
passes into the freezing-vessels, where it is reconverted into vapour, and flows thence back into the 
pumps. The pumps have their induction pipes provided with suction-valves (see A, Fig. 833), and 
their eduction pipes with exhaust-valves. 

The usual practice of making the worm, which is the principal agent by which the vapour is 
reduced to a liquid, of pipe of uniform diameter throughout is objectionable, for the following 
reasons : If a small pipe is used, it is difficult to force the vapour through fast enough, and an 
unnecessary amount of power is consumed without eflect ; on the other hand, if the pipe is of the 
customary size (1-2 in. in diameter), only the layer of vapour immediately in contact, or nearly so, 
with its sides, is condensed, and the remaining uncondensed portion is discharged into the reservojf, 
there to be condensed at the expense of considerable power ; or is caused to enter the freezing- 
vessel before condensation is effected, thereby defeating the object intended. To obviate these 
difficulties, the worm is composed of pipes of several different sizes. Several coils of large pipe, 
say IJ in. in diameter, are used at the point of entry, and are followed by coils of 1 in., i in., and 
i in., by the last of which the exit is^ade. By this means, no resistance is offered to the passage 
of the vapour at its commencement, and all parts of its body are afterwards brought sufficiently 
near the sides of the pipe to ensure its condensation before tHe reservoir is entered. Thus power is 
saved, and the full effect of the freezing-apparatus is developed. ( 

T^e condenser B is kept full of running water while the machine is in operation, and the 
action of the latter is regulated and kept under complete control by the aid of valves and stop-cocks. 


« 
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The freeziDg-vesael shown at D contains cans, in which blocks of ice are produced ; these cans stand 
between hollow metallic partitions, through which the freezer passes. The vessel E, seen also in 
Fig. 833, is provided with receptacles for holding bottles, or other small vessels, around which the 
ether circulates. That at F is of conical form, and has double walls for the passage of the ether. 

Siddeley and Mackay's refrigerating-machine, which has been already described under Carbolic 
Acid (p. 673), also works with ether. 

An ice-making apparatus, in which ammonia is the medium used, constructed by the Boyle 
Ice Machine Oo., of Chicago, Illinois, is shown in Fig. 834, On the left, are a steam-boiler and a 
combined engine and 
ammonia - pump ; in 
the centre, a pump for 
water supply for the 
gas condenser ; and 
on the right, a freez- 
ing-tank. The am- 
monia-piunp is used 
for compressing the 
ammonia gas, which 
is liquefied in the con- 
denser, and expanded 
in a fi-eezing - tank 
seen on the right, in 
which the cold is pro- 
duced. This freezing- 
tank is provided with 
coils of iron pipe, in 
which the gas evapo- 
rates ; they are placed 
at regular spaces 
apart, determined by 

the thickness of the ice required. Between the coils, are placed moulds or cans, containing the 
water to be frozen ; and the space about both moulds and coils is filled with strong brine. The 
pump being put in motion, a valve leading from the condenser to the evaporator-coils is opened, 
and the gas flows into the evaprjrator-coils. Meeting there with the heat in the salt water to be 
cooled, it expands very rapidly, taking up the heat which is in the brine, which, in turn, extracts 
the heat from the water in the moulds. The expanded gas is aspirated by the pump, and forced 
over into the condenser, where the beat is taken from it by a stream of water continually flowing 
over it, and where, under the pressure of the pump, it is reliquefied, and returns to be again 
expanded in the evaporator-coils. This process is continued until the water is frozen, when the 
mould is lifted from its place in the freezing-tank, and immersed in warmer water, which loosens 
the ice from the mould ; the latter, being refilled with water, is returned to the freezing-tank. 

Carre’s intermittent portable apparatus, in which ammonia is employed, is shown in Fig. 835. 
A boiler 4 containing the ammonia is connected by the pipe r with the refrigerator t, into the well 
of which are put vessels z filled with water to be frozen. The boiler A is placed over a portable 
furnace, and the apparatus is purged of air, which is driven by 
the evolved gas out at the stop cock m. This being closed, and 
the refrigerator immersed in a tank of cool water, the tempera- 
ture of the liquid ammonia is raised to 110°-115° (230°-240° K.), 
at which heat the ammonia is expelled, and condensed in a 
liquid form in the refrigerator f. The boiler being now removed 
from the furnace, and placed in the water-bath, the temperature 
of the water in it will fall, and the power of the water to dissolve 
ammonia will be restored. The gas will be rapidly re-dissolved, 
reducing the pressure, as the liquid ammonia will evaporate 
with corresponding rapidity, drawing for its latent heat upon 
the sensible heat of the water to be frozen. The result will be the complete evaporation of the 
liquefied ammonia, and the restoration of an aqueous solution in the boiler, of the original strength. 
Between the ice-pan and the well, is a body of alcohol, which wdl not freeze, but will act as a 
conductor. During the refrigeration, the vessel f has a nou-concActing envelope. 

Carre’s continuous process, shown in'Figs. 836 and 837, also depends for its efficacy upon the 
evaporation of liquid ammonia, f^he boOer a is exposed to the heat of the furnace 6 ; c is an 
indicator to show the level of the liquid; i is a tube conducting gas to the liquefiery ; the vertical 
pipe above the branch « leads to a safety-valve; and any escaping gas passes by pipe c to*the 

4 D 





water-tanfe e\ where it is absorbed ; / is a tube which briogs back to the boiler saturated solution 
of ammonia from the absorbing-apparatus u ; this solution passes downward, trickling through the 
perforated trays ff, while the ascending gas rises in a sinuous course, alternately around the edge of 
one tray and through a central hole in the next, and so on. This condenses and carries back the 
watery vapour which accompanies the gas. The latter passes by tube » to the liquefier j, through 
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a box i, and a series of zigzag and spiral tubes in a bath of cold water, constantly renewed from 
reservoir which also supplies other parts of the apparatus. The tubes terminate in another 
box i', and the ammonia is by this time in a liquid state, under a pressure of 10 atmos., which is 
constantly maintained in the boiler. In the liquid state, the ammonia passes by the pipe / to the 
efSux regulator m, which is the dividing barrier between the part of the machine in which a 
regular pressure of 10 atmos. is p-aintuined, and the following part where the pressure does not 
exceed IJ atmos. The regulating device is a floating cujjj which opens or closes a hole of influx. 
The liquid passes from the regulator m by pipe n to the distributor p, the pipe n being wound 
spirally around the tnbe t, through which the vaporized ammonia is returning from the refrigerator q ; 
the vapours serve to reduce the temperature of the liquid in n before it reaches the refrigerator. 

The refrigerator itself consists of a number of zigzag or spiral tubes, immersed in a tank con- 
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structed of non-conducting substances. Each one of the zigzags receives an equal supply of liquid 
ammonia from the distributor. The small tubes conveying this supply are shown at p. The 
vessels r to be refrigerated are sustained pn a carriage, which is slid to and fro by the same power 
that works the pump g’, by which the re-saturated solution of ammonia is returned to the boiler. 
The space in the tank surrounding the zigzags and the water-vessels is filled with an uncongealable 
liquid, such as alcohol, or a solution of chloride of calcium. The ammonia in the zigzags q dis- 
charges in a vaporized form into the collector s, and passes through the tube t to the cylinder u, 
where it extends nearly to the bottom of the vessel, and there discharges the gas into the water 
which has been brought from the bottom of the boiler a, and partially fills the cylinder «. From 
this water, the ammonia has been nearly exhausted, and it therehre greedily absorbs the gas 
ejected into it by pipe t. On the left of vessel «, is a water-level indicator. Within the vessel u, is 
a worm which receives water by the pipe a' from the elevated reservoir z ; after passing to the 
bottom of the spiral, the pipe curves upward, and then (marked 5) descends nearly to the bottom of 
the vessel y, where it discharges. 

The water from the boiler a passes by pipes w to the coolers x y, before reaching the vessel «, 
where it re-absorbs ammonia. Between the boiler a and the vessel u, the water is cooled so as to 
fit it for absorbing gas more freely. The pressure in the boiler is sufficient to expel it when the 
stop-cock w is opened. The vessel x is formed of two concentric cylinders, between which are two 
spiral tubes, formed of the pipe w continued, and these spirals are immersed in a liquid which fills 
the annular space between the cylinders, and is the reconstituted ammoniacal solution on its way 
from the absorber u to the boiler a. From ar, the water in the spiral is conveyed in the pipe la, still 
continued in a single spiral ascending in the vessel y, and continued farther in a pipe ir, alongside 
of the absorber m, where it discharges into a sieve », and from which it descends in a shower. The 
exhausted solution from the boiler flows freely by the pipe v> to the absorber u, passing the coolers 
X y, as described ; but it requires some power to force the reconstituted solution back from the 
absorber « through the pipe / to the boiler. This power is a pump y’, driven by a steam-engine or 
other motor, taking the saturated solution from the absorber by pipe h', and discharging it by 
pipe i' into the vessel x, whence it passes by pipe / to the dome above the boiler. Gas finding its 
way into the pump is discharged into the upper part of n. A pipe e" leads to the enveloping-tube 
0 , whence water is conducted by /' for the use of the ice-vessels r.. As the water passes through o, 
it is cooled by the ascending vapours of ammonia. In starting the machine, it is first blown 
through to expel the air. The air escaping from the vessel u passes by the pipe c to. the purger d, 
and beneath the surface of the water therein, which retains any escaping ammonia. 

Holden’s (of Philadelphia) machine is adapted to the use of almost any volatile liquid, whether 
ether, ammonia, carbon bisulphide, &c. The refrigerator-cylinder. Fig. 838, is covered with a 
non-conducting substance. It is journalled on a longitudinal shaft A, provided with radial arms B, 
which carry upon their outer ends longitudinally arranged ribs C. Around these ribs, and near 
the inner periphery of the cylinder, is wound a continuous coil-pipe D, in which circulates strongly 
saturated brine, or other non-congealable liquid, which is received from a convenient cistern or tank. 
A coil of pipe extends the entire length of the cylinder, and, at each end, communicates with the 
hollow ends of the shaft Af and through this hollow with the supply-pipe E, and the exit-pipe F, 
so that a continuous circulation of the non-congealable liquid may be kept up in the coil. Inside 
this cylinder, the volatile liquid is placed. It is introduced through a pipe G, and is maintained 
at such a level as to immerse the bottom portion of the coil of pipes, which level may be regulated 
by means of a glass gauge upon the outside. As the coil of pipes is revolved, the coil passes to the 
upper portion of the cylinder with its surface moistened by the volatile liquid, which it carries up 
from adhesive attraction ; and as the cylinder is exhausted of its gaseous contents through the 
pipe H by means of pumps, the evaporation of the liquid upon the surface of the coil rapidly takes 
place to supply the partial vacuum, and a corresponding reduction of the temperature of the pipes 
and its contained vehicle of non-congealable liquid takes place. To guard against leakage, which 
would prevent the best action of the pump in effecting evaporation, the ends of the shaft A are 
provided with stuffing-boxes, while the outer parts of the bearings are enlarged to form water-boxes, 
which are filled with the non-congealable liquid, and these, together with the stuffing-boxes, 
effectually seal the bearings against all leakage of air in the interior. 

As the gas is exhausted from the cylinder, it passes to the pumps previously referred to, thence 
to a condenser, and thence through a pipe (as liquid) to a receiver. The cooled non-congealable 
liquid passes into the case M, Fig. 839, through the pipe F, and thence back to the coil in the 
cylinder through the pipe E. The circulation of liquid is eflfected through a circulating-pump, 
which is operated by the engine which* works the large pumps, the refrigerator-coil, and a rotary 
blower for circulating air in the congealing-case. 

The two large pumps detailed in Fig. 840, communicate with pipe H from the cylinder, through 
inwardly-opening check-valves I, located in the branches of the pipe. These pipes are alscapro- 
vided with a gravity cup-shaped valve J, which is of greater diameter than the piston-cylinder, and 
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plays between the cylinder-head and the flange of the body of the cylinder, npon which it is seated, 
being guided in its movement by ribs in the enlarged cavity of the cylinder-head. On the descent 
of the piston, the gas is drawn through the pipe H, the check-valves I are opened, and the pump- 
cylinder is filled. But when the piston rises, the check-valves are closed, and the compressed gases 
above the piston lift the valve J, and allow the gas to pass out into the pipe, and thence to the 


83S. 83». 840. 



condenser through K. As, however, the gases contained in the portion of the pipe between the 
pump-cylinder and the check are compressed, but not forced out, if the piston should descend with 
this pressure of gas contained here, the gas would expand, and, by partially filling the chamber, 
prevent the perfect exhaustion of the gas-cylinder. To provide for this, the piston in its upward 
stroke passes the orifices of pipe H, so that the compressed charge of gas is held in the confined 
space, and is liberated beneath tfje piston, apd, upon its descent, is driven out through the valve Ij 
at the bottom into a pipe that communicates with K. The face of the piston, in rising, strikes 
against the bottom of the cup- valve and lifts it, and, npon the reverse stroke, the valve seats itself 
upon the flange of the cylinder, while the plain ground face of the piston departs from the plain 
ground bottom of the valve, producing as nearly a perfect vacuum as it is possible to attain in a 
pump, there being practically no cushion of gas left between the valve and piston. 

As the gas is delivered to the condenser, it is made to traverse coils, and is cooled by the 
circulation of water of the normal temperature which passes through the condenser. As the gas is 
liquefied, it passes into the receiver, where it accumulates, and is fed from time to time back into 
the refrigerator-cylinder. As the non-congealable liquid in the coil of the refrigerator circulates, 
it passes out through the pipe P to the distributing-pan M, where its temperature is to be trans- 
ferred to the air circulating in the subjacent case N. The upper case is provided with a dis- 
tributing-pan, into which the cooled liquid is admitted. The bottom of tlie pan has perforations, 
which are arranged in rows immediately above a series of vertical partitions of wire gauze, between 
which are arranged the vertical baffle-plates. As the cooled liquid drops through the perforations 
in the pan, it falls upon the wire partitions, and being retarded in its descent, trickles slowly down, 
while the current of air driven through the case by the blower is made to penetrate all parts 
by reason of the baffle-plates, and in so doing, takes on the temperature of the nou-congealable 
liquid, which is below the freezing-point of water, passes into tlie congealing-case at and through 
pipe P, then traverses the pans in tlie congealing-case to freeze the water therein contained, and ' 
after having done its duty, passes up through the blower and pipe Q, to be again reduced in 
temperature. The congealing-case has doors R at each end, and is provided with supporting- 
rollers, upon which the pans S are fed in at one end and removed at the other. 

This apparatus was first designed solely for reducing the temperature of liquids, such as beer 
when the liquid to be cooled is allowed to trickle down over the refrigerating-coil. It has been 
widely adopted in American breweries. For the production of ice, additional plant is necessary, 
consisting of a large tank, and suitable receptacles for the water. 

A novelty in Holden’s arrangement is that the water-holding 
vessels are introduced at one end of the tank and removed at 
the other, passing through a progressively increasing degree of 
cold. 

Snlphurio acid is employed in E. Carre’s apparatus. Fig. 

841. It consists of a large vessel a, for holding the concentrated 
sulphuric acid ; an air-pump p, with tube-connections r adapted 
to the mouths of the decanters /; and a mechanism by which the 
lever h of the air-pump keeps the acid in continual motion ^ / is 
a stop-cock. This apparatus is useful for cooling drinks. 

One of the most important machines for producing a low temperature is that introduced by 
Eaovl Pictet, of Paris, in which anhydrous sulphurous acid (SOj), also called sulphur dioxide 
sulphurous acid, sulphurous oxide, or sulphurous anhydride, is employed. Its arrangement is 
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shown in Figs. 842 and 843. The valves of the compression-pump D are so disposed that at one 
stroke the sulphurous oxide is aspirated through the tube d, and, in return, is compressed through 
the tube e. The tube d connects with the refrigerator A, placed in the sheet-iron vat B, lined with 
non-conducting material ; the tube e, with the conductor E. The oxide is introduced at the plug- 
cock G, and is drawn by the pump in the direction of the arrow into the copper-tubular refrigerator 
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A, the liquid filling the space between the tubes. Here takes place vaporization, with the con- 
sequent production of intense cold, and the temperature of the non-congealable mixture of glycerine 
and water surrounding the refrigerator is so far reduced that water placed in the metallic vessels c, 
immersed in the tank, rapidly becomes frozen. The propeller-wheel / sends a current of the 
glycerine solution through the tubes, and thus hastens the refrigeration. The vapour of the oxide 
is drawn out of the refrigerator by the pump, and forced into the space between the tubes of the 
condenser E. Through these tubes, a stream of cold water is constantly forced ; this detei-mines 
the condensation of the vapours, and the re-liquefied oxide passes into the admission-pipe, and 
enters again into circulation. A saturated solution of chloride of magnesium gives better results 
than the glycerine mixture. The tension of the oxide vapour varies from about 14’7-13 1b; on the 
return stroke, the gas is compressed to its original volume, having its temperature raised to 
93° (200° F.). The cold water current reduced this temperature to about 16° (61° F.) at the outlet ; 
and under a pressure of 3-3J atmos., the gas resumes a liquid state. It is claimed that 1 lb. of acid 
produces nearly 1 lb. of ice ; and that with a consumption of 22| tons of coal, 250 tons of ice can 
be made every 24 hours. The cost is stiid not to exceed lo. a kilo, (say |d. a lb.). The system is 
largely adopted in skating-rinks, breweries, &e. 

The production of a low temperature by the alternate compression and expansion of air is 
perhaps best accomplished by the Bell and Coleman apparatus, which has been described in the 
article on Food Preservation, its primary application being for preserving fresh meat on long 
voyages. 

The “binary absorption” system of Tessie du Mothay and A. I. Eossi is the most recent 
development of the science of producing artificial cold. Experiments on ethers indicated that those 
formed by the acids, as well as their alcoholic radicals, possess the property of absorbing sulphur- 
ous anhydride (sulphur dioxide), some of them to the extent of 300 times their volume of gas in 
certain conditions, ordinary ether standing first. Upon this fact, the new system is founded. The 
liquid employed is ethylo-sulphurous dioxide, obtained from ordinary ether by saturating with 
sulphurous oxide gas. This liquid, at a temperature of la°-18° (60°-65° F.), has no pressure, and 
can be readily kept in glass bottles at 27°-32° (80°-90° F.); i|3 tension is only 2-5 lb. Thus a 
machine charged with it, when stopped, will show no pressure on the gauges, and even a vacuum 
at rest, if the temperature is low ; while’with other liquids, even the stoppage of the machine dues 
not prevent the pressure of the vapours inside soon reaching its point of equilibrium with the tem- 
perature outside, and even at as low a temperature as 0° (32° F.) sulphur dioxide (sulphujoua 
oxide) alone, as used in the Pictet machine, has still 15 lb. a sq. in. of pressure, exerting a constant 
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and increasing pressnre on tbe vessels containing it, and, in case of a small leak starting, cansing 
the -entire loss of the charge. Wliat is said here of sulphurous oxide applies with still more force 
to liquid ammonia, methyl chloride, and methylic ether. 

Such a binary liquid as that just mentioned, when evaporated under a vacuum, is resolved 
into its two constituents, the mixed vapours entering the pump together ; then, under a small 
compression, ether liquefies first, a few lb. pressure being sufficient for it, even with such 
waters as are met with in tropical climates. The ether thus liquefied absorbs in the condenser the 
vapours of sulphurous oxide, reconstituting the “ binary liquid,” and thereby avoiding the excess of 
mechanical compression, which would otherwise have been necessary to effect this liquefaction of 
the oxide. Thus for the work of compression of the pump, is substituted a power of chemical 
affinity, and absorption of the less volatile absorbent for the vapours of the more volatile. With the 
advantage of the low pressnre of the ether, is combined the advantage of the intensity of cold pro- 
duced by the volatilization of the sulphurous oxide, avoiding its drawbacks. In presence of water 
and the ether, the sulphurous oxide is transformed, not into sulphuric acid, as before, but into 
“ sulphorinic ” acid, the action of which acid upon metals is insignificant, if not absolutely nil. The 
sulphurous acid being an extinctor relieves the ether of one of the drawbacks to its use, and acting 
as self-lubricant, renders the greasing of the working parts unnecessary. In a machine making 
6 tons of ice daily, the pressures in the condenser in normal and regular working have been 
1-1-15 lb., descending to 10-11 lb. under most favourable conditions, and reaching 2(V-23 lb. under 
least favourable conditions. The water used for condensation has been but of that needed by 
a Pictet machine of the same capacity. The smallness of pressure required renders the machine 
much simpler, ordinary valves, &c., sufficing. The New York Ice jMachiue Co. are working very 
successfully with the system in the United States. 

Bibliography. — B. H. Paul, ‘ Artificial Freezing and Refrigeration ’ (Jour. Soc. Arts, vol. xvii.. 
No. 839, London ; 1868); M. Ledoux, ‘ Ice-making Machines’ (New York : 1879). 

INDLARUBBEB, MANTTFACTtrEES. 

Under the term “ indiarubber manufactures,” will be included a description of the manufacture 
of those articles in which indiarubber or caoutchouc, guttapercha, and some allied exudations 
are largely employed. For an account of the raw materials, the reader is referred to the article 
on Eesiuous Substances. 

The name “ caoutchouc ” in England is generally confined to the pure hydrocarbon forming the 
greater portion of ordinary indiarubber ; its composition, according to Faraday, is represented by 
tlie formula The chemical and physical properties of this substance extend more or less 

to the commercial kinds of rubber, and, in proportion as a sample of rubber approaches the 
qualities of pure caoutchouc, its commercial value increases. The internal portions of best Para 
” bottle ” rubber, when dried in the dark, are sufficiently pure for any practical examination of the 
substance. The amount of the pure principle contained in any given sample may be ascertained 
by dissolving in highly rectified ether, and precipitating with alcohol, which should be repeated 
for a high purification. Ether containing alcohol, does not dissolve caoutchouc at all. Caoutchouc 
readily oxidizes on exposure to tlie air, becoming brown on the surface, which is blackened and 
rendered rotten by extreme oxidation. This coloration is removed by alcohol or alcoholized ether. 
Ixmg digestion of masticated rubber, in alcohol, renders it quite colourless ; but it becomes sticky, 
and, on exposure to the air, rapidly darkens in colour. Caoutchouc is soluble in ether, chloroform, 
carbon bisulphide, coal-tar naphtha, benzol, turpentine, and in almost any liquid hydrocarbon; 
incorporated with solid hydrocarbons, as naphthalene, or paraffin, it behaves under the influence of 
heat in the same way as a true solution. It is insoluble in water, alcohol, and acid and alkaline 
solutions; but is rapidly acted upon by strong mineral acids, especially when heated, and by chlorine, 
bromine, and iodine in the cold. Heated above 4° (40° F.), it is soft and elastic, and remains the 
same at 100° (212° F.) ; below 4° (40° F.), it is hard and inelastic, but not brittle ; when heated to 
115° (239° F.), it softens, and is decomposed into a sticky, tarry mass by standing for a few days ; 
congelation prevents this only while it lasts : heat accelerates the change. In this condition, how- 
ever, it may be vulcanized. By destructive distillation, it yields a series 6f liquid hydrocarbons, 
which have been employed as solvents for caoutchouc, as lubricators, &c. They do not possess any 
particular interest, although a study of them might furnish very important information as to the 
synthetic production of this or similar hydrocarbons ; the substances known as “ artificial rubber,” 
&c., are widely diflferent in composition from caoutchouc. Contact with oily or fatty substances 
induces the decomposition of caoutchouc. Its sp. gr. is 0-925-0 -950. On incineration, it should 
yield only an insignificant amoun? of ash. In commerce, the manufactured article is frequently 
called “ rubber ” or “ indiarubber ” ; when cured or -vulcffnized, it is called “ -vulcanized rubber,” 
if soft ; and “ vulcanite ” or “ ebonite,” when cured to a hard or homy condition. Raw indiarobber 
as qjet with in the markets is technically called “ gum.” The best descriptions, in order of piu-ity, 
are the Brazilian, Central Ameiican, Asiatic, and African. There are many applications, where 
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the inferior kinds, irrespective of their being cheaper, are better adapted than the finer descriptions. 
Para rubber yields a hard and strong material when vulcanized, but is always contaminated with 
the taste and smell of the raw product. Negrohead has a still more unpleasant taste and smell 
when vulcanized, and is softer. 

The preliminary treatment of all kinds of rubber is much the same as regards sorting, washing, 
and drying ; there is, however, a great ditference in carrying out the details of these processes, 
according to the nature or condition of the rubber, some descriptions having to be cautiously heated 
and driei whilst others are much more easily manipulated. In selecting raw rubber, preference 
should be given to packages made up of small masses, or thin pieces, and to those samples which, 
when cut and squeezed, emit little or no moisture ; bark and chips are more abundant in the drier 


kinds. 

Washing and Drying . — ^The first part of the washing process consists in throwing the raw article 
into large iron tanks, containing water, sometimes heated by injected steam for a few hours, so as to 
soften the rubber, and facilitate its cutting up before passing through the washing-machines or 
rollers. This preliminary boiling serves another purpose : as indiarubber fioats easily in water, 
any portions containing clay, sand, iron, or other heavy matters, sink to the bottom, and are at 
once detected. It is a common thing to find, instead of these heavier matters, rags, nuts, leaves, 
and wood concealed in the mass; these portions are not washed with the other, but are kept by 
themselves, as they require more careful cleansing. The adhering dirt should be scrubbed off, if 
necessary. The softer kinds of rubber must be treated with cold water, and not boiled. 

When removed from the tank, the masses of rubber are cut open with a large knife, if they can 
be suificiently examined with one incision, which is the ease with those rubbers which are met 
with in smaller masses; if in large bulky masses, as the Para and negrohead, and those which 
become massed by agglutination, it is either cut up by a revolving circular knife, or by an ordinary 
long-bl,-.ded knife. A circular knife is the most expeditious, but is, of course, more dangerous in 
case of stones being concealed in the rubber. Whichever method is adopted, this cutting up is 
either performed by the foreman of the washing-shop, or under his immediate inspection, for it not 
unfrequently happens that a classification is necessary, even with a package of the very best 
description. It is then passed to the washing-rollers, or washing-machines. 

The washing-machine consists essentially of two grooved or corrugated iron rollers, working in 
journals, and a<yustable by means of a screw, working through the front part of the iron framework. 
Each roller has a strong pinion keyed to one end, and the pair are worked by a strong toothed- 
wheel, attached to a shaft, which drives several machines. The rollers revolve in opposite 
directions, and thus drag the rubber through, while a jet of cold water— hot is sometimes 
necessary— falls upon it, preventing heating from friction, and dissolving out the soluble matters, 
as gum suo-ar, and salts, existing in the natural juices of the plant. Under the machine, is a 
wo^en’box, or frame, with a perforated zinc bottom, to let off the water, and prevent the escape 


of small fragments of rubber. „ , . . c i- 

The speed at which these machines are driven is not a matter of much importance. Sometimes 
two speeds are employed, generally obtained by working two sets of machines from separate 
shafti^ and gearing, and better by having rollers of larger diameter. By giving extra streng h 
to the machine, so as to use larger and longer rollers, labour is economized. The rollers should 
not exceed 12-18 in. in length ; for very fine washing, 9-10 in. will suffice, as they are hable to 

open out by springing. ^ j .i. 

The rubber is first passed through a few times with the rollers tolerably wide apart, and as the 
pieces of wood, bark, &e., are washed out, the rollers are gradually closed, or the rubber is finished 
off in another machine, with finer rollers set closely. With careful washing, it is almost possible to 
bring the lower descriptions of S. American, Bornean, and a few others, to a degree of cleanliness 
equal to that of Para rubber. Formerly, washing-rollers were enclosed in an iron box or case ; 
now a wooden hood surrounds the machine, when treating such rubbers as are liable to fiy about. 

A form of washing-machine which has become almost obsolete may be referred to, as it is 
Especially useful for washing up short or crumbled rubber. It consists of a fluted spindle or axis, 
with rough teeth, revolving in a strong iron box ; the rubber is supplied through an nurture in the 
top, and is removed by opening the front, which works on a strong bolt as a hmge. This rubber is 

dried on canvas trays, or strewn on a clean floor. , , v, 

The ordinary washed rubber comes away from the machines m long sheets with rough surfac^, 
and is dried by being hung up for some days in drying-rooms, heated to about 32 (90 F.) by 
steam-pipes The influence of direct sunlight on tlie rubber is prevented by painting the windows 
white or yellow. Some rubbers cannot be obtained in sheets lik? this, and are too soft for hanging 
UP • these are dried on the floors. The fubber must not come into contact with the steam-pipes; 
whk thoroughly dried, it is taken down, and stacked away on shelves, in a dry and mode, ately 
warm store-r^m, for seasoning, or for immediate use. Washed rubber improves by stacking, 
and for insulating purposes, ebonite, and the finer classes of goods, it is preferable. 
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There are great differenoea in the degree of loss of moisture and impurities even firom the same 
description of rubber; thus, old Para rubber will suffer a loss of 7-12 per cent^ whilst new or 
green rubber will frequently lose 15 per cent., or even more. Ntgrohead of good quality may be 
taken as losing 20-25 per cent. ; 15 per cent, was formerly a fair figure, but tlie practice now is 
to pack this rubber in very large masses, and frequently to empty into it non-inspissated juice, so 
that it reaches the English markets quite saturated. 

The peculiarities of the different sorts of washed robber are not easily described, although they 
are very evident to any experienced person. Washed Para, negrohead, Ceara, Borneo, Rangoon, 
and Penang, are the most important. Washed Para has the peculiar odour of the raw rubber, and, 
on drying, takes a dark-brownish colour: negrohead has a strong, rather offensive smeU, and, 
as met with in commerce, is generally of a blackish colour; Ceara has a rich light-brownish 
colour : Borneo is generally black ; Rangoon and Penang have a reddish tint when washed and 
dried. 

Masticating . — This process is necessary only for the production of sheet-rubber, slabs or blocks ; 
as it does not destroy the strength of the rubber, it frequently forms a preUminary treatment, when 
extra grinding would destroy the finnness. Pigmented masticated rubber is sometimes required. 
There are several ways of obtaining this; (1) hy incorporating the pigment roughly with the 
whole of the rubber, or only a portion of it ; (2) by mixing in the “ grinders ” or mixing-rolls, and 
finishing off the batch in the masticator ; (3) by dusting the pigments on the rubber as it is put 
into the masticator, which may cause a little loss ; (4) a useful plan in many cases is to mix the 
pigment with a little of the rubber by grinding, and to run it out as a rough sheet, which is cut up, 
and masticated with the remainder of the rubber. Since the object of the process is not to weaken 
the rubber, it is evident that the incorporation of the pigments ought not to protract the process 
more than can be helped. The heat generated in masticating, even when the machine is not heated 
by steam, renders it almost impossible to incorporate some pigments, as sulphur and red-lead, in 
this way. Very smaU proportions of dry pigmeut can be added at a time in the masticator; 
consequently, to produce heavily pigmented masticated rubber, an excess of pigment is first ground 
in by the grinders, and a proportion of this product is passed with pure rubber through the 
mastio<itor. A great deal of experience is necessary for the production of good cut sheet ; the speed 
at which the masticator is driven is one of the most important conditions for the production of a 
block from which can be cut sheets, that will not be curly, and wiU yet be sufficiently worked ilbt 
to buckle when heated, nor be rendered soft. 

Sometimes, especially in cold weather, the rubber is slightly heated on a steam-chest, before 
being put into the masticator ; but more frequently the axis of the machine is made hollow, so as 
to admit of its being warmed by passing steam through. If a masticator has been standing for some 
time, and become a little rusty, it is best cleaned by passing through a batch of some rough 
compound containing rag fibre. When newly set up, a little grinding takes place in the bearings, 
and it is important that the metal so detached should not become incorporated with the rubber. 
This renders it necessary to work the machine for a few days on some unimportant compound. 

844 . 845 . 




Fig. 844 shows a front view of the masticator, the case being removed ; and Fig. 845, an end 
view, representing the excentric ^sition of the fluted roller. The speed at which this roller 
revolves should not exceed 30-40 rev. a minute for strong masticated sheet rubber ; a greater speed 
may be used where the object is simply to partially worlr for grinding purposes. The roller R 
is east with a shoulder projecting about i in. above the plates at each end, inside the frame, to 
present the lubricant reaching the rubber. The door O, which is similar to a strong grating, is 
hinged to the upper part H of the frame, and is secured, when working, by a wedge fitting between 
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the door and a recess formed by it in the lower part I of the frame. The strong toothed-wheel G 
is keyed to the fluted roller E, anS worked off a pinion on the main shaft. The steam inlet is at 
S. The roller, by its exoentric working, kneads the rubber, and by the alternate expansion and 
contraction in the upper and lower parts of the machine, a new surface is being continually pceseuted 
to the roller. A 12-in. block will require 3-6 hours’ working, to yield a good uniform sheet when 
cut up. The length of the machine is an important matter; the longer the block, the leas is the 
waste in cutting the ends true, and generally the same is required whether the masticator will work 
up 40 or 240 lb. of rubber. These machines are made of a size to take much larger quantities 
of rubber ; but there is a limit to the size when required for fine cut sheet : a block of 240-260 lb. 
canuot well be exceeded for this purpose. The diameter is generally uniform ; the length only is 
increased when extra quantities are to be worked up. A masticator which will give a block 
12-13 in. in diameter, with a 3-in. hole in the centre, is the most practicable ; if this diameter be 
exceeded, the heat from friction will be extreme, unless the speed is very low. Should the charge 
be stopped by the block not going round with the axis, it may be forced down with a crowbar, so 
Es to grip the axis, when it will be instantly carried round. When indiarubber is being over- 
masticated, it emits a peculiar odour, as if being roasted, and the block will be full of holes or 
cavities, and will have a darker colour. 

Block Rubber . — After the block is taken from the masticator, it is forced into strong cast-iron 
moulds, which are first moistened inside with a little soap and water, to act as a lubricant. 
The blocks are produced in two forms, depending upon the means at hand for cutting them up ; — 
(1) They are forced into long iron boxes, fitted with covers, which are forced 
down by a screw-press ; as the mass yields, an extra turn is given to the 
screw. The block remains in the press for a few days or a week, when it 
is taken out, and placed in an ico-house or cool cellar. (2) Cylindrical 
moulds are now most generally employed, since from them are obtained 
blocks which can be cut up into continuous lengths, whereas the other 
method will only yield sheets about 6 ft. long. These moulds. Fig. 846, 
consist of a cast-iron cylinder. A, carefully turned inside, and sometimes 
enamelled, with a recess or projection at the bottom, upon which rests a 
strong circular plate or disc B, with a 4-m. hole in its centre. This is first 
fitted into the mould, then the rubber is forced in by sledge-hammers, and 
removed to a powerful screw or hydraulic press, where it is forced fairly 
down into the mould. On the top of the block, fitting evenly into the 
mould, is placed an iron plate C, similar to the one at the bottom ; and 
through the central hole, is forced a strong bolt or pin P, which passes 
through the rubber and the hole in the bottom plate of the mould. After 
the whole is well pressed, the pressure on the blocks is secured by keys or 
wedges, which pass through a slot cut in the lower part of the bolt, and can 
then be removed from the press to make room for other blocks. During the 
day, these blocks and moulds are again passed into the press, and forced 
with the screw, until they yield no more when other wedges are driven in as before. They are 
then transferred, without removal from the moulds, into a cool cellar or ice-house, until perfectly 
set and hard, when the moulds are emptied. The blocks remain in ice until required. They are 
sometimes hardened by being placed in a strong current of cold air, such as a chamber opening 
into tbe main shaft of the factory. 

Other methods are in use for obtaining blocks of rubber from the raw and washed articles, 
which consist in forcing it into moulds without masticating, and consolidating it by placing the 
moulds, keyed or wedged together with their charge, into a heater at about 116° (240° P.) for a few 
hours. Washed Para yields good sound blocks in this way, but the rubber is deprived of more 
of its strength than if masticated, and is darker in colour. 

Sheet Rubber . — The blocks are next cut up into sheets of different thicknesses. The square 
blocks are clamped to a plate, which can be raised to any height, according to the thickness of 
sheet required ; this passes forward to an oscillating knife, which slices-up the rubber. The knife 
can be set in the opposite direction, so as to make another cut as it passes back again, and so on. 
The cylindrical blocks are forced upon a stout spindle, of the size of the bolts passing through 
them ; this spindle rotates in front of a similar, though much longer, knife ; the thickness of sheet 
is regulated by the feed-wheels, which are changed as required ; and when the machine is once 
started, a block can be cut without any further attention, i^less demanded by a defect in the 
machine itself, which occurs generally in the friction arrangement which works the feed-gearing. 

These machines are worked at very high speeds, and a good supply of water is kept continually 
flowing over the knives. The sheets are generally hung up to dry and season, and are soaped, and 
laid carefully one on the other, or rolled up for stowage. This cutting-up must be done in^ cool 
place, for if the rubber gets soft, it must be again placed in the ice-house to harden ; soft spots or 
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patches in the b’ochs will lead to inequalities in the thickness. These sheets are mannfactured for 
tobacooJpoufhes, tubes, and other articles which are required from masticated rubber ; such have a 
scries of very flue lines or marks, which correspond with the strokes of the knife in cutting. Raw 
Para, or just crushed between rollers fii st, gives a curiously mottled sheet, very strong, and not so 
easily acted upon by grease or exposure ; it is consequently much used for the backing of wire 
“ cards,” and is even said to be as durable as leather for this purpose. The production of this sheet 
is a specialty with a few manufacturers, who cut up the raw article, and wash it at the same time 
in a kind of mincing-machine, in which a series of knives work backward and forward, or 
transversely, as required. 

Tape SiAber . — ludlarubber fillets or tapes are cut from sheets, by winding the quantity required 
upon a wooden mandril, and securing the last lap, so as to keep the whole firmly together, either 
by means of a little naphtha or solution of rubber in naphtha. Knives are forced against the 
rubber as it revolves in an ordinary lathe, whilst a jet of water flows over them. A series of 
fine cutters, worked by a self-acting slide-rest, may be used in the same way to produce thread. 

The rubber, when cut, is very weak, in fact it aannot bear stretching at all. It is run off the 
rollers or mandrils into a wooden zinc-lined tank, containing water heated to 60° (140° F.); this 
process seems to anneal or seal the edges, for, on hanging up for a few days after this operation, it 
is foTmd to have acquired extraordinary strength. By carefully stretching it, and keeping it 
distended for some time, it remains elongated ; when thrown into warm water, it Instantly regains 
its original dimensions, but is much strengthened ; by repeating this, its tensile strength may be 
increased 5-6 fold. 


In passing tapes and threads into hot water, some care is required, as if they are allowed 
to stick too closely together, they are spoiled. After standing in the warm water for a little time, 
they are passed through the hands into cold water, to remove the stickiness, and are hung up to 
dry. Soap lye, alkalies, methylated spirit, and white finish, are sometimes used to prevent this 
stickiness. In telegraph work, water alone is used, as foreign matters prevent consolidation when 
heating. Rubber which has been passed only through methylated spirit, much better resists 
decay ; this may be due to the wood-naphtha present. 

Stretched rubber keeps longer than unstretched ; this is not easily explaineil, although it seems 
that decay is a matter of simple oxidation. It must be preserved from direct sunlight and beat ; 
if heated, it rapidly changes into a viscid substance, unless vnlmnized. If, at this stage, it be 
kept in a cool dark place, it undergoes no change ; but if it be heated, and then set by under the 
same conditions, it will gradually soften, and become rotten, after a time apparently drying up 
into a brittle resinous-looking substance. These changes are, according to the late Dr. W. A. 
Miller, due to the direct combination of oxygen with caoutchouc. The liquid condition which 
precedes this drying-up is not satisfactorily accounted for. 

Dunlop’s tape-cutting machine, Fig. 847 is very convenient for producing fillets for insulating 
telegraph-wire. Discs of rubber, cut from a cylindrical block, are secured on the vertical shaft N, 
by screwing down the 
nut O; by turning the 
handles T, the rubber is 
moved up to the fluted 
brass roller M ; the shaft 
C, worked by a band, 
gives a uniform motion 
to M, through the worms 
F G, and the spur-wheels 
H I K L. As the discs 
are cut away, N revolves 
at a 'higher speed, and 
with it the whole of the 
feed-gearing, so that the 
tapes are cut of a uniform 



thickness. 

Thread Rubber . — Thread is frequently obtained from spread vulcanized rubber ; the red which 
is made with antimony, and the black with sulphide of lead, are the most durable ; vulcanized 
pure rubber more quickly gets rotten. The spread sheet is first desulphurized, and is then wound 
very evenly and tightly on a woodei^mandril, and is uniformly stretched ; the whole is well bound 
up with canvas, or, preferably, a sheet is cemented over it; it is then cut up in an ordinary lathe, 
or the sheet is laid on a table, and cut up by a series of travftsing circular knives. 

The sheets, either spread or masticated, are lapped around a mandril, and mounted in a lathe 
with ^ self-acting slide-rest. A cutter moving from the circumference to the centre cuts off threads 
from its ends. After each cut, the tool is moved. Dunlop’s improved machine provides for the 
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rapidly simnltaneous motion of the cutter in its outward and onward direction, by a roching-shaft 
attached to a sliding-arm, on which the tool-holder is linked. This shaft receives its motion by 
means of two curved tails attached to it, and which are acted on by studs on the faces of two 
wheels, one on each side of the curved tails. The studs, acting on the two tails, alternately 
produce the rocking movement ; the wheel which produces the inward motion, or cut, carries 
usually six studs, and moves slowly, so as to work the cutter gently into the rubber. The feed 
motion is given by means of a cam on the axis of the last-mentioned wheel, which acts on the lever 
of a clutch, and clutches for a time a spur-wheel, which drives the feed-screw. The length of time 
during which the clutch is held in, so as to drive the feed-motion, is regulated by a disc in connec- 
tion with the feed-screw ; this disc has notches in it at regular intervals, into which drops a 
projection on the clutch-lever ; and when this lever is raised by the cam, it cannot return until the 
feed-screw has travelled so far as to enable it to fall into the next notch on the divided plate or 
disc. 

A series of very fine cutters carried on a slide-rest worked by hand is a convenient way for 
cutting up thread on a small scale. The sheet should be very evenly and tightly wound up, so as 
to avoid inequalities of thickness ; and the last lap should be cemented down, or a sheet of 
compound, which can be rcc.illendered, should be tightly bound over it and secured. This same 
method is applicable for cutting small rings, washers, &c. Bound thread is obtained by forcing 
plastic rubber or its compounds through dies, whence it is received into water, to prevent sticking. 
It is dried and cured by the cold process. 

Thread is tested by attaching a given weight to a certain length : it should not break, and little 
or no permanent elongation should be perceptible. Thread rubber is used for elastic webbing, 
braids, &c. In braiding, the threads of rubber are kept stretched to about double their natural 
lengths, so that on releasing, the braids have a full and even appearance. Elastic webbing is pro- 
duced by cementing thin vulcanized sheet between two elastic woven fabrics, or by heating the 
vulcanized sheet between grooved surfaces, under pressure, so as to give it a corrugated surface. 
The oily matter given off in bodily perspiration is very detrimental to these webs, causing them 
to become quite sticky and soft, when their elasticity is completely destroyed. Webs may be tested 
by suspending them in a chamber heated to 38°-49° (100°-120'’ F.) for several days ; in some cases, 
with slight distension. If moistened with a little coal-tar naphtha, 
they should show no disposition to soften. . _4 

Fig. 848 shows a contrivance for testing rubber thread and tape. 

It consists of a light wooden frame A, 6 ft. high, bolted to the floor ; 
the sides are slotted, so that the rollers E E' can move freely through 
the greater part of the length of A ; a paper scale S is attached to the 
back of the frame ; E is rigidly attached at A to a movable support ; 
the lower roller E' carries a light scale-pan or hooks for supporting 
weights ; between E and E' is the material to be examined. Instead 
of weights, a delicate spring-balance may be conveniently employed. 

Dissolving Rubber. — The solvents of imiiarubber have already been 
alluded to. Those chiefly used are “ solvent ” naphtha (sp. gr. 0 ■ 850 
at 60° F., boiling at 240°-250° F., and leaving no more than 10 per 
cent, residue at 320° F.), shale spirit, and benzol. Slixed with puri- 
fied solid paiaffin, by grinding together, rubber will acquire the 
property of melting by heat, and setting solid again when cooled. 

Solubility is promoted by grinding or working. Baw or washed 
rubber is less soluble than that masticated or ground, and well 
ground rubber is more easily taken up than that which has been 
less worked. All descriptions of raw rubber, in the same stages of 
manufacture, do not exhibit the same degree of solubility: the better 
qualities are less soluble than the inferior. Generally, washed rubber 
is used for dissolving for waterproofing. There is no doubt that in 
the case of Para rubber, and some of the other cleaner kinds, the 
process of washing could be dispensed with, provided the raw article 
could be freed from adhering dirt, crushed between grinders, and 
afterwards hung up in a dry and warm room to season. The mixture of indiarubber and solvent 
is technically known as “ solution ” when thin, and as “ cement ” when thick. 

When pigments are to be incorporated with the solution, t^e easiest plan, in most cases, is to 
grind the rubber and pigments together, run out into a thin sneet, and digest in naphtha, with a 
slight stirring as it is added. The finishing is performed by dough-mixers or rollers, after which, 
for the better class of goods, the softened mass is forced through wire gauze, by means of a powerful 
screw-press. Coloured solutions are sometimes used as paints : the dry pigments are mixed in with 
the rubber in a volatile solvent. The stiff solution of rubber used for spreading is technically 
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called “ dough.” In handling this, the workman uses a little soap, so as to prevent it sticking to 
his fingers. 

Spreading and Waterproofing JlArios.— The treatment of fabrics which are to be “proofed” by 
spreading, consists in passing them through a pair of calenders, with the object of pressing down 
knots, and giving a smooth and even surface; after this, they are passed over a steam-chest, to 
expel moisture, when they are ready to receive the first coat. This is usually a different mixture 
&om the bulk of the proofing, and is called a “ sticking-coat,” its object being to. secure adhe- 
sion between the fabric and rubber ; it is generally incorporated with colouring pigments, white 
or black, so as not to allow the general mixture to show through the cloth, or alter its appearance. 
A httle oxide of zinc, or whiting, is used for white or light-coloured goods ; Frankfort and other 
blacks are used for dark goods. The coats, as applied, are dried by passing over a steam-chest, 
when the fabric is again brought to the front of the machine for another coat, and so on. Some 
descriptions of goods have a finishing coat of better quality or mixture, in some cases containing no 
sulphur, nor any pigment whatever. The number of coats varies from three to seven, according to 
the class of goods, and the weight of material which is to be put on. 

Machines are now employed which work on the continuous principle; hut as they require more 
space, so as to allow each coat to dry in time to receive another, it is not certain that there is much 
gain in using them. 

Methods have been devised for collecting the naphtha vapour and condensing it ; the principal 
objections to these arrangements are that they interfere with the workman’s being able to see his 
work as it passes over the steam-chest, and do not allow the naphtha itself to pass off so com- 
pletely, owing to the partial obstruction. The enormous quantities of naphtha which are dis- 
sipated in the spreading-rooms of some of the largest estaljli&hments, afford sufiicieut evidence 
of the want of some suitable means for this object. One plan which has been used, and which 
certainly does collect some of the naphtha, consists of a rectangular iron hood, of sucli dimensions 
as to cover the stcam-chest, or the greater part of it, and laised towards the middle, where it opens 
into a zinc chimney or flue, and passes down, outside the budding, into a receiver, kept cool by 
running water. The vapour is mixed with so much air, which passes away charged with the 
naphtha vapour, that it is only possible to collect a very small proportion of the latter. Bruce 
Warren’s method has been used with greater success. Its peculiarity is in collecting the naphtha 
vapour by indiarubber, which is capable of abstracting solvent vapours from air charged with 
them. The air, loaded with the vapour, is made to traverse a series of trays containing laminated 
rubber, which is required 
either for solution or for 
dough ; or the naphtha 
may be recovered by dis- 
tillation, and the rubber 
be used over again. 

Fig. 849 shows an ar- 
rangement for spreading 
and doubling at one opera- 
tion. B is a roll of fabric, 
passing under a knife I), 
in the front of which is 
placed, along the whole 
width of C, a roll of dough 
or cement. E E are two 
beams of yam, warped iu 
the usual manner, passing 
thrdhgh the reed F, and 
on to the adhesive surface of C. The pressure regulated by H on the rollers A' A* A^ firmly unites 
the whole into one fabric G. Instead of the yarns, a woven fabric or fleece may be employed, 
as on B. The rollers are hollow, so as to admit steam for spreading guttapercha, pitch, resins, &c. 

Drying Spread Fabrics . — ^After the goods leave the spreading-machines, they are hung up for 
a few days in a warm room, so as to expel the little naphtba which is retained by the rubber, 
and which it gives up very slowly. This drying helps to remove the smell of tlie naplitha, and 
prevents blistering in curing. The quality of the solvent used, and the temperature of the drying- 
room, determine how long this “ hanging up ” must last before curing. As indiarubber licks up, as 
it were, the vapours and odours which float about in the drying-room, it would be infinitely better 
to have a series of drying-rooms, so as not to hang up thd more recently spread goods with those 
which have more or less completely lost their smell of naphtba. Goods which are cured by the 
cold^process are hung up in the same way ; but as they have always a more disagreeable smell, 
they should have a separate hanging-room to dry in. 
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Preparing Fabrics for Curing . — When spread cotton goods have become tolerably firm, or quite 
dry, they are wound upon hollow sheet-iron cylinders, for curing in open steam, or in a steam- 
jacketed heater. As the condensed steam spoils these goods, they are carefully wrapped up 
as air- and water-tight as possible. Since wool and silk are destroyed by the heat necessary to 
cure indiandrber in this way, the cold process is the only eligible method of vulcanizing. Very 
frequently, however, cotton goods are treated in the same manner. 

In packing tlje goods for the steam-heater, ,care must be taken that the fabrics are wound 
without creases, and are not stretched, as the fibres of the cloth, after curing, will retain their 
distorted appearance Double textures are simply wound up; but “surface” goods are first care- 
fully brushed over with very fine French chalk, no excess or loose chalk being allowed to remain. 
They are then wound up ; but, as this necessitates the rubber surface coming into contact with the 
cotton surface, whereby it is liable to be marked, it is more usual to run two pieces together, with 
the rubber surfaces against each other. This not only prevents marking, but secures an even 
surface ; blisters, from dampness in the cotton, are also prevented. 

Double textures are obtained by pasang the proofed fabrics through a pair of rollers (the 
doubling-machine), whilst tlie surfaces are still sticky or adhesive ; these are vulcanized, if 
required, by means of sulphur incorporated with the compounds, and steam-heat. The doubling- 
rollers are of solid cast-iron, with turned surfaces, 6 ft. long. One is fixed, while the other can be 
moved by a lever, so as to admit the fabrics to be doubled. As they revolve in opposite directions, 
they draw the fabric through, and, when tightened up, press the two coated surfaces together. 

Indiarubber Felt. — Indiarubber-felt, fell-paper, or Clark’s patent felt, is used for a variety of 
purposes, such as covering damp walls, protecting silk and other wares from dampness during 
water-transit, covering telegraph-wire, roofing, &c. Although indiarubber is now entirely used, 
guttapercha, alone, or mixed with resins and other matters, has been employed. A pair of ordinary 
mixing-rolls, running at equal speeds, receive over each a cotton fleece, which is delivered from 
the carding-machines stationed on opposite sides, so that the two fleeces enter together between 
the roUs, and passing down through an opening in the floor, are led away, or rolled up. A soft 
dongh is carefully laid between the rolls, and as the fleeces pass through, the rubber is squeezed 
into them. The fabric is vulcanized by incorporating sulphur with the rubber mixtures, and 
curing in the same way as ordinary spread fabrics. If made with good rubber and naphtha, it 
should not feel clammy nor soft, but should be dry and tough. Paper can be similarly treated: 
and, for damp walls, &o., would in many cases be as useful as cotton, while much cheaper. A few 
years ago, coppered cloth made from this felt was recommended for roofing purposes; it was aban- 
doned principally because the rubber decayed, thus leaving nothing to support the metal. By 
vulcanizing, the rubber could be preserved, but it is not certain that the sulphur, by acting on the 
copper, might not be a source of fresh trouble. Iodine or bromine incorporated with the rubber 
would not be liable to this action on the copper. It should form a very useful protection for iron 
plates on ships, and might be used for a vaiiety of purposes, as it could be cemented on, and, if 
the cement contained sulphur, or other curative agent, it could be vulcanized by holding a heated 
body against it. 

Grinding and Mixing.— 'Fhe incorporation of pigments is effected between a pair of smooth rollers, 
running at unequal speeds (as 3 or 5 : 2). The rubber is first ruu through several times by itself, 
so ,as to soften it, and draw it out into sheet form; the pigments are dusted on as the rubber 
passes through, the process being continued until the whole is roughly blended. The rollers are 
then forced nearer together, by which the mixture is finely and more evenly ground, when it is 
ready for the calenders. 

The grinders or mixers, consist of two very strong rollers A B (Fig. 850), 14-18 in. diameter, 
and 40 in. long, revolving inwards, so as to drag the rubber between them, and the rollers are 
hollow, so that steam or cold water can pass through them. They work in movable journals, 
as they require to be opened and closed. Equal-speed mixers are used for working the com- 
pounds into a more plastic and softer condition. They do not grind so well, and are consequently 
only used for special purposes. Grinders with shorter and stouter rollers are necessary for working 
up waste, and operating on more heavily-pigmented compounds. The less the compounds are 
worked or ground, the stronger will be the rubber when vulcanized or cured ; on the other hand, 
if too hard, it cannot be so well calendered. Articles cured in moulds, as springs, washers, and 
valves, cannot easily get out of shape, or contract ; but packing, and articles not cured in moulds, 
are shrunk well in boiling water before curing. As a rule the stronger the natural rubber is 
before mixing, the better and more elastic will be the manufactured article, if properly handled 
in grinding and mixing. An experienced calender-man can run out compounds into sheets with 
as little grinding as possible, whilst others require the rubber quite “ killed.” 

Calendering . — Calenders are made with 2 or more rolls, according to requirement. Their object 
is to draw the compounds into sheets. Except in being more massive, and with the rollers 
arranged one above the other, and running at equal speeds, they are constructed in all respects 
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the same as grinders. By bringing the rollers closer together, the sheets are made finer. A 
cloth is generally passed through the roll with the compound, and receives a coating on the side 
next the compound ; it is passed through several times, until the desired thickness is obtained. 
All that is necessary is to raise the upper roll each time, and to bring the sheet from the front to 
the back of the calenders. For packing, the cloth is afterwards stripped qflT, therefore the first 
coating must not be run on too tightly ; for sheeting, hcse-cloths, &c., the reverse is aimed at. 

Compounds for telegraph-wire are run out without cloth, and, on leaving the rolls, are received 
on a band or coated fabric, and wound up together. In some cases, the under side of the 
calendered compound is run over a roller, revolving in a trough of varnish made of shellac and 
methylated spirit, the object 

being to prevent sticking when fsi. 

wound on bobbins. Calendered 
strips or tapes are obtained by 
pressing down upon the roller, 
which carries the rubber round a 
series of cutters or dividers, the 
width of which can be varied. 

These strips are received in the 
same way, varnished, or other- 
wise. Care must be taken in 
these cases to keep the roller 
free from any soiling by the 
fingers, otherwise the compounds 
cannot be easily drawn off, but 
will be continually carried round. 

Highly worked mixtures cannot 
be so well managed as those 
worked for a shorter time, and 
moderately pigmented. As ad- 
hesion is essential between all 
the parts of a telegraph-wire, the 
compounds must not be calen- 
dered so hard as to prevent this. 

Calenders running at a slightly unequal speed are used fur driving compounds into the meshes of 
fabrics ; the grinding action opens the cloth by stretching, and forces the rubber completely through 
the fabric. Belting, hose, and packing-cloths, are thus treated. Sometimes a little naphtha or 
solvent is incorporated with the compounds, so as to make them more soft and sticky. Not 
unfreqnently hose-linings, Ac., are spread, instead of being calendered. 

To avoid soiling the surfaces of a calendered sheet, it is usual to run a loose cloth, or, if both 
surfaces are calendered with rubber, two cloths with it, which also prevents sticking together. 
Finished sheets are brushed over with flour or French chalk : when the latter is used, the surfaces 
are permanently soiled ; but wlien it is necessary to prepare these surfaces for cementing or joining, 
they are brushed over with flour, which can be removed when required by wa.shing with water, taking 
care to allow all the moisture to dry off atterwards. Fig. 851 represents a set of 4-roll calenders, by 
Crossleys, Manchester : A B C D are 4 chilled-iron rollers, cast hollow, so as to admit steam or 
water. A D can be moved nearer to or further from B C, by screw-gearing, worked by a capstan 
or wheel W. It is general to drive the calenders by a special engine, so as to ensure a well 
r^ulated speed, which is not so easily attained from a main-shaft. S are spindles, for carrying 
drums, cutters, &c., necessary for the different calendering operations. 

Vaive-cutting. — Fig. 852 represents the most improved form of circular cutting-machine, manu- 
factured by Crossley Bros., Manchester. It can be driven by baud, or by a belt from an over- 
head shaft. By means of the lever L, the cutting arrangement can be raised or lowered on the 
axis A ; it is lowered gently by hand, while in operation. As it fits loosely on the axis, it is not 
carried around with it. Attached rigidly to the axis, are two square bars, each carrying a knife 
K, and a small can W for holding water; from these, pipes P deliver a stream of water in 
front of the knives, to keep them cool. When the knives, Ac., are in position, they are preventetl 
from shifting, by clamping to the bar. A screw enables them to be moved with accuracy. The 
sheet to be cut is placed quite flat under the machine: one screw is worked until the knife is in 
position for cutting out the centraniole; the other knife is moved out for the required diameter ; a 
belt working on the fast-puUey F sets the whole in motioft, when the lever L being pressed down, 
the valve is gradually cut out. If no hole be wanted in the centre, one of the knives is removed, or 
drawn out so as to clear the sheet. A stop-cock, not shown, regulates the flow of liquid from W. 
The machine is bolted to a bench, so that a long sheet can be operated on. The knives should first 
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be pressed down slightly, and the machine be driven slowly, preferably by hand, so as to just 
mark the dimensions before completing the cut. A circular knife is most expeditious for cutting 
np small articles, such as stationers’ rubber. The article is first obtained in long strips, a gauge is 



fixed for the length on the table in front of the knife, and the rubber, moistened with water, is 
simply pushed up to it. 

Insulating Telegraph- Wires. — The methods of applying iudiarubber to this purpose are : — (1) by 
lapping fillets on the conducting-wires, as they are led away ; (2) by passing the wire and fillets 
between a pair of circu- 
lar cutting-discs. More 
frequently, the two me- 
thods are used conjointly. 

When the core is to be 
vulcanized, especially if 
the coatings are applied 
longitudinally, it shoxild 
be evenly, but not too 
tightly, bound round with 
a cotton or felt tape. 

Special care is required 
in preparing all the ma- 
terials : imperfectly mas- 
ticated rubber, or com- 
pounds not sufficiently 
worked in the mixing- 
machines, will invariably lead to failure. The selection and preparation of the pigments cannot 
be too carefully studied. The conducflng-wire will not remain central, if the rubber is soft or 
overworked, nor if the pressure between the discs on the upper and lower fillets is unequal. A 
hard rubber will not easily unite at the edges when cut, nor will the adhesion with the previoi* or 
subsequent layers be reliable. This is the most important object to be attained. The pigments 
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must be well sifted and dried, the grinding and mixing should be of uniform duration, and the 
temperature be kept as regular as possible. 

Telegraph-core is cured, either on drums, when it should not be too tightly coiled on, or by 
being laid down loosely on long oval trays ; in the latter case, several trays are superposed. Small 
wires may be laid in a mixture of Trench chalk anil sulphur, or may be drawn through a tar and 
sulphur bath. Joints are cured generally in a mixture of beeswax and sulphur, at a high tempera 
ture ; they should be tightly lapped in two or more coverings of tape. The great point being to 
ensure consolidation of the rubber coating, cleanliness, freedom from damp, and careful binding, 
must be attended to. 

Indiarubber cores are largely used for torpedo and military telegraphs, from the fact that they 
are less easily injured than guttapercha by rough handling or heat. As an insulator, indiarubber 
possesses a superiority over guttapercha, in having a much higher resistance, with considerably 
lower capacity ; in practice, however, whilst these superior merits are retained, its manufacture is 
not attended with that certainty of success met with in guttapercha. In the earlier days of 
insulating with tlie former, the masticated form in tape was used, the lappings were consolidated 
by heating, and were not vulcanized. The coating rapidly decayed on exposure to air and 
light. This led to the introduction of several methoils of applying vulcanization to the rubber, 
either by mixing sulphur directly with it, or by allowing an inner coating of rubber to take 
up, under tlie action of heat, a certain proportion of sulphur from a superposed coating, so as to 
produce perfect vulcanization with a very small quantity of suljihur. Cry-stallization of sulphur 
takes place, when it is used in excess, and an efflorescence follows, which renders tlie coating 
porous and electrically defective. Only a few pigments are admissible in this manufacture ; most 
metallic oxides, except the black oxide of manganese (manganic dioxide), and the puce oxide of 
lead, can be used, as well as their carbonates and sulphides. Soluble salts are iuappropriite ; 
earthy minsrals, as French chalk, silica, &c., which are not hygroscopic, are not objectionable ; 
asphalt, pitch, and a few resinous substances in small quantities do no barm. 



Indiarubber fillets are lapped around telegraph-wires' by the “ lapping-machine,” Fig. 853. 
The frames are best made of wood, so as to avoid chilling the rubber in cold weather by contact 
with metal. In the construction, every precaution must he taken that no oil, dust, or grease can 
come into contact with the rubber or wire: consequently the driving-gear should all he placed 
under or below the machine. A hollow mandril A, carries a head-stock B, to the face of which are 
attached the spindle C, for carrying the bobbin of tape, and a balauce-spindle D, as this machine 
is driven at very high speeds. To the mandril is fixed a pulley E, for driving the machine by a 
belt. The draw-off arrangement is worked off the same mandril by a worm-wheel M, working into 
a bevelled tooth-wheel N ; to the axis of the same, is attached a small iron drum O, around which 
two or three turns of the wire are taken, and thence to the wooden drum F, where if is wound up. 
The wire is wound upon the drum G, which is worked by the draw-off gearing, a friction-plate or 
strap H preventing its going round too fast, so as to keep the wire rather tiglit. The drum P is 
turned round by a belt driven off G; this belt can be tightened or made slack by friction-wheels 
I, as its speed must be regulatecf, according to the diminisMng diameter of the contents of G. 
The draw-off arrangement determines the length of lay ; ^-the friction on the bobbin regulates the 
tension on the tape, and consequently its thickness ; a spring attached to the spindle can, by means 
of a small screw, give the necessary friction to the bobbin. 

Indiarubber is applied longitudinally to telegraph-wires by moans of circular cutting-discs. 
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Fig. 854, grooved to the required size of the core. These cutters are movable, so as to admit of 
covering different sizes of wire. A stout iron frame A is firmly bolted to a wooden table. By 
means of the handle H, the upper disc can be lowered or raised for any final adjustment; it 
is essential that these discs be of exactly the same diameter, and driven at prteisely the 
same speed. The discs D are made of Bessemer steel, about J in. thick and 8 in. in diameter, and 
are carefully turned, so that their cutting edges are just prevented from working on each other ; 
a hole through -their centres admits the spindles, 
which are supplied with nuts for screwing the 
plates P and discs D together. When more 
than one pair of these cutters is used, they are 
arranged so that the seams in the rubber coatings 
do not coincide; they are best at right angles 
to each other. Guides are placed in front of 
the cutters, so that the tapes entering with the 
wire are kept in their proper places ; the portions 
sheared off are received in trays by the work- 
men. The tapes are wound up on flat circular 
plates, about 10 in. in diameter, which have fixed 
to them a circular piece of wood, corresponding in 
thickness to that of the tapes. The tapes must 
be carefully wound, so as to avoid sticking while 
being drawn off by the travelling of the wire, 
through the machine. To secure centrality, Ihe 
pressure must be uniform, unequal tensions being 
avoided. The tapes must be of equal thickness, 
and, as near as possible, equally plastic ; this is 
obtained by uniformity in grinding and calendering, and subsequent maintenance of equal 
temperatures. The condition of the compound must be such that a gentle pressure causes them 
permanently to unite at the recently cut edges. The surface of these tapes, forming the outside of 
the core, is varnished with shellac dissolved in methylated spirit, to prevent adhesion when wound 
on the bobbins. 

A form of cutting-disc used for making joints has the discs working outside the framework, and 
is moved by a handle. Similar appliances are convenient for making tubing, &c. The edges are 
well squeezed together, and the supeifluous rubber is cut away by a rapidly revolving circular 
knife. Attempts have been made to use one tape only in covering wire ; the air which is thus 
enclosed has been the barrier to its success, but it may be very conveniently adapted for making 
small tubing. 

Ko material or compound is suited for an insulator unless it possesses a higli resistance, and is 
impervious to moisture. A simple method of testing a sheet is shown in Fig. 855 : E is an electro- 
meter; W, a small weight of metal, resting on the sheet S, and occupying the central portion of its 
surface, so as to give a margin of 1 in. all round ; the sheet is placed flat on a table or board. A 
dry glass rod, or ebonite tube, is rubbed with a silken cloth, and tlie knob of the electrometer is 
touched with it, when the instrument, if in good order, holds the 
charge thus communicated to it for several minutes, wi'hout an 
appreciable loss. It is now connected with the piece of metal 
resting on the sheet, and recharged. An idea of its insulating 
value is readily obtained by noting how long it takes for the 
pointer of the instrument to fall through any proportion of the arc 
to which it was originally deflected. Fig. 856 shows a simple 
method for testing the impermeability of a material to water. The L 
material is made into a small bag B, which is fillid with water, and 
closed with a metallic stopper, reaching down into the middle of the bag. It is placed in a tin 
box, filled with water. By pressing down the key A, the interior of the bag is charged by the 
battery, and on releasing A, and pressing down B, the charge thus communicated is sent through 
the galvanometer G. The deflection is noted. The bag is now recharged in the same way ; on 
releasing A, the charge left in B is measured, after a few minutes, by pressing down D; the 
difference between these deflections will show what proportion of charge has leaked through. As 
sulphur rapidly destroys copper-wire, the latter should be wel4 tinned, or coated with solder, when 
insulated with vulcanizable compounds. 

Ozokerit and paraffin-wax mixed with indiarubber have been recommended as insulating 
materials. Warren’s “bromo-,” “iodo-,’’ and “chloro-” caoutchouc wires arc made by imbedding 
rubber-covered wires in mixtures of French chalk and iodine, or bromine, or by immcrsi#n in 
solutions of these agents, or in an aqueous solution of chlorine. Eubber thus tn ated has all the 
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properties of being vulcanized, and, according to the time of immersion, will be rendered soft and 
elastic, or hard and inelastic, like vulcanite. 

Other Applications of Indiaruhber . — In America, rubber incorporated with iodine or bromine, 
mixed with turpentine and a very small proportion of sulphur, has been used for dental purposes ; 
it cures perfectly hard at 149° (300° F.), in short heats, and the incorporated pigments retain their 
bright or natural colours. Dental rubbers are supplied in the uncured state, and are vulcanized 
in a plaster mould. The pigments principally employed are the red sulphides of mercury and 



antimony, oxide and sulphide of zinc, with 40-50 per cent, of sulphur. It is important that no 
pigment used should be capable of being removed by weak organic acids ; on this account, oxide 
of zinc is more often replaced by sulphide. Newborough employs a little iodine or bromine, mixed 
up with turpentine, which, in this form, does not act immediately on the rubber ; this enables him 
to use a considerably smaller propoition of sulphur, to obtain a perfectly hard compound at 149° 
(300° F.) in a much shorter time, and in addition, the colours of the pigments ere less damaged. 
It is very probable that the use of iodine and bromine, with or without sulphur, may lead to the 
introduction of less objectionable pigments than those now employed. Some of the earthy silicates 
are not seriously affected in colour by sulphur, when incorporated with rubber. Compounds 
containing red antimony are sometimes met with containing Spanish brown, rose-pink. &o. India- 
rubber mixed with phosphorus was patented by Parkes for producing moulds for electrotyping. 
Eubber is extensively uoed for giving a body to petroleum oils, when used for lubricating. 

Curing or Vulcanizing . — When iudiarubber is mixed with sulphur, and heated sutficiently, it 
acquires properties strikingly different from those of the original aiticle. The tests which are now 
accepted as evidence of vulcanization may be contrasted with the behaviour of uuvulcanized rubber 
under the same agents : — 


Un VULCANIZED OB EaW Kl'BBEB. 

Heat. — Cannot be heated above 115° (240° F.) 
without decomposition setting in ; if not at once 
visible, becomes very perceptible in a few days 
at most, especially on exposure to air or light. 
Heated to 118°-121° (245°-250° F.) for a little 
time, becomes soft and sticky, and finally is 
converted into a viacid liquid. Becomes quite 
hard at 4° (40° F.), and is readily softened by 
being held before a fire, or plunged into water 
heated to 21° (70° F.). 


Stretching. — When stretched and kept drawn 
out for a little time, will retain more or less its 
elongated condition, and, if heated, will return 
almost to its original length. 

C-' 


Vulcanized oe Cubed Eubbeb. 

Maybe heated above 115° (240° F.) without 
any visible change, and does not become solt 
or sticky if heated for hours at 121° (250° F.). 
Higher temperatures, as 1.32° -138° (270°- 
280° F.), continued for a few hours, may render 
some goods soft and clammy, which is regaided 
as indicating imperfect manufacture. No change 
is perceptible when placed in a fieezing-mixture, 
unless the rubber is imperfectly vulcanized. 
Water heated to 21° (70° F.) has no marked 
effect on its hardness. The effect of cold is 
more readily perceptible than that of heat on 
imperfectly cured rubber. 

Should be perfectly elastic or nearly so. 
Imperfect vulcanization is soon perceived by 
stretching, and measuring its increased elonga- 
tion. Heat causes it to return slowly to its 
original length; if more thoroughly cured, it 
has scarcely any effect in this direction. 
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UNVULCAinzED OB Eaw Kubbbe — continued. 

Solvents. — Coal-tar naphtha dissolves it 
slowly, but soon renders its surface slimy 
and sticky. Other forms are more readily 
acted on by solvents, and yield in a few hours 
a gelatinous-looking mass. On evaporation, 
the rubber is left more or less sticky ; by 
completely driving off the naphtha, the rubber 
is recovered either with its original properties 
unaltered, or perhaps a little soft. Inferior 
rubbers will remain sticky. 

Boasting. — Quickly passes into a tarry con- 
dition, and emits a peculiar odour, not garlicky, 
nor sulphuretted. The uncharred portions 
quickly pass into an unctuous mass, after a 
short exposure to the air. 

Sulphur. — Immersed in molten sulphur, it 
is converted into vulcanized rubber. 

Uniting. — The freshly cut edges are easily 
joined by pressure with a little heat. 


Vtjmanizsd OB Cubed Ecbbbb — continued. 

Unless highly cured, swells a little, but does 
not become sticky ; if highly pigmented, it is 
rendered short and inelastic. It is not made 
sticky, unless under a very prolonged immer- 
sion, and heating. On evaporating off the 
solvent, the properties of the rubber are foimd 
unaltered, if of good quality. 


Chars on the parts exposed to the heat, but 
does not so easily melt, and emits an offensive 
smell of garlic, which is modified by the pro- 
portion of sulphur. The uncharred portions 
remain unaltered if exposed to the air. 

Thoroughly vulcanized, is not affected, but 
more or less effect will be produced as the 
rubber is imperfectly saturated with sulphur. 

The freshly cut edges may show a slight 
tendency to unite, but a joint cannot be made 
without proper appliances, especially if well 
cured. 


Vulcanized rubber is obtained either by heating indiarubber mixtures containing sulphur, or by 
immersing indiarubber in sulphur or mixtures containing sulphur. Chloride of sulphur, iodine, 
bromine, chlorine, hypoohlorous acid, sulphurous acid, chloride of arsenic, and a few other chemical 
agents, have an action on indiarubber approaching vulcanizing. This “changing” of indiarubber 
was discovered by Parkes ; it is now known as “ cold curing ” or “ semi-curing.” Chloride of 
sulphur is the only agent employed on a large scale. Warren’s method of treating telegraph-wire 
has been already mentioned. 

The present methods of vulcanizing, which will be considered here, are : — (1) when sulphur and 
a high degree of heat are employed— (<i) the “ water cure,” where water heated by steam is the 
medium for heating; (6) the steam heater, where direct steam or a steam jacket is used ; (c) hot 
air, or dry heat; (d) sand-bath ; (e) high-boiling liquids; (/) sulphur, alone or in compounds, used 
in a molten state ; (g) metals, either molten or heated surfaces. (2) Injecting hot air or gases, 
steam, water or other fluids, or metal, into the article to be vulcanized. (3) When little or no heat 
is employed, and cliloride of sulphur and similar changing agents are used. 

Circumstances arise where each of these methods is specially applicable ; there is, however, a 
difference of opinion on the merits of some as compared with others where the same objects are to be 
attained. The different methods of heating are worthy the attention of the general manufecturer, 
because although he may not often require to use them, conditions requiring special treatment in 
vulcanizing frequently crop up. Some of these methods are applicable for heating any particular 
part of an article, when over-curing would result from re heating the whole. Jointing telegraph- 
wire long lengths of hose-pipes, &c., requires contrivances not found in every factory, and which 
are useful in other ways, and for other purposes. 

(1 — a) The water-heater is simply a short boiler set on end in the ground, and is usually employed 
for curing sheet packing. It is most important that the articles should be well bound up, and 
inunersed completely in the water. The heat is run with a thermometer dipping into the water, 
and the steam is injected into the centre of the heater. The degree and duration of the heating are 
the same as in steam-curing. The principal advantage of these heaters is that longer lengths 
of packing can be cured at one time, than would be possible with the steam-heater, without 
giving extra length, which, in many cases, would scarcely be convenient. To this must be 
added the fact that blistering is not so frequent if the sheets are well rolled up m the drum, and 
probably this capability of binding and wrapping, which would not be possible if the sheets were 
laid out flat, unless at great trouble and expense, gives an extra safeguard against damage by 
blisters. The packing is run taut upon a drum, with canvas, to prevent sticking, and is well wetted 
at the same time. When cured, it is, whilst hot, laid out flat fm a smooth table, to cool. The 
allowance for shrinking and thickening by contraction is more easily made, and can be more 
depended upon, than when running in steam. The fabric used for binding is strong canvas. 

(1 — V) The ordinary steam-heater is similar to a steam-boiler; its opening is fitted with 
a strong iron cover, secured by bolts and nuts. The goods are packed in French chalk, on an Son 
carriage, running on a set of small rails. The carriage is drawn out by a rope and windlass. 

4 E 2 
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Stefun-heaters for cnring telegraph-wire have been made to open at each end, the object being to 
pack the carriage at one end, whilst the heat is being mn with core packed on a similar carriage 
at the other end; when one is drawn ont, the other is ready to go in. Steam-heaters should* 
be well covered with felt, brickwork, &e., to avoid loss of heat, draughts from open doors, &c. 
In curing goods by steam, much care must be exercised, as fabrics cannot be heated without 
having their strength more or less impaired. The compounds used should readily vulcanize at the 
lowest temperature, and the thickness of the goods should not be such as to retard the heating, 
and lead to some parts being over-vulcanized, and others only slightly cured. The only way to 
avoid this is to heat very gently for some time, so as to make sure of an equal distribution of heat, 
and to use pigments which will assist the vulcanizing, either chemically or mechanically, e. g. the 
better conductors of heat. There are several special kinds of steam-heater in use for curing belting, 
valves, hose, tubing, joints in telegraph-wire, and coated fabrics. Double or jacketed heaters are 
used where condensed steam would spoil the goods ; and the extra precaution may be taken of 
wrapping the latter in waterproof cloths. 

(1 — c) The hot-air heater is made so as to revolve, or, if stationary, the goods themselves are 
turned on a drum. A series of gas-jets, burning in a close cupboard or cliamber, makes a 
convenient heater ; the only precaution needed is to place over the jets a sheet of metal, to avoid 
the direct scorching heat of the burners. A spindle, passing through the end.s, carries a drum, 
on which the articles are packed ; by means of a handle, continuous or intermittent motion is given. 

A special form of heater is made for dentists who cure their own forms for gums, &c. ; the heat 
is obtained either directly from a gas-burner, as in a stove, or through the medium of steam, 
generated from a small boiler attached to the stove. 

(1 — d) The goods are imbedded in sand, French chalk, &c., in a bath which is heated by gas. 

(1 — e) The goods are immersed in glycerine, covered up, and placed in a steam-heater, or direct 
heat may be applied by a sand-bath. Solutions of the alkaline and earthy polysulphides have 
recently been introduced for curing. Under heat, they yield part of their sulphur to the rubber. 

(1—/) In curing with the sulphur-bath, the article to be vulcanized abstr.icts the requisite amount 
of sulphur : the same takes place, though not so well, with heated tar and sulphur, or beeswax and 
sulphur. In these methods of curing, the heat is applied much higher at the start than with steam 
— generally 127°-l-t9° (2G0°-300° F.), consequently much less time is required. If the articles are 
bound up, the material should be capable of allowing the sulphur to pass through ; they should 
also be kept gently moved during the whole time. Immersion in water immediately after the 
sulphur-bath, renders the adhering sulphur less troublesome to remove. Articles made from mas- 
ticated rubber are more generally cured in this way, and are more durable than if ground with 
sulphur in the mixing-machines. A mixture of beeswax, sulphur, and rosin, is largely used for 
curing joints in telegraph-wire. The mixture is heated to about 138° (280° F.), when the joint, 
well bound with tape, is immersed in it; the heat is raised to 149°-] C0° (300°-320° P.), in about 
20 minutes, and the joint is kept at the same temperature for 1-2 hours. It is essential that 
sulphur be in excess in this mixture, otherwise it will be partially abstracted from the article to be 
vulcanized. 

(1 — g) The press shown in Fig. 857 is now extensively adopted for cnring large valves, belting, 
&c. It consists of two parts : the bottom A is stationary, whilst the upper B is movable ; the 
whole is connected with a strong framework F, which supports the gearing for raising or 
lowering B. In the belt-press, A B are quite flat ; for valves, A is cast with a rim or edge, so 
that B fits closely into it. The surfaces of A B must be quite smooth. The article to be 
cured is laid perfectly flat on the bed-plate A, and B is carefully lowered down upon it ; the two 
parts are firmly clamped together by the screws and nuts S; steam is admitted into A B so 
that the article is in reality cured by means of the heated metallic surfaces of the two steam- 
chambers. Loss of heat is avoided by coating the chambers with felt. The lower plate of the 
belt-press may be grooved to the width and depth of the belt ; but more conveniently, shifting-plates 
are used, grooved to fit the belt, and having a flat iron bar, of exactly the same width, placed 
on them. The upper plate is lowered, steam is admitted as before until the portion in the press 
is cured ; this is then drawn through, so as to admit of another section being cured, and so on. 
Belts thus cured have good square edges, and the pressure used causes the layers or plies to adhere 
more firmly together. Blowing or blistering, from dampness in the cotton, &c., is avoided by 
puncturing the uncured belt at a little distance from the press ; the punctures disappear in the 
press. About 20 minutes is required for curing each length of belting. Bed-lead and similar 
pigments which assist the curing are used in the compounds. Besides coring rapidly, it is 
equally essential to cure with as low heats as possible, sd as not to weaken the fabrics forming the 
plies of the belt. 

^ A press or heater for curing joints in telegraph-wire consists of a small upright boiler for 
generating steam. A jacketed tube longitudinally divided A B (Fig. 858), is attached to the boiler, 
in such a way that the parts can be brought together, and enclose, in their annular space, the 
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joint to be cured or vulcanized. After clamping the whole together, steam is admitted into the 
‘concentric spaces through I, the condensed steam being led away by attaching rubber tubes at O. ' 
• Many small articles are cured in metallic moulds, under pressure in the press, or in open steam. 
For many kinds of goods, it is important that the metals forming the moulds should not be readily 
acted on by sulphur during the heating, as a portion of the sulphur would be abstracteil, and leave 
a stain of the metallic sulphide on the goods ; consequently, sheets of packing, if cured in the press, 
are prevented from coming into 
contact with tile metal, by sheets 
of cloth or paper. Tin is the most 
convenient metal for resisting the 
action of sulphur; zinc sulphide, 
being white, indicates the suit- 
abih'ty of zinc for coating moulds, 

&c. All new zinc surfaces should 
be well cleaned before use ; a good 
plan is to dust them over with 
sulphur and French chalk, and heat 
tliem in the steam cure several 
times, or they give rise to very 
troublesome _ blistering. Boiling 
with caustic soda helps to prevent 
this, but is not certain in its action. 

Brass moulds should be well tinned. 

Ebonite, or hard-cured rubber, 
forms very convenient moulds, well 
adapted where metallic surfaces 
would be objefitionable, from stain- 
ing, &e. Stains from tin moulds 
or tinned surfaces are removed by leaving tlie cured articles in hydrochloric acid for some 
hours. 

Fusible alloys, mixtures of tin, lead, antimony, and bismuth, melting at low temperatures, have 
been proposed as curing media. 

(2) Canvas hose is sometimes cured by passing steam through it ; the strength of the fibres 
is less aifected, and the liability to loosen the coating by dampness through the fabric is entirely 
avoided, as the steam comes into contact with the rubber surfaces only. 

In water and steam heating, the temperatures are now indicated by thermometers, pressure- 
gauges being found unreliable. It is usual to reach the maximum gradually, so as to allow the 
articles to get thoroughly warm and softened, without the vulcanizing action setting in. When 
the heater is closed up, f hour, or even much longer for thick masses of rubber, is usually required 
for reaching the first 66°-93° (150°-200° F.), which 
should be kept up for 30 minutes or so; duiing 
the next 30 minutes, the temperature may be 
aUowed to rise to ll.‘)°-121° (240°-250° F.), which 
is maintained for 1-2 hours ; tlie temperature is 
again gradually raised to 13S°-14;4° (2S0°-290° F.), 
and kept constant for 1-2 hours. Very thick 
masses of rubber may require several hours for 
curing. Heats too rapidly changed cause blisters 
or sponginess, followed with bursting of the mass, even if enclosed in strong iron moulds. Vulcanite 
or ebonite is finished off at 149.° (300“ F.). 

(3) Parkes’ process of vulcanizing with chloride of sulphur is extensively used for surface curing, 
such as single textures for garments, and sundry small articles manufactured from masticated 
sheet rubber, as tobacco-pouches, tubing, rings, &c. The chloride is mixed with 30-40 times its 
bulk of carbon bisulphide for ordinary fabrics ; but for solid rubber goods, much more dilute 
solutions must be used, and a longer immersion allowed, than with stronger solutions, since the 
surfaces would be overcured, and crack. Chloride of sulphur in vapour is preferable in many cases 
to the mixture in carbon bisulphide. The articles are then suspended in a lead -lined chamber, 
well varnished with shellac, and heated by steam-pipes; the cMoiide is gently evaporated, either 
by placing it in an open dish on the stea*r-pipes, or by using a small retort, the end of the tubulure 
of which passes into the cliamber. The chloride is evapor.ited by a small gas-burner. Chlorine, 
bromine, hypochlorous acid, and several other vapours, can be used in the same way. Although 
Parkes uses these vapours with solvents of rubber, they act equally well, and in many cases iSore 
certainly, without them. 
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Several improvements for onring double textures have been recently introduced, the most im- 
■^rtant of which is the SUvertown process. This consists in passing the rubber surface of each 
piece to be united over a roller, revolving in a mixture of chloride of sulphur and bisnlphido* 
of carbon ; the acid mixture does not come into contact with the fabrics, so that no injury can 
happen either to the colour or the fibres, and the most delicate tissues can be treated. Another 
process, patented by Anderson and Abbott, effects tbe curing by suspending the fabrics or completed 
garments in a cliamber, which is afterwards charged with tbe vapours of chloride of sulphur ; it 
is questionable how far this method can be depended upon, without injury to the fabrics. If the 
colours are discharged by the chloride of sulphur, they are brought back by placing a dish of 
liquid ammonia in the drying-room. 

Single textures are cured by passing the coated surface over a roller, revolving in the curing- 
mixture, as above. The fabrics are run on to a large drum, and the cured surface, which is still 
sticky, is kept from coming into contact with the cloth surface, by making the drum pick up a 
roller whenever its arms pass the frame which supports them, so that between each two layers of 
material there is a space of about 2 in. ; as soon as the bisulphide has nearly all evaporated, the 
fabrics are run on to a roller for hanging up. 

IndianMer Paints or Varnishes. — ^Indiarubber paints or varnishes can he made by mixing 
pigments with a little thin solution in some easily volatile solvent ; after the solvent has 
evaporated, the film of rubber can be cured by the application of a little of the cold-curing liquid. 
The pigments easily retain their colours when applied in this way but if mixed up with oU, they 
are not so elastic after a little exposure, and become harsh, and crack. 

Varnishing Indiarubher Textures . — Single textures, when cured, are well wiped over, and 
varnished with shellac dissolved with liquid ammonia in water. Lamp-black is added for black 
goods; bleached shellac or seedlae is best suited for white or light-coloured goods. The var- 
nishing is performed by passing the fabrics over a roller running in a trough of varnish, or better 
still, by letting the varnish fall on the rubber surface. It spreads of itself, the excess being 
removed by passing under a close-fitting scraper or pad. It is dried by running over a large drum 
or cylinder, heated by steam. Small articles are varnished by a soft sponge. 

Joining IndiarMer Textures. — Cured or uncured fabrics are joined for garment-making and 
other articles by cementing together with thin solution. Camphene was largely used a few years 
ago for softening the edges of rubber for uniting. It leaves the rubber more sticky than any 
other solvent does. Its present price precludes its use on a large scale. Several coatings are 
applied, each being allowed to get nearly dry before the next is rubbed on; tbe two adhesive 
surfaces are then well rolled down by manual labour, and the excess of cement which oozes out is 
rubbed off, when nearly dry, by a piece of masticated block rubber. Double textures are stripped, 
so as to cement the rubber surfaces, by applying first a little solvent, which renders the stripping- 
off easier. In spreading, it is necessary to coat one of the fabrics with less pressure, so as not to 
drive tbe rubber into the meshes of tbe cloth. Such coatings are specially designated “ stripping- 
coats.” Without such arrangement, double textures could not be made with watertight seams. 

Testing Cured Goods . — Well-cured rubber should swell but slightly in cold tar-naphtha, and 
leave no imprint of the finger-nail when pressed into it. On stretching, it should draw out 
evenly; sudden or gradual extension should produce but little, if any, permanent elongation. 
Defects in curing are air-cavities and blisters due to insufficient sulphur, heat, or moisture, 
when the articles may be spongy and soft, though tolerably well cured. Over-curing imparts a 
harshness to the surface. Under-cured rubber is clammy, more or less adhesive when the freshly 
cut edges are pressed together, swells readily in naphtha, and retains a considerable elongation on 
stretching. Buffers, springs, &c., are tried in a screw-press for two or three days. Diving-dresses, 
fishing-boots, powder-bags, &c., are filled with water, and allowed to stand for several hours. Steam 
is used for those articles made of solid rubber ; any defect is rendered visible in a few minutes 
by damp spots appearing on the surface. Fire-hose and other strong tubes are tested by forcing 
water in until the required pressure is shown on a gauge. Defective proofing is shown by taking 
a piece of the fabric, with the rubber surface upwards if a single texture, and placing it over a 
sieve or deep hoop, so as to hold water; after some hours, water will have leaked through to the 
under side, if the proofing is imperfect. A test used by the Admiralty for vulcanized rubber and 
sheeting is as follows. The sample is placed in a hot-air oven B (Fig. 859) ; through the cover C 
passes a thermometer T, reaching down to within a very short distance of the surface of the 
sample, which should rest on a flat clay-tile, reaching about half-way up, as shown by the dotted 
line. Tbe temperature is first rated to 132° (270° F.), the sample is placed in the oven, and the 
dampers are carefully adjusted, so that this temperature ^an be kept constant for one hour. A 
Bunsen’s burner is a convenient method of heating. No stickiness should be perceptible with 
a perfectly cured sample, when, after heating, it has cooled down to the temperature of the air. 

Ls petroleum acts energetically on vulcanized rubber, steam-valves for marine and other 
engines have become specialties with the leading indiarubher manufacturers. The distention 
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produced by these mineral oils at 100° (212° F.) affords a ready test for the suitability of a com- 
pound for steam-valves; a good valve should remain firm, and swell slightly, after several 
hours. 

EfiSoresoent sulphur is removed from the surface of vulcanized goods by boiling for some time 
in a strong aqueous solution of caustic soda. Fabrics are washed over with the same solution, and 
well dried. Carbon bisulphide can be used for this same purpose. The boiling process is called 
“ devulcanizing,” but more correctly is desulphurizing. Deodorizing is effected 
by exposing the goods to air and charcoal ; bleaching is rapidly performed by 
exposure to sunlight in the open air. 

Pigments . — A manufacturer should know whether his pigments are what 
they are represented to be. The following simple tests will answer generally 
for the more important 

Sublimed or flowers of sulphur, stirred into distilled water, should only 
slightly redden litmus-paper, as sulphurous acid modifies the action in curing. 

It should entirely disappear when heated, and should readily yield about 
60-70 per cent, of its weight to bisulphide of carbon. Ground sulphur has 
been lately introduced as a substitute for the above. It agrees witli it, 
except in tliat it entirely dissolves in a little bisulphide of carbon. It should 
be a more acceptable agent for curing than the preceding. Milk of sulphur 
should entirely dissolve in bisulphide of carbon, and disappear when heated in 
a porcelain dish. 

Sulphide of antimony is readily soluble in sulphide of ammonium. A 
solution of tartaric acid should take up only a small proportion of soluble 
salts or oxides, which are precipitable by sulphuretted hydrogen from this 
solution for estimation. Bisulphide of carbon should remove 25-tO per cent, 
of sulphur, and leave a perfectly bright-red residue. 

Oxide of zinc, shaken up in a test-tube with sulphide of ammonium, should be only slightly 
darkened by traces of lead and iron. A slight insoluble residue (silica, sulphate of lead, &o.) 
should remain after treatment with dilute sulphuric acid. The filtered solution, neutralized 
with ammonia, and the same added in excess, and left in a warm room for some time, should show 
only a slight deposit of hydrated sesquioxide of iron. The filtered solution, strongly acidified 
with nitric acid, treated with solution of molybdate of ammonia, and allowed to remain in a warm 
place for 24 hours, should yield only a very slight yellow precipitate, due to arsenic. 

White-lead and litharge, if pure, dissolve readdy in nitric acid. Commercial litharge yields 
an insoluble residue (fine sand, &o.) of 17-18 per cent. In.soluble matters in white-lead ought 
to be insignificant. It is sometimes adulterated with sulphates of lime and baryta. The nitric 
acid solution, submitted to the action of sulphuretted hydrogen for a long time, and the 
clear portion evaporated, should show but a very slight residue, principally iron. 

Eed-lead, digested for a short time with fuming nitric acid, and then largely diluted 
with water, should dissolve easily. The solution, treated as above, should give little or no 
residue when the liquid filtered off is evaporated. It is not so largely adulterated as has been 
stated. 

Caustic lime should effervesce but slightly with hydrochloric acid, and should leave a small 
quantity of undissolved matter (silica and small pieces of flint). Hydrated carbonate of magnesia 
is entirely soluble in dilute sulphuric acid; lime, if present, should not exceed 1-2 per cent. The 
loss due to carbonic acid is about 33 per cent., and to water, 30 per cent, (see Acid — Carbonic). 

To test for moisture, a weighed quantity of the substance is placed in a desiccator for about 
24 hours. The sulphuric acid in the dish absorbs the moisture, and the sample is reweighed. 
Moisture in pigments is a source of serious trouble, consequently everything should be well dried, 
and kept free from damp. As sulphur oxidizes on exposure to the air, especially in a warm place, 
it should be kept well covered up when sifted. 

The pigments which are incorporated with rubber and sulphur have different effects, as they may 
retard or assist the vulcanizing. Ked-lead and white-lead assist the curing, probably by forming 
sulphurous acid when heated with the sulphur, or by giving up their oxygen to the rubber. They 
are converted into sulphides by curing. Caustic lime and magnesia (hydrates) have an accelerating 
influence, when used in small quantities ; in larger quantities, lime will yield hard compounds at 
much lower temperatures, and in shorter time for curing, than if sulphur alone had been used ; 
these substances are probably converted into sulphides, for w^en a piece of this rubber is broken, 
and slightly moistened with an acidf distinct traces of sulphuretted hydrogen are perceptible. 
Carbonates of lime (whiting) and magnesia (hydrated carbonate) do not behave in this way. 
Magnesia hardens the rubber, by its absorptive properties; and the same may be said of French 
chalk, baryta, and similar pigments. Oxide of zinc retards the curing ; it is not certain wlifether 
it is converted into sulphide, although rubbers containing much oxide of zinc require more sulphur 
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If the oxygen were liberated in the same way as with lead oxides, or eanstic lime, a similar r^lt 
might be expected ; this not being the case, it is possible that if a sulphur acid be formed, it is 
taken up by the zinc. 

It is said that metallic sulphides will cure in the same way as sulphur. This admits of easy 
contradiction, for if the sulphides of antimony, arsenic, lead, and zinc, be deprived of their free 
sulphur, no curative action is visible. The presence of chloride of arsenic in sulphide of arsenic con- 
taining no free sulphur will explain the curing action of this pigment. Sulphide of zinc does not 
retard the vulcanizing action, like the oxide does; and goods containing this pigment retain a 
purer white colour. 

For the purpose of colouring, only those metallic compounds can be used whose metals yield 
sulphides of suitable colour, or which are not easily converted into sulphides from the com- 
bination which is employed. Oxide of chromium yields green; sulphide of antimony, red; of 
mercury, crimson ; of arsenic, yellow ; of cadmium, yellow ; of zinc, white ; of lead, black. 
Spanish brown, and other mineral • silicates which are not easily decomposed by strong acids, can 
likewise be used as colouring matters. Blacks are also obtained with lamp-black, vegetable-bhick, 
and graphite. The sulphides of tin have not been used, although they are very permanent. 

The amount of sulphur absolutely necessary to vulcanize any particular class of goods depends 
upon the uses to which they are to he applied. From 1^ to 2 per cent, of sulphur will, with a he<tt 
of 138° (280° F.) for 2 hours, and J hour for getting up the heat, cure Para rubber perfectly, 
provided that the mixture is not overworked or ground too much. Vulcanized rubber used for 
■mechanical work contains 5-7 per cent, of sulphur; ebonite, and hard goods, 30-50 per cent. 
Where small quantities of sulphur are required, it is better to use precipitated or milk of sulphur ; 
it is more easily soluble in the naphtha for spreading, and thus becomes more evenly distributed. 
The sulphides of antimony and lead contain their free sulphur in this form. The proportions used 
are equivalent to adding 2-5 per cent, of sulphur to the rubber. 

The quantity of free sulphur in these compoumls is readily ascertained by percolation in a filter- 
tube with carbon bisulphide. A filter-tube T, Fig. 860, is plugged with a little asbestos A in long 
fibres ; any loose particles are removed by pouring in some bisulphide ; 
a weighed quantity of the sulphide is placed in the tube, sutiieient 
bisulphide is poured over it to moisten it, and after a few drops have 
passed through into the fla.'k F, the filter should be filled up, and the 
tubes connected as shown. The flask is fitted with a cork containing 
two perforations, one for the filter-tube, the other for a bent glass 
tube, which passes into a cork at the top of the filter ; in this way, the 
exhaustion goes on out of contact with the air. The flask should be 
carefully dried and fared. Afler the sulphur has all passed into 
the flask, the latter is fitted with a bent tube, and placed in a beaker 
of hot water, so as to drive off the carbon bisulphide into a cool 
receiver, connected with a suitable condenser. The weight of sulphur 
is determined by reweighing the flask. Carbon bisulphiile should 
always be evaporated by means of warm water, and out of contact 
with flame. 

Moulding, ^c . — Few shaped articles can be cured with certainty 
without some support. Compounds which are sufficiently firm to 
retain their shape tolerably well, when heated, are simply imbedded 
in French chalk; most articles, however, are cured in moulds, either 
of iron or of brass, having the exact size and form of the required 
article. For solid goods, the rubber is forced into the moulds under 
pressure, which is kept up until they are cured. Hollow goods are 
placed in the moulds in segments, which are joined together, and 
before being closed up, a little water or carbonate of ammonia is 
introduced ; the article is then placed in its proper mould, clamped, &c., 
ready for curing. The water or ammonia expamls during the heating, 
and causes the rubber to completely fill up the mould. Buffers, 
spiings, and washers, are moulded in long oylindriail iron moulds, 
accurately turned inside; a spindle passing through the centre forms the required hole, and 
serves to clamp the ends of the moulds tightly together ; when cured, the springs are removed 
from the moulds, and cut up in a^lathe into washers, or any desired thickness of buffers. An 
unsoiled thin calendered sheet is sometimes rolled up oif a spindle or mandril, taking care to 
exclude all air from the folds, and rolling evenly on a hard surface; a binding of cloth is applied 
as tightly as possible, which serves as a mould in curing. Small washers or rings are cut from 
thesS' in the same way as buffers, a wooden mandril or spindle being passed through the central 
hole formed by the wire or rod on which the sheet has been rolled. Small articles are conveniently 
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formed by repeatedly dipping moulds or forms into a solution of indiarubber, and drying after 
each immersion, until the required thickness has been given to the article. 

Mats are formed by perforating the calendered sheet by punches, so as to give the required 
device ; the design is first stencilled in chalk or whiting on the sheet, the parts are removed so 
as to leave the design or pattern, when it is cured in French chalk. 

Compressed paper-pulp, plaster of Paris, and vulcanized rubber itself are frequently em- 
ployed for moulds in curing. Vulcanite sheets are cured between sheets of pure tin-foil, smeared 
over with lard-oil, or, to avoid soiling with metal, sometimes between sheets of hard cuied rubber. 

The plies of belting, hose, hemp or rope packing, &c., are put together by manual labour ; each 
ply is well rolled down by pressure. Corrugated rollers are sometimes used to give rough surfaces 
to washed or calendered sheets of rubber. Rubber compoun.Is are frequently calendered on fabrics 
which are cured with the goods, and stripped off afterwards. This stripping is facilitateil by well 
damping the cloth with water; if this is ineffectual, a little naphtha should he applied after 
thoroughly drying off the water. In such cases, the fabr ic itself forms the mould by keeping the 
•tjple in shape. Telegraph-wire is kept cylindrical by a lapping of felt or other fabric. 

A very convenient metal or alloy for moulds or shapes is a mixture of tin and lead, which can 
3 recast with trifling loss for any altered design. The stain left by iron moulds can be removed by 
dilute sulphuric acid. 

Dipping forms or moulds into solutions of rubber, and allowing the solvent to evaporate, is a 
very convenient way of obtaining many small articles, which are required to be seamless and 
smooth ; the mould is removed either before or after the at tide is vulcanized. 

Vulcanite is stamped into various forms or devices by cutting-dies ; the hard cured material is 
mrde warm before being placed in the press; the dies are made of well tempered steel. Combs 
and similar articles are stamped out by cutting-dies in the same way. Tubing or sheet can be 
reatlily bent to any required form, when betted over a gas-jet, until it becomes soft. In a lathe, 
vulcanite admits of being turned or worked like wood or metal. It is polished by means of a 
cloth buff, running at about 800 rev. a minute, with brick-dust and oil. Vulcanite is used for 
insulators, for aerial lines of telegraph, cells for galvanic batteries, photographic baths, &o. Battery 
cells and insulators are tested electrically by being filled with water, slightly acidulated with 
sulphuric acid. Vulcanite has almost entirely replaced glass for frictional electric machines. With 
the ordinary silk rubber, it yields negative electricity. 

The principal articles made from soft rubber are valves, springs, buffers, wa.shers, tubing, 
packing, and telegraph-wire ; spread on cloth, it is largely used for pontoons, garments, balloons, 
diving-dresses, sheeting, grrden-hose, canvas packing, belting, invalid mattresses, dto. From hard 
rubber or ebonite, acid-pumps, battery cells, insulators, tubing, rod. sheet, photographic, surgical 
and sundry vessels for holding chemical liquids. Kamptulicon is manufactured by incorporating 
cork-dust with waste rubber (see Floorcloth — Kamptulicon). 

EeworMng Subber Compounds.— ¥ or some years past, indiarubber manufacturers have en- 
deavoured to utilize the parings of vulcanized rubber, old valves, packing, &c. So inferior is the ' 
product, that it is only suitable for very low-class goods; hence it is tliat old vulcanized rubber 
realizes such a small price compared with the new article. Numerous patents have been devoted 
to the object, such as grinding with water, naphtha, caustic alkalies, acids, &c. Generally the 
rubber is ground dry between a strong pair of grinding-rolls. Ground waste being liable to 
spontaneous combustion, it should be carefully watched, and kept in a cool place. A short time 
ago, it was much used for stuffing chairs, &o. Numerous cheap articles are now made from grormd 
waste, by agglutinating with dough or solution, compressing, and curing. Compounds containing 
ground waste cure more readily than fresh rubber. In purchasing rubber for reworking, it is 
difficult to give any very definite tests as to its value. Most manufactmers mark their goods, 
which is of great use in selecting old valves, buffers, &c. Hose-cuttings and belting, before being 
enred, are ground up together, and are very useful for packing, to withstand attrition or other 
rough treatment. As woollen cuttings cause blisters and sponginess, care must be taken to 
separate them from cotton cuttings, by sorting, or by boiling in caustic alkalies when the fabrics 
are mixtures of wixrl and cotton, or silk and cotton. Forster and Heartfleld proposed the use of 
wool for indiarubber sponge. By heating, the wool is easily charred, and the moisture or gases 
generated give the rubber a honeycombed structure. 

When vulcanized rubber is strongly heated in a closed vessel under pressure for some hours, 
aud the liquids produced by its decomposition are distilled off by superheated steam, or removed 
by compression, a soft mass is obtained suitable for incorporatiag with fresh rubber. Vulcanite 
waste is reworked by being finely ground, when it can be incorporated with fresh uncured 
material. When thoroughly cured, it cannot be jointed nor repaired ; but if slightly cured, adhe- 
sion between it and new material can be successfully secured. Hence large masses should never 
be cured thoroughly in the first heating. « 

Rubber Substitutes.— Under the name of “ artificial rubber,” several compounds have been intro- 
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dnced wi^ more or less success. The basis of the most important are oxidized and vulcanized oils 
(see Floorcloth ; Oils). Lake’s “ improved arti&cial indiarubber compound ” consists of saponified 
resins and vulcanized oils, which are incorporated with indiarubber or guttapercha, and vulcanized 
in the usual way. In Day’s “ improved substitute for indiarubber,” the oils are partially saponified 
by acids, and are then heated with sulphur, &c. These acid compounds cannot be used in the 
manufacture of fabrics, as the heating would destroy the fibre. Bruce Wsirren’s “ thionoliiie ” or 
^vulcanized oil consists of linseed^oil, or other drying oils, vulcanized by adding sulphur at high 
temperatures. Oils vulcanized by chloride of sulphur are obtained by treating similar oils with 
chlorinated sulphur, or sulphur chlorides ; the principal objection to these compounds is tlieir acid 
qualities, which prevent their being used with fabrics, or certain pigments. Leather parings and 
wool have been proposed as substitutes, when previously treated with chloride of sulphur, or 
heated in molten sulphur. Oxidized oils have also been proposed, but have not beeu so success- 
fully employed. A material called “ vulcanized fibre ” has lately been introduced. It consists of 
animal or vegetable fibre, paper-pulp, &c., mixed with vulcanized oil and glycerine, and calendered 
or spread by some such arrangement as Clark’s machine, shown in Fig. 819, p. 1148. 

Guttapercha in many of its properties agrees with indiarubber, and is manufactured for some 
of the same purposes. At 100° (212° F.), it is soft and plastic, but regains its firmness on cooling. 
By destructive distillation, it yields oily hydrocarbons. It is soluble in the same menstrua as 
indiarubber. It is cleansed or freed from its impurities first by slicing into very thin laminse, 
being forced against a revolving wheel or disc, furnished with radial knives or blades. These 
parings are thrown into cold water, when the heavier impurities sink ; the floating portions are 
passed on to another tank, containing boiling water; in this, it is softened by boiling, so as to 
allow sand, particles of wood, &c., to separate out ; it is then collected in a machine called a 
“ ticker ” or “ teazer,” in which it is still further torn up in warm water. According to the class of 
goods required, this operation is carried to a greater or less extent. It is then worked in a closed 
masticator for some horns with hot water, kept warm by injected steam ; and is finished off in another 
masticator, first heated by steam, to expel all traces of moisture. Whilst plastic, it is strained 
through very fine wire gauze, by means of hydraulic pressure. The portion of the press holding the 
guttapercha is jacketed, so as to admit of being kept quite hot by steam or hot water. For stowing 
away, it is not kept in blocks or masses, like indiarubber, but is calendered into sheets about I in. 
thick. Calender^ into very thin sheet, it is largely used for surgical purposes, and for protecting 
goods against damp. Machine-bands, cord, tubing, buckets, and tanks for electro-plating, are 
the principal articles manufactured, except cores for telegraph purposes, for which it is eminently 
adapted. For this purpose, however, the raw article is carefully selected. 

Articles are moulded from guttapercha, by working it by hand, whilst in a soft and plastic 
state, into the required form ; it needs very careful, though not skilful, labour ; to prevent it 
sticking to the hands or fingers, they should be wetted with water containing a little soap, taking 
care to remove all traces of moioture when jointing is required. It is kept soft in water heated by 
steam. Picture-frames and similar articles are made in metallic moulds. Cord, tubing, and tele- 
graph-wire, are made by forcing the plastic material through dies of special construction, from 
which the articles traverse a long tank of cool water. To increase the cooling action, telegraph- 
wire is passed backwards and forwards several times. The moisture must be removed before 
another coating can be applied. Telegraph-wire is carefully overhauled after each coating, and 
any defect is cut out or repaired by an operation called “ tooling.” A heated iron is applied to the 
guttapercha, and is carefully moved about, so as to work it well together over the defective part. 
The wire, or as it is now called, “ the core,” is passed first through a heated mixture of guttapercha, 
rosin, and Stockholm tar, and then through the dies, to receive a second coating of guttapercha. 
When cooled, the overhauling, and coating with compound and guttapercha, are repeated, according 
to the number of coatings required. This series of coatings secures the centrality of the conducting- 
wires, a greater freedom from faults, and rapidity of cooling. Although the application of the 
required guttapercha at one operation would save great cost of labour, it is not adopted. The 
copper wires are first coated with the compound, immediately before applying the guttapercha ; or, 
if stranded wires are used, the central one is drawn thiough the compound, when the other wires 
squeeze the compound into the interstices of the strand, and fill them up completely. This com- 
pound serves to unite all the coatings together, and to the conducting-wires. At one time it was 
proposed to place the completed core in an iron tank, and after exhausting the air as far as practi- 
cable, to force in this compound, or Stockholm tar alone, under great pressure, so as to fill up any 
cavities or pores. This has led * the present improved condition of telegraph-wire. 

Specifications for guttapercha telegraph-wire stipulate that certain electrical and mechanical 
data shall be carried out. The copper, whether solid or stranded wires, must weigh so much per 
statute mile for land work, or so much per nautical mile for cable or submarine work ; and the 
specific conductivity of the copper must be equal to (within a small percentage) that of pure copper. 
The guttapercha must be applied in several coatings, alternating with a coating of compound. 
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The wire or strands are to be filled up or coated with the same compound. The completed core is 
tested electrically after being kept in water at a temperature of 24° (75° F.) for 24 hours. As these 
wires are electrically better after a short time than when newly made, it is necessary to keep the 
core, if possible, for a fortnight or longer before testing. 

Telegraph-cores are made into cables, coated with lead, and sometimes taped and tarred for 
street or tunnel work, when they are afterwards drawn througli sand. For military purposes 
they are braided, and saturated with a mixture of beeswax, rosin, &c. Joints in telegraph-wire are 
made in the following manner. The conductor, well cleaned, is first soldered up, and the gutta- 
percha is softened by the flame from a spirit-lamp, and worked uniformly backwards from the joint. 
The exposed wire is coated with coinpound, and the guttapercha is carefully worked from both 
sides of the joint towards the middle, where the blending should be perfect. A coating of warm 
compound is applied over this, and one or more layers of specially prepared guttapercha sheet are 
worked oyer with alternate coatings of compound. 

Sabine gives the following method for making joints in guttapercha cores. The two ends to be 
joined together are first cut “ flu.sh,” so that each end presents a clear section. The guttapercha 
is next warmed for a distance of 3 in. by a spirit-lamp (in which wood-naphtha is burned), and 
when softened, is worked or rolled back into a knob ; the conductor is joined, and smeared with a 
coating of Ohatterton’s compound (described below) ; one knob is wanned, and worked gradually 
towards the other, so as to form a tubular covering; this is smeared with another coating of 
compound ; the other knob is softened, and worked down over it towards the other end, so that 
two tubes are formed, one from each end, and overlapping each other. Another coating of 
compound is applied, and, over this, a piece of softened joint-sheet is evenly and carefully worked. 
The whole is “ tooled ” up with a heated iron, so as to make a perfectly homogeneous covering. 
Sometimes the two knobs are worked simultaneously towards the middle, the excess of guttapercha 
is removed, so as to ensure only a thin but perfect covering, and the full diameter of the core is 
made up with new sheet and compound alternately. 

A rough kind of joint is made by enclosing the two ends in a tube of glass or metal, which is 
moved on one side so as to join the conductor ; this is smeared with compound, or a mixture of 
ozokerit, &o. ; the tube is drawn over the joint, and filled in with similar compound. WUloughby 
Smith places the completed joint in a grooved piece of wood, and secures on it a similar grooved 
piece so as to compress the joint. Warren recommends a longitudinal strip of canvas, wrapped 
with a spiral covering of cotton tape. For temporary joints in indiarubber wires, Warren proposes 
a vulcanized indiarubber tube, drawn over the wire, and secured at the ends with twine. Cotton- 
tape soaked in paraffin, or strips of vulcanized rubber, lapped tightly on with alternate smearings 
of compound, make very useful temporary joints. 

Joints in telegraph-cores are tested electrically. After immersion in water for some hours, they 
should be quite firm and hard, smooth and regular, aud only a trifle larger than the core itself. 
Rapid cooling is dangerous, as unequal contraction might lead to “ stripping ” or non-adhesion in 
the coatings. 

Jointing-sheet is a specially prepared guttapercha, having a dark colour, about J in. thick ; it is 
a little more highly worked than for ordinary purposes, and becomes more adhesive when heated. 
It should be kept in air-tight oases in a cool place ; it should be rejected when the surface has a 
brittle or resinous appearance, cracking slightly when bent or folded. 

Chatterton and Smith propose to immerse guttapercha cores in Stockholm tar, with a view to 
render them more repellent. The cores are placed in a closed tank, and the air is pumped out, 
so as to obtain a vacuum. The tar, heated to 21°-27° (70°-80° F.), is run in by opening a stopcock 
communicating with the reservoir ; a pressure of 500 lb. a sq. in. is then put on for 10 minutes. 
Reid’s pressure-tanks were much used for testing cores under pressure and vacuum. The cores, if 
air were enclosed between the coatings, showed a rough and irregular surface by the vacuum test ; 
and holes, imperfect jointing, and impurities, were rendered more evident by the injection of water, 
which was afterwards pressed to 500-1000 lb. a sq. in., according to the depth for which the cable 
was required. Small hydraulic pumps, on the same principle, were used for testing guttapercha 
joints. 

Willougby Smith’s improved guttapercha has of late been very extensively employed for 
telegraph cable-cores. It possesses remarkable electrical advantages. Anthracene is said to reduce 
the inductive capacity of guttapercha ; its use as an insulator has been patented by Perkins and 
Tandy. 

Vulcanized Guttapercha. — Some years ago it was proposed to efire guttapercha by adding stilphur 
to it in the masticating-maohine. Larg%quantitie3 of telegraph-wire were made with this mixture ; 
but as the sulphur was not combined, it so corroded the copper wire, that in a few years it became 
entirely converted into sulphide. This fact gave rise to the discovery of Statham’s fuzes. If 
guttapercha be mixed with indiarubber, and sulphur be added to the mixture, it can be reaitily 
vulcanized, either to a soft or hard state. Guttapercha can be vulcanized by the cold-curing 
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process. The cleansed guttapercha is cut up info shreds, and dissolved in carbon bisulphide, 
so as to form a stiff solution ; to this solution, 2-15 per cent, of chloride of sulphur is added, 
according to the required extent of vulaanizing : 10 per cent, renders the guttapercha hard and 
horny, and not softened at 100° (212° F.). Sheets are vulcanired by repeated dipping. Parkes 
adopted the use of curing .agents in vapour and solution. Guttapercha thus treated has not 
received much attention, although it possesses many remarkable qualities, and may be rnottlded, 
whilst liquid or plastic, into any form : being colourless, or nearly so, it might replace ivory in 
many of its applications. It might also be used for chemical-tanks, pipes, &c., as it is not softened 
by heat, nor .acted upon by cold acids or alkalies. Bromine, chlorine, and phosphorus, and their 
sulphur compounds, have also been proposeil for this purpose ; the chlorides of sulphur are the best 
and cheapest, 

Cattell’s bleached guttapercha is made by dissolving cleansed guttapercha in solvents 
requiring heat, as coal-tar naphtha, and its rectified prodircts, turpentine, and rosin-spirit ; or 
solvents requiring no heating, as chloroform, and carbon bisulphide. In using the first class of 
solvents, 1 oz. of alcohol, holding in solution 30 drops of glycerine to the gallon (soap, wood- 
naphtha, or commercial nitrate of ethyl, may be used in the same proportions), is agitated in a 
closed vessel, together with the solvent and guttapercha, for an hour or more, until sufficiently 
defecated or decolorized, when it is decanted, and mixed svith a little alcohol and glycerine, to 
precipitate the guttapercha. The solvent is recovered by distillation. The alcohol or simil.ir agent 
removes the oxidized portions of the guttapercha, resins, &c., and leaves the pure guttapercha 
colourless. 

At tides manufactured of guttapercha rapidly become brown on exposure to the air, from 
oxidation, and are ultimately converted into a brittle resinous matter. This is prevented to a 
great extent by varnishing with shellac dissolved in wood-spiiit. In manipul.iting guttapercha, 
manufacturers avoid bringing into contact with it, any liquid or substance having a solvent action, 
such as coal-tar naphtha. The incorporation of Stockholm tar tends to preserve guttapercha, and 
there is no doubt that many resinous substances can be blended with it in presence of this tar, 
which cnuM scarcely be safe without it, frum their setting up some kind of decomposition, which is 
not easily explained. 

Cattell’s purified guttapercha can bo mixed with colouring pigments, for the production of 
useful or oru.rmental objects. Oxide of zinc, vermilion, and similar compounds, can be used ; but 
not oxides or compounds which represent a saturated or high degree of oxidation, Guttapcioha, by 
strong oxidation, gives rise to formic acid. As guttapercha resists the notion of fluoiic acid, it is 
made into bottles, jars, &c., for holding this corrosive liquid. Silver salts and cyanides generally 
are decomposed in contact with guttaperclia, consequently this substance iJ not suited for tanka to 
contain these liquids ; but if the surface be well brushed over with graphite, the action of these 
bodies may be retarded. 

ChatUrtim’s Compound . — This compound is employed for uniting the different coatings of gutta- 
percha cores, and for cementing guttapercha to wood, &c. It is sold in rolls about 1 in. thick, and 
7-8 in. long. It should soften readily at 38° (100° F.), and become firm again when cooled for a 
few minutes. Its freshly cut surface should be smooth and compact ; it should not break, but bend 
easily with slight elasticity; its sp. gr. is about 1-020, it should not become hard or brittle on 
exposure to the air. The following process is adopted for its manufacture — j by weight Stockholm 
tar, and about the same weight of rosin, are put into a jacketed vessel, heated by steam, strained 
when melted, and intimately mixed with | by weight of cleansed guttapercha in shreds or thin 
pieces. The whole is worked together by horizontal stirrers, fixed on a vertical shaft. 

There are a few other substances having intermediate properties between indiarubber and 
guttapercha, such as “halata,” a product obtained from the “bullet-tree” of British Guiana, 
“susu-poeo,” and “chapapote.” Balata closely approaches guttapercha, and is used in many 
of its manufactures. The inspissated juice of the “ cow-tree ” (^Massaranduba) has been for the 
last few years exported from Para as indiarubber. Warren has -shown that it is quite equal to the 
finest descriptions of Para rubber, when vulcanized. 

Bibliography. — G. Schmidt, ‘ Kautschuk und Guttapercha’ (Weimar: 1856); T. Hancock, 
‘ Indiarubber Manufactures ’ (London ; 1857) ; ‘ Electrician ’ (London : 1861-2, 1878) ; A. Adiiani, 
‘Kautschuk und Guttapercha’ (Leipzig: 1864); F. Harzer, ‘Guttapercha und Kautschuk’ 
(Weimar: 1864); ‘American Chemist ’(New York: 1870 — ); ‘Telegraphic Journal’ (London: 
1872—); ‘Journal of the Telegraph Society’ (London: 1873); E. Deninger, ‘Leder und 
Kautschuk Industrie’ (Brunswicl: 1874); T. T. P. B. Warren, ‘ Indiarubber, and its Application 
to Telegraphic Purposes ’ (Jour. Soc. Arts, vol. xxvi. No. M513, London : 1 878) ; F. Clouth, ‘ Gummi 
und Guttapercha ’ (Weimar : 1879) ; G. Meighne, ‘ Caoutchouc ’ (Paris : 1879) ; E. Holler 
‘ Kautschuk und Guttapercha ’ (Vienna and Leipzig : 1880) ; T. Bolas, ‘ Manufacture of India- 
ruflber and Guttapercha ’ (Cantor Lecture, Soc. Arts, London: 1880) ; Specification of Patents. 
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XNE (Fb., Encre ; Ger., Tinte, Dinte). 

The term “ink” is used to denominate a great variety of fluid or semi-fluid compounds 
employed in the permanent delineation of objects upon paper, stone and other grounds. The chief 
desiderata in most inks are a capacity of flowing readily from the writing instrument, while possess- 
ing sufficient body to prevent spreading and blotching, combined with a depth and permanency 
of colour. The latter naturally depends in a great measure upon the physical and chemical charac- 
ters of the article written upon, and espcei.illy upon the presence or absence of bleaching agents. 
The composition of inks varies as « idely as do the purposes to which they are applied ; hence they 
may be classified as follows : — Black writing-ink, copying -ink, coloured writing-ink, invisible or 
sympathetic ink, marking-ink, Indian-iuk, printing-ink, engraving-ink, ink for stone or marble- 
writing, and gold and silver inks. 

Black Writing-ink. — The following are among the most approved recipes : — ■ 

A. With Galls and Sulphate of Ikon. — (a) 1 lb. bruised galls, 1 gal. boiling water, oz. 
sulphate of iron (copperas) in solution, 3 oz. gum arable previously dissolved, and a few drops 
of an antiseptic, such as carbolic acid. Macerate the galls for 24 hours, strain the infusion, and add 
the other ingredients. (6) 12 oz. bruised galls macerated for a week in 1 gal. cold water, 6 oz. sul- 
phate of iron in solution, 6 oz. mucilage of gum arabic, and a few drops of antiseptic, (c) 12 lb. 
bruised galls, boiled for an hour in 6 g.d. soft water, adding water to replace that evaporated ; 
strain, and reboil the galls in 4 gal. more water for ^ hour ; strain, and boil with 2i gal. more 
water ; strain, and mix the liquors. Add 4i lb. coarsely powdered sulphate of iron, and 4 lb. gum 
arabic in small pieces; agitate till the ingredients are dissolved, and filter through a hair sieve. 
This will make about 12 gal. of good ink. (d) 2 lb. bruised galls, digested in 2 qt. alcohol at a 
temperature of 40°-60° (104°-140° F.) ; when about half the alcohol has evapomted, add 3 qt. 
water ; stir well, and strain through a linen cloth. To clarify the solution, add 8 oz. glycerine, 
8 oz. gam arabic, and 1 lb. sulphate of iron dissolved in water. Stir thoroughly from time to time 
for a few days, allow to settle, and put up in well-stoppered bottles for preservation. The addition 
of too much sulphate of iron is to be avoided, as causing the ink soon to turn yellow. Ink thus 
prepared is said to resist the action of light and air for at least 12 months, without suffering any 
change of colour, (e) Digest in an open vessel 42 oz. coarsely powdered galls, 15 oz. gum Senegal, 
18 oz. sulphate of iron, 3 dr. aqua ammonia, 24 oz. alcohol, and 18 qt. distilled or rain water. 
Continue the digestion till the fluid has assumed a deep black colour, (f) To good gall ink, add a 
strong solution of fine Prussian blue in distilled water; the inkwrites greenish-blue, but afterwards 
turns black ; it is said that it cannot be erased either by acids or alkalies, without the destruction 
of the paper. In all the inks descri bed in this section, nut-galls are introduced for the sake of their 
tannic acid. For this purpose, they are not equalled by any other tannin-yielding subdance ; and 
a Commission lately appointed by the Prussian Government, to decide what was the best ink to 
be employed for official purposes, selected that made from galls as being the foremost of all for 
durability. For cheaper inks, the galls may be replaced by catechu, sumach, and the host of other 
astringent substances described in the article on Tannin. The antiseptic (carbolic acid, &c.) is 
added to prevent the formation of mould. 

B. With Logwood. — (a) A decoction of logwood is first made by boiling 10 lb. logwood in 
enough water to produce 80 lb. of the decoction. To 1000 parts of this logwood extract, when cold, 
is added 1 part of yellow (neutral) chromate of potash (K^CrO^), stirring rapidly. It is ready for 
use at once, without any addition ; but it possesses the great fault of soon becoming thick. This 
may be corrected by (6) adding corrosive sublimate, or any other antiseptic, (c) Boil 10 oz. log- 
wood in 20 02 . water ; then boU again iu 20 oz. more water, and mix the two decoctions ; add 2 oz. 
chrome alum, and boil again for J hour ; add 1 oz gum arabic. The product is 25 oz. deep black 
ink. (d) Dissolve 15 parts extract of logwood in 1000 parts distilled water, to which 4 parts 
carbonate of soda have been added at boiling heat ; and add 1 part neutral chromate of potash dis- 
solved in a little water. This ink will not gelatinize, (e) 10 lb. best logwood is repeatedly boiled 
in 10 gal. water, straining each time. The liquid is evaporated down till it weighs 100 lb., and 
is then allowed to boil in a pan of stoneware or enamel. To the boiling liquid, nitrate of oxide of 
chrome is added in small quantities, until the bronze-coloured precipitate formed at first is redis- 
solved with a deep blue coloration. This solution is then evaporated in a water-bath down to a 
syrup, with which is mixed well-kneaded clay in the proportion of 1 part of clay to 3J of extract. 
A little gum, tragacanth is also added to obtain a proper consistence. It is absolutely necessary to 
use the chrome salt in the right proportion. An excess gives a disagreeable appearance to the 
wsiting; while, if too little is used, the black matter is not sufficiently soluble. The other chrome 
salts cannot be used in this preparation, «s they would crystallize, and the writing would scale oft' 
as it dried. The nitrate of oxide of chrome is prepared by precipitating a hot solution of chrome 
alum with carbonate of soda. The precipitate is washed till the filtrate is free from sulphuric 
acid. The precipitate thus o'otained is dissolved in pure nitric acid, so as to leave a little Jtill 
undissolved. Hence the solution contains no free acid, which would give the ink a dirty -red colour. 


Oxalic acid and caustic alkalies do not attack the writing. Dilute nitric acid reddens, but does not 
obliterate the characters. This ink is manufactured into ink-pencils, which give a very black 
writing, capable of reproduction in the copying-press, and not fading on exposure to light. (/) 20 
parts by weight extract of logwood are dissolved in 200 parts water, and the solution is clarified 
by subsidence and decantation. A yellowish-brown liquid is thus obtained. In another vessel, 
10 parts ammonia alum are dissolved in 20 parts boiling water; the two solutions are mixed, there 
being also added i part sulphuric acid, and finally 1 J part sulphate of copper. The ink should be 
exposed to the air for a few days to give it good colour, after which, it should be stored in well- 
corked bottles. (3) 30 parts extract of logwood are dissolved in 250 parts water ; 8 parts crystal- 
lized carbonate of soda, and 30 parts glycerine (sp. gr. 1 • 25), are added ; lastly, 1 part neutral 
chromate of potash and 8 parts gum arable, reduced to a powder, and dissolved in water. This ink 
does not attack pens, does not turn mouldy, and is very black. 

C . Misckllaiteous. — (a) The juice or sap of the ink-plant of New Granada, to which is given 
the name of chanhi, is at first of a reddish tint, but in a few hours becomes intensely black. It 
may be used without any preparation. The chanhi corrodes steel pens less than ordinary ink, and 
better resists the action of time and chemical agents. It is said that, during the Spanish rule, all 
public documents were required to be written with this ink : written otherwise, they were liable to 
damage by sea-water, (ft) 20 gr. sugar is dissolved in 30 gr. water, and a few drops concentrated 
sulphuric acid are added ; the mixture is heated, when the sugar is carbonized by the acid. 

Copying-ink. — The quality required of a copying-ink is that it shall afford one or more copies of 
the written matter by applying dry or damped paper to its surface, and subjecting it to more or 
less pressure. The best kinds of copying-ink are usually prepared by adding a little alum to an 
extract of logwood of 10° B. (1‘075 sp. gr.), or to a decoction of the same, and then, to improve 
its copying power, some sugar and glycerine, or table-salt is added. Such inks have a violet tint, 
are purple when first written, and gradually darken on the paper. The copies taken from them are 
at first very pale, and only slowly darken. The chief recipes for copying-inks are the following : — 
(a) Mix about 3 pints of jet-black writing-ink and 1 pint glycerine. This, if used on glazed paper, 
will not dry for hours, and will yield one or two fair, neat, dry copies, by simple pressure of 
the hand, in any good letter copy-book. The writing should not be excessively fine, nor the strokes 
uneven or heavy. To prevent “ setting-off,” the leaves after copying should be removed by blot- 
ting-paper. The copies and the originals are neater than when water is used, (ft) A good copying- 
ink may be made from common violet writing-ink, by the addition of 6 parts glycerine to 8 parts of 
the ink. Using only 5 parts of glycerine to 8 of the ink, the ink will copy well 15 minutes after it 
has been used. With fine white copying-paper, it will copy well without the use of a press, (c) lb. 
extract of logwood, 2 oz. alum, 4 dr. blue vitriol (sulphate of copper), 4 dr. green vitriol (sulphate of 
iron), 1 oz. sugar ; boU these ingredients with 4 pints water, filter the decoction through flannel ; 
add a solution of 4 dr. neutral chromate of potash in 4 oz. water, and a solution of 2 oz. “ chemick 
blue” in 2 oz. glycerine. The “chemick blue” is the solution of indigo in sulphuric acid, or sulph- 
iiidigotic acid, (d) A black coyping-ink, which flows easily from the pen, and will give very sharp 
copies without the aid of a press, can be prepared thus: — 1 oz. coarsely broken extract of logwood, 
and 2 dr. crystallized carbonate of soda, are placed in a porcelain capsule with 8 oz. distilled water, 
and heated until the solution is of a deep-red colour, and all the extract is dissolved. The capsule 
is then taken from the fire. Stir well into the mixture 1 oz. glycerine, (sp. gr. 1 • 25), 15 gr. neutral 
chromate of potash, dissolved in a little water, and 2 dr. finely pulverized gum arabic, which may 
be previously dissolved in a little hot water so as to produce a mucilaginous solution. The ink is 
now complete and ready for use. In well closed bottles, it may be kept for a long time without 
getting mouldy, and, however old it may be, will allow copies of writing to be taken without the 
aid of a press. It does not attack steel pens. This ink cannot be used with a copying-press. Its 
impression is taken on thin, moistened copying-paper, at the back of which is placed a sheet 
of writing-paper, (c) A new kind of Parisian copying-ink has been recently introduced into 
Germany, which differs from those previously in use in having, while liquid, a more or less 
yellowish-red colour ; hut on paper, it rapidly turns blue, and immediately produces a distinct 
blue-black copying-ink. Moreover, it remains liquid a long time, while ordinary violet copying- 
ink soon gets thick ; this kind copies easily and perfectly. The following is the method of its 
manufacture: — A logwood extract of 10° B. (sp. gr., 1-075) has ailded to it 1 per cent, of 
alum, and then enough lime-water to form a permanent precipitate. This mass is then treated 
with a few drops of a dilute solution of chloride of lime (bleaching powder), just enough being 
added to impart to it a distinct blug-black colour, after which, dilute hydrochloric acid is added drop 
by drop, until a distinctly red-coloured solution is produce^. To this solution is added a little gnm, 
and i-1^ per cent, of glycerine. It is evident that the small quantity of chloride of calcium, formed 
by this process, greatly increases the copying power of the ink ; while tlie exceedingly slight excess 
of Tree hydrochloric acid causes the ink to remain liquid, by holding in solution the lime and 
alumina lakes of logwood. When the writing dries, the acid gradually escapes, or is neutralized 
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by the trace of alkali in the paper, so that the blue-black lake is left. It is evident that any con- 
siderable excess of hydrochloric acid must be avoided, as also the nse of too much chloride of lime 
solution. (/) Add 1 oz. lump-sugar or sugar-candy to li pint good black ink ; dissolve, (g) A 
decoction of Brazil wood and glycerine used as an ink requires neither press nor copying-paper for 
multiplying the impressions ; it is only necessary to lay tissue-paper upon the writing, and to rub 
with the finger. (A) 5^ oz. best galls, 1 dr. bruised cloves, 40 oz. cold water, l^oz. pure sulphate of 
iron, 35 minims pure sulphuric acid, i oz. sulphate of indigo in thin paste, and neutral or nearly 
so. Place the galls, when bruised, with the cloves, in a 50-oz. bottle, pour in the water, and digest, 
shaking daily, for a fortnight. Filter through paper into another 50-oz. bottle. From the refuse 
of the galls, wring out the remaining liquor through a strong clean linen or cotton cloth into the 
filter, to avoid waste. Put in the iron, dissolve completely, and filter through paper. Add the acid, 
and agitate briskly ; add the indigo, and shake up thoroughly ; pass the whole through filter- 
paper. Filter from one bottle to another till the operation is complete. The same ingredients may 
be used for common writing-ink, reducing the proportion of galls to 4i oz. 

Coloured Writing-ink. — Coloured inks may be divided into two classes, those in which the 
colouring matter is derived from coal-tar, and those in which it is not. 

A. Without Coal-tab Coloues. — Bed: (o) 4 oz. ground Brazil wood, and 3 pints vinegar, 
boiled till reduced to IJ pint, and 3 oz. powdered rock alum added. (6) J lb. raspings of Brazil 
wood, infused in vinegar for 2-3 days ; boil the infusion for 1 hour over a gentle fire, and filter 
while hot ; put it again on the fire, and dissolve in it, first, J oz. gum arable, then J oz. alum and 
white sugar, (c) Boil 2 oz. Brazil wood in 32 oz. water ; strain the decoction ; add J oz. chloride 
of tin, and 1 dr. powdered gum arabic; then evaporate to 16 il. oz. (d) Dissolve 1 dr. carmine in 
J dr. liquid ammonia, sp. gr. 0 • 880 ; dissolve 20 gr. powdered gum arabic in 3 oz. water ; mix the 
two solutions, (e) Mix 2000 parts Brazil wood, 3 salt of tin, 6 gum, and 3200 water ; boil till 
reduced to one-half, and filter, (f) 2 parts Brazil wood, J alum, J cream of tartar, 16 water ; boil 
down to one-balf, and fitter ; add J part gum. (g') To an ammoniacal solution of cochineal, add a 
mixture of alum and cream of tartar, till the required tint is obtained. (A) Digest 1 oz. powdered 
cochineal in J pint hot water ; when quite cold, add a pint spirit of hartshorn ; macerate for a few 
days, then decant the clear portion, (i) Dissolve 20 gr. pure carmine in 3 11. oz. liquid ammonia ; 
add 18 gr. powdered gum. 

Purple ; (a) To a decoction of 12 parts Campeachy wood in 120 parts water, add 1 part sub- 
acetate of copper, 14 parts alum, and 4 parts gum arabic ; let stand for 4-5 days. (6) To a strong 
decoction of logwood, add a little alum, or chloride of tin. 

Violet; (a) Boil 8 oz. logwood in 3 pints water, till reduced to l.| pint ; strain, and add l.| oz. 
gum, and 2^ oz. alum. (6) Mix 1 oz. cudbear, 1 a oz. pearlasb, and 1 pint hot water ; allow to 
stand for 12 hours; strain, and add about 2 oz. gum. If required to keep, add 1 oz. spirit 
of wine. 

Blue; (a) Dissolve 2-3 oz. sulphate of indigo in 1 gal. water. (A) Rub together 1 oz. oxalic 
acid and 2 oz. fine Prussian blue, and add 1 qt. boiling water ; the excess of iron in the Prussian 
blue must first be removed by a strong mineral acid ; then wash in rain water, (c) 2 oz. Chinese 
blue, 1 qt. boiling water, 1 oz. oxalic acid ; dissolve the blue in the water, and add the acid ; it ia 
ready for use at once. 

Green ; (a) Calcine acetonitrate of chrome ; dissolve the green powder in sufficient water. (6) 
Dissolve sap green in very weak alum water, (c) 2 oz. verdigris, 1 oz. cream of tartar, ^ pint 
water ; boU till reduced to one-half, and filter. 

Green-black : Boil 1 5 parts bruised galls in 200 parts water for about 1 hour ; strain ; to the 
liquor, add 5 parts sulphate of iron, 4 fine iron shavings, and a solution of pint powdered indigo 
in 3 pints sulphuric acid. This ink flows readily ; it writes green, but turns black after a few 
days. 

B. With Coal-tab Colours. — The colouring matters derived from coal-tar may all be employed 
for writing purposes. These inks possess bright colours, do not precipitate tlieir colour, and dry 
quickly. When dried up or thickened, they can be put right by simple dilution with water. On 
the other hand, they are readily destroyed by chemical reagents. They must not be used with 
pens which have been employed in writing with other inks. They do not require any addition of 
gum ; but if desired, 1 part dextrine may be added to every 100 parts ink. Almost all tints may 
be produced by mixtures, in varying proportions, of the following principal colours : — 

Bed; (a) 1 part magenta in 150-200 parts hot water. (6) Dissolve 25 parts (by weight) 
safranine in 500 parts warm glycerine ; then stir in carefully 509 parts alcohol, and 500 parts 
acetic acid ; dilute in 9000 parts water, cont»ining a little gum arabic in solution. 

Blue : 1 part soluble blue (night blue) in 200-250 parts hot water. 

Violet ; 1 part violet-blue in 200 parts hot water. . 

Green : 1 part iodine-green in 200 parts hot water. Gives a bluish-green writing ; for a lighter* 
tint, add a little picric acid. 
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Telloto : 1 part picric acid in 120-140 parts water. This is not very snccessful. 

Invisible or Sympatbetic Ink. — ^The terms “ invisible ” and “ sympathetic ” are applied 
to any writing flnid which leaves no visible trace of the writing on the paper, until developed by • 
the application of heat or chemical reagents. They have been suggested (somewhat impractically 
it must he owned) for use on post^cards. They are principally as follows : — (a) Solution of sugar 
of lead in pure water leaves no trace of writing when dry ; the written characters held over a jet 
of sulphuretted hydrogen are developed of an intense black colour. (6) Nitrate of the deutoxide of 
copper in weak solution gives an invisible writing, which becomes red by heating, (c) Chloride of 
copper in very dilute solution, is invisible till heated. To make it, dissolve equal parts of blue 
vitriol and sal ammoniac in water, (d) Nitrate of nickel and chloride of nickel in weak solution 
form an invisible ink, which hecomes green by heating, when the salt contains traces of cohalt, 
which usually is the case ; when pure, it becomes yellow, (e) Chloride of cobalt in properly- 
diluted solution will produce a pink writing, which will disappear when thoroughly dry, become 
green when heated, disappear when cold, and pink again when damp. When often or strongly 
heated, it will at last become brown-red. (f) When the solution of acetate of protoxide of cobalt 
contains nickel or iron, the writing made by it will become green when heated ; when it is pure 
and free from these metals, it becomes blue, (g) Bromide of copper gives a perfectly invisible 
writing, which appears very promptly by a slight heating, and disappears perfectly by cooling. To 
prepare it, take 1 part bromide of potassium, 1 part blue vitriol, 8 parts water. It is better also to 
discolour the blue vitriol with 1 part alcohol. (A) A drawing or writing made with a strong 
solution, of acetate of lead becomes dark-brown by exposure to sulphide of hydrogen gas. (i) 
Writing with iodide of potash and starch becomes blue by the least trace of acid vapours in the 
atmosphere, or by the presence of ozone. To make it, boil starch, and add a small quantity of 
iodide of potassium in solution. (J) Sulphate of copper in very dilute solution will produce an 
invisible writing, which wUl turn light-blue by vapours of ammonia. (A) Soluble compounds of 
antimony will become red by sulphide of hydrogen vapour. (Z) Soluble compounds of arsenic and 
of peroxide of tin will become yellow by the same vapour, (in) An acid solution of chloride of iron j 
is diluted till the writing is invisible when dry. This writing has the remarkable property o^ 
becoming red by sulpho-cyanide vapours, and it disappears by ammonia, and may alternately be 
made to appear and disappear by these two vapours, (n) Writing executed with rice-water is 
invisible when dry, but the characters become blue by the application of iodine. This ink was 
much employed during the Indian Mutiny. («) Characters written with an aqueous solution of 
iodide of starch disappear in about 4 weeks, (p) Dissolve 1 fl. oz. common oil of vitriol (sulphuric 
acid) in 1 pint soft water ; stir well, and allow to cool. Write with a clean steel pen ; when dry, 
the writing is invisible ; held to the fire, it becomes indelibly black, (g) Writing executed with a 
clean quill pen dipped in onion or turnip juice is invisible when dry ; when the paper is heated, 
the characters assume a brown colour. 

Marking-ink. — The use of marking-ink is for writing on textile fabrics ; it must therefore be 
proof against the action of hot water, soap, alkalies, &c. The chief recipes are:— (a) 20 parts 
jrotash are dissolved in boiling water, 10 parts finely cut leather-chips, and 5 parts flowers of 
sulphur are added, and the whole is heated in an iron kettle until it is evaporated to dryness. 
Then the heat is continued until the mass becomes soft, care being taken that it does not ignite. 
The pot is now removed from the fire, and water is added ; the solution is strained, and preserved 
in bottles. This ink flows easily from the pen. (6) Triturate 1’75 grm. aniline black with 
60 drops strong hydrochloric acid and 42 grm. strong alcohol. The mixture is diluted with a hot 
solution of 2-5 grm. gum arable in 170 grm. water. This ink does not attack steel pens, and is 
destroyed neither by mineral acids nor by caustic alkalies, (c) Neutralize 75 gr. carbonate of 
ammonia with pure nitric acid, and triturate 45-60 gr. carmine with the solution. Mordant the 
fabric with a mixed solution of acetate of alumina and tin salt, and write upon it, when it is 
perfectly dry, with the ink. The characters will be of a Tyrian purple colour. (tZ) Dissolve in 
60 grm. water, 8-25 grm. crystalline chloride of copper, 10-65 grm. chlorate of soda, and 
5-35 grm. chloride of ammonium; dissolve 20 grm. hydrochlorate of aniline in 30 grm. distilled 
water, and add 20 grm. solution of gum arabic (1 part gum to 2 water), and 10 grm. glycerine ; 

4 parts of the aniline liquid mixed in the cohl with 1 part of the copper solution produce a 
greenish liquid, which may be used at once for marking linen ; but as it decomposes in a few days, 
it is better to preserve the two solutions separately. The writing is at first greenish, but is 
blackened by exposure to steam (for example, by being held over the spout of a boiling kettle). 

A dry heat renders the tissue'brittle. (e) First mix 1 lb. extract of logwood with 1 gal. water ; 
then dissolve 4 oz. sulphate of protoxide of iron in 4 o«. water ; and J oz. sulphide of potassium in 
2 oz. water. Dissolve the logwood extract by boiling ; add the potassium solution to the iron 
solution, until the latter assumes a black colour ; then add this to the logwood solution, and boil 
Sbr a few minutes. Add i oz. cyanide of potassium, to fix the colour ; then gum and alcohol. (/) 

An excellent marking-ink is made from the resinous juice of “marking-nuts,” the fruit of an 
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E. Indian tree (Semecarpas Anacardium). The “ nnta ” are coarsely crushed, then digested for some 
time in petroleum ether ; the solvent is finally allowed to evaporate spontaneously. The syrupy 
residue when used for marking gives a brown mark, which changes to black on applying ammonia 
or calcic hydrate. The marks resist chloride of lime, acids, and potassium cyanide, (p) First, 
moisten the place where the letters are to be written with a solution of 1 dr. carbonate of soda and 
1 dr. gum arabic in i oz. water, and smooth the spot with a warm iron. Next, with a quiU pen, 
write with a solution of 1 dr. bichloride platinum in 2 oz. water. Lastly, when the writing is dry, 
write over the letters only with a solution of 1 dr. protochloride of tin in 2 oz. water. Ttie marks 
immediately acquire a bright-pmple colour. (A) A quicker but more expensive method is to write 
with a solution of chloride of gold on the linen, previously starched and pressed ; on exposure to 
sunlight, the letters assume a bright rose-pink colour, (r) When a stencil-plate is used, apply with 
the brush a mixture of Chinese vermilion with thin copal varnish. The letters wiU appear red. 
(j) 22 parts carbonate of soda are dissolved in 25 parts distilled water; also 17 parts nitrate of 
silver in 24 parts ammonia ; 20 parts gum are then macerated in 60 parts water, and mixed with 
the soda solution; the nitrate of silver solution is then added, together with 33 parts sulphate of 
copper. The ink writes a rich blue. (A) Dissolve 1 dr. nitrate of silver in | oz. water ; add to 
solution as much liquid ammonia as will redissolve the precipitated oxide, with some sap green to 
colour it, and sufficient gum water to raise the volume to 1 oz. Letters written with this ink should 
be first fire-heated and then exposed to the sun to blacken. The fabric requires no previous 
preparation, (i) Write with a solution of nitrate of silver, thickened with gum, and tinted with sap 
green, on fabrics previously damped with solution of carbonate of soda, (m) Dissolve separately 
1 oz. nitrate of silver, and oz. carbonate of soda ; mix the solutions, and collect the precipitate on 
a filter ; wash well ; introduce the moist precipitate into a mortar, and add 8 scr. tartaric acid ; 
triturate till effervescence ceases ; add sufficient strong liquor ammonia to dissolve the tartrate of 
silver ; add 4 fl. dr. orchil, 4 dr. powdered white sugar, and 12 dr. powdered gum arabic ; make up 
to 6 fl. oz. with distilled water, (n) Crimson marking-ink may be made by adding 6 gr. carmine 
to the liquor ammonia of (m) ; but it soon loses its crimson tint, and becomes black. ('/) Dissolve 
25 gr. powdered gum copal in 200 gr. lavender oil, by the aid of gentle heat ; then add 2J gr. 
hamp-black, and i gr. powdered indigo, (p) In 18 oz. water, boil 2 oz. shellac, and 1 oz. borax ; 
when cold, filter ; add 1 oz. gum arabic, dissolved in 2 oz. water, with the requisite quantity of 
indigo and lamp-black. (?) First, dissolve together 8*5 parts chloride of copper, 10'6 parts salt, 
and 5'3 parts sal ammoniac, in 60 parts distilled water; then dissolve 20 parts hydrochloride of 
aniline in 30 parts water, to which has been added 20 parts of a gum solution (made by dissolving 
1 part gum in 2 parts water), and lastly, add ten parts glycerine. These solutions are kept in 
separate bottles. For use, mix 1 part by bulk of the first solution with 4 parts by bulk of the 
second. Apply with a quill pen or small brush. The writing appears green at first, but blackens 
on exposure to a higher temperature. 

Indian-ink. — The peculiar ink employed by draughtsmen is h rmed “ Indian,” because the best 
qualities have always come to os from ludia and China. In the latter country, the manufacture of 
drawing-inks is a large industry, and several factories are to be found in Shaughae and other parts 
of the empire. 

A. The Chinese mode of manufacture is as follows In some parts of N. China, the lamp-black, 
which forms the foundation of the ink, is prepared much in the same manner as in Europe (see 
Blacks — Lamp-black). In other districts, the following method prevails : — The furnaces are 
built upon the ground, with a length varying from 8 ft. to 40 ft., or even 50 ft., and with a mouth 
about 2 ft. in diameter. The material generally used is pine, or other resinous wood, or the resin 
itself, which is burned at the mouth of the furnace. Only the black deposited at the extreme end 
of the furnace is used for the finest ink, all the remainder being proportionately coarser. The 
fineness of the grain depends also upon the slowness of the combustion. The very finest black is 
said to be derived from pork-fat ; the next from oils and other kinds of grease. The smoothness of 
the ink is likewise largely dependent upon the careful sifting of the black through silken bags or 
sieves. The first operation in compounding the ink is to soak a quantity of the excellent glue made 
from buffalo-hide ; when thoroughly swollen, it is set aside, and will keep in this state for several 
days. For nse, the glue is melted in an iron pot, and as much lamp-black is added as will produce 
a soft paste. Tliis paste is very carefully kneaded by band. A small quantity of pea-oil is then 
added, and the whole is maintained at a temperature of 54'’-€0° (130°-140° F.), until the paste is 
found to be perfectly homogeneous. It is then poured out in the form of flat cakes, weighing 
1-2 lb. each, and is left in that condition for many days, to “ripen,” It often happens, when the 
weather is hot and damp, that the cakes bgcome covered with mould ; but this does not seem to pro- 
duce any Ul effect. While one set of workmen manufacture the paste, another set fashion it into the 
familiar forms met with in commerce. The latter sit at a bench, with a small brazier beneath ; the 
workman warms a piece of the paste, kneads it vigorously in his hands, presses it into a mould, at)^ 
places the latter under a long lever, on the end of which he sits, so as to compress the ink forcibly, 
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for some seconds ; he fills another mould in the meantime, and so the operation progresses. The 
moulds are made of wood, the characters to be impressed upon the cakes being engraved also on 
wooden dies. One of these dies is dropped into a cavity in the bottom of the mould, while 
another is laid on the top of the paste in the mould. Common qualities are often pressed into large 
moulds with several partitions, so that the cakes, when dry, can easily be broken off from each 
other. For wholesale manufacturing purposes, the beat is simply rolled, and the sticks, perforated 
at one end, are strung together in bunches of J-1 doz. The drying of the cakes occupies 5-6 days, 
according to the temperature. Their high polish is due to brushing over with a hard brush 
impregnated with tree-wax (probably that secreted by Coccus Pe-la, on the branches of Fraxinus 
chinensis'), which has the additional effect of preventing the ink soiling the hands when they are 
moist. The peculiar odour possessed by the finest ink is produced by mixing a small quantity of 
musk, or of Borneo camphor, with the paste while hot. The common qualities are unscented. 
The Japanese make ink in the same way, but it is inferior to the Chinese product, as, though the 
glue and gelatine are equally good, leas care is taken in the preparation of the lamp-black. The 
finest ink should be slightly brown in tint; when quite black, bluish, or grey, it is inferior. A 
stick of fine ink gives a clear, sharp sound, when struck ; if the tone be dull, the ink is not 
homogeneous. The heaviest ink is the best ; it improves in colour and brilliancy by age. The 
chief test of good ink is that it will produce a tint of any depth, without the slightest appearance 
of irregularity. Some cakes are worth 5-6s. each. 

B, There are several cheaper home-made imitations of the Chinese ink, besides some recipes for 
improving the qualities of the latter. They are chiefly as follows (a) To improve Indian-ink 
for drawing, so that even the thickest lines will quickly dry, add 1 part of carbolic acid to 80 of 
the ink. It, by mistake, too much has been added, it may be rectified by putting in more Indian 
ink. If the mixture is properly performed, the ink is as easy to draw with as it is without carbolic 
acid, but dries quickly, and may even be varnished without discharging, (ft) For making a deep- 
black Indian-ink, which will also give neutral tints in its half shades, rub thoroughly together 
8 parts lamp-black, 64 parts water, and 4 parts finely pulverized indigo. Boil the mixture until 
most of the water has evaporated ; then add 5 parts gum arabio, 2 parts glue, and 1 part extract of 
chicory. Boil the mixture again till it has thickened to a paste; then shape it in wooden moulds, 
which have been rubbed with olive or almond oil- (c) Most of the black Indian-ink met with in 
commerce possesses the disadvantage that it blots when a damp brush is passed over it; or, as 
draughtsmen say, “ it does not stand.” The addition of alum does but little good ; but bichromate 
of potash accomplishes the object, by renderiug insoluble the glue which the ink contains, and 
thus making the ink permanent. The bichromate of potash possesses a deep-yellow (almost red) 
colour, but does not at all injure the shade of the ink, as 1 per cent, of it in a very fine powder, 
intimately mixed with the ink, is sufficient. The bichromate must always bo mixed with the ink 
in a dry state, otherwise the latter might lose its friability in water. A drawing which has been 
made with this ink in the dark, or by artificial light, must be exposed to sunlight for a few minutes, 
which renders the bichromated glue insoluble in water. Draughtsmen who cannot provide them- 
selves with such ink, make use of a dilute solution of bichromate of potash in rubbing up the ink. 
There is no danger of the yellow penetrating the paper, if the ink is thick enough, (ct) A substance 
much of the same nature and applicable to the same purpose as Indian-ink may be formed in tlie 
following manner Convert 3 oz. isinglass into size by dissolving it over a fire in 6 oz. soft 
water ; dissolve 1 oz. Spanish liquorice in 2 oz. soft water, in another vessel over a fire ; grind up, 
on a slab with a heavy muller, 1 oz. ivory-black with the liquorice mixture; add this compound to 
the isinglass size while hot, and stir well together, till thoroughly incorporated. Evaporate away 
the water, and then cast the remaining composition into a leaden mould slightly oiled, or make 
it up in any other convenient way. («) Dissolve horn shavings with caustic alkali;' boil the 
brown liquid in an iron kettle till it is thick ; poor on double its weight of boiling water, and 
precipitate by dissolved alum ; dry, grind, mix it with gum-water, and pour it into a mould • add 
perfume, if desired. (/) Horse-beans, perfectly calcined, are ground to a flue powder, made into 
a paste with solution of gum arabic, and then formed into cakes, (j) Mix finest lamp-black with 
a solution of 100 gr. lac and 20 gr. borax in 4 oz. water. 

Printing-ink. — The ink used by printers is compounded mainly of two ingredients, colouriuf 
matter and varnish. The former varies according to the quality and tint of the ink; the latter 
may be obtained by natural resinous substances, or by mixing oil, rosin, and soap. 

A. Black.— (0) The chief colouring matter in black printing-ink is vegetable lamp-black. The 

price of the best qualities precludes their use, except for specially fine ink ; nevertheless, good ink 
cannot be made with inferior samples. An undue proportion of lamp-black in the ink will cause 
it to smear, however long it may have been printed, and to “set-off” during book-binding opera- 
tions. Thus the thickest inks are not the best, if the lamp-black is more than the varnish can 
b-nd. Ivory-black is too heavy to be used alone ; but a proportion ground up with the other 
ingredients makes a valuable ink for producing the best possible effect with wood-en<rraving 3 
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Only the best and blackest is admissible. Prussian blue, ground exceedingly fine, and used 
sparingly, deepens the colour of ink ; in excess, it gives a cold appearance. Indigo may replace 
Prussian blue. Perhaps the blackest tint is produced by equal quantities of each. To give a rich 
tone, and remove the coldness caused by indigo and Prussian blue, the addition of a little Indian 
red is strongly recommended. 

The natural resinous substances employed as a source of varnish are balsam of copaiba and 
Canada balsam. The former is superior, and, when old and pnre, may be used without any prepa- 
ration. Tlie latter is much thicker, and dries more quickly, and cannot therefore be used alone; 
but for a strong ink, a small proportion may with advantage be added either to the balsam of 
copaiba or to the artificial varnish now to he described. 

The basis of the artificial varnish is linseed-oil, which should he as old as possible. Of all other 
oils, the only one recommended as a substitute is nut-oil. The rosin used may be either black or 
amber. It melts in the boiling oil, and combines with it, preventing its separation from the 
colouring matter and staining of the paper, and binding the ink to prevent its smearing. The 
properties possessed by soap, which render it such an indispensable ingredient of printing-ink, are 
that it causes the ink (1) to adhere uniformly to the face of the type, (2) to coat it completely with 
the smallest quantity, (3) to leave the face of the type clean, and attach itself to the surface of the 
damp paper by the action of pressure, and that repeatedly, (4) to wash easily off the type, and 
(o) to never skin over, however long it may be kept. For all dark inks, well dried yellow or tur- 
pentine soap may be employed ; for light-tinted inks, cnrd-soap is preferable. Used in excess, soap 
tends (1) to render the colour unequal, where a large surface is printed, (2) to spread over the edges 
of the types, so as to give them a rough appearance, and (3) to prevent the ink drying quickly, 
and cause it to “ set off’’ when pressed. It is thus opposed to the binding quality of the rosin. 
Its due proportion is when the ink works clean, without clogging. 

The combination of these several ingredients is effected in the following manner : — Into an iron 
vessel having 2-3 times the capacity of the materials it is to receive, put 6 qt. linsecd-oil, and make 
a fire under it After a time, the oil simmers and bubbles up, but as the temperature increases, 
the surface resumes placidity ; next it commences to smoke, and then to boil, emitting a very 
strong odour ; as the boiling continues, a scum arises. At this stage, repeated tests should be made 
to ascertain whether the escaping vapours will ignite. At the moment whi n they will do so, the 
pot is removed fiom the fire, and placed on the ground, and the contents are stiired with an iron 
spatula, and kept burning. The pot is covered occasionally to extinguish the flame, wliile samples 
are withdrawn to test the consistence. When drops of the oil let fall upon a porcelain surface will 
draw out into strings about i in. long, the oil is suited for ink for ordinary book-work. The flame 
is then extinguished by firmly replacing the cover. On removing it, there is a great escape of 
strong-smelling smoke, and much froth ; the latter is made to subside by thorough stirring, and 
when this is accomplished, but not before, 6 lb. of amber or black rosin is gradually introduced 
and stirred in. When the rosin is dissolved, If lb. of dry brown or turpentine soap, in slices, is 
stirred in gradually, and cautiously, as it froths copiously. W’ben all the soap is in, and the 
frothing has ceased, the pot is returned to the fire till its contents boil, constant stirring being 
maintained. This completes the varnish. Into an earthenware pot, or a tub, of sufficient capacity, 
is put 5 oz. of Prussian blue, or indigo, or the two combined ; then 4 lb. of the best “ mineral lamp- 
black,’ and 3J lb. of good lamp-black; next add the varnish by degrees, while warm, stirring 
meantime and until all the ingredients are thoroughly mixed ; finally pass it through a levigating 
mill, or between the stone and muller, and reduce it to impalpable fineness. 

(6) A fine, intensely black, strong ink, without the use of oil and rosin, may be made in the 
following manner; — 9 oz. balsam of copaiba, 3 oz. lamp-black, IJ oz. indigo, or Pius.si,in blue, or 
equal proportions of each, | oz. Indian red, 3 oz. dry turpentine soap, ground between a muller and 
a stone to impalpable fineness. This is an excellent ink for giving good effect to highly finished 
wood-engravings. 

£. CoLOUEED. — Printing-inks may be made in a number of colours besides black. The prin- 
cipal are the following : — 

£ed : (a) Carmine may be readily ground into a fine ink of brilliant colour by admixture with 
black ink varnish made with balsam of copaiba. It is expensive, but valuable for special purposes. 
(6) Crimson lake is easily reduced by the muller ; it works clean, and does not require more soap 
than is contained in the varnish, but it does not possess much depth, (c) A deeper tone than can 
be obtained from commercial lake may he produced in the following manner : — 1 oz. best cochineal, 
powdered, and boiled in 1 qt. water, till the colouring matter is extracted ; let the cochineal 
subside, and pour the liquid into another fciSsel ; when cold, gradually add some chlorate of tin, 
with constant stirring, till the supernatant liquid, on standing, becomes nearly colomless ; then add 
a little powdered alum. Assist the solution by stirring ; allow to subside ; pour off the excess^ 
liquid ; wash the coloured residue with 3 or 4 waters, to remove the acid ; and dry carefully and 
slowly. The addition of cream of tartar during the process will give a purple tint, (rf) Vermilion 
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may be used for red ink where neatness is required, as for title lines of books. The quantity 
varies much, and necessitates care in its proportions. It requires much soap to make it work clean. 
(e) For cheap work, such as posting-bills, red-lead may be used ; it requires additional soap to 
make it work clean, and its colour soon changes to black. (/) An excellent, permanent red, of 
rich tone, may be produced from Indian red. (g) Venetian red is easily ground into a smooth ink, 
and requires but little more soap than the varnish usually contains ; it is not very intense. 

Tel/oia : (a) The highest yellow is obtained from chromate of lead, which is easily ground into 
a fine ink, works freely and well, and requires but little soap beyond what the varnish contains. 
(5) Yellow ochre is easily ground into a fine ink ; it gives a useful colour, dull but permanent. 

Green : Various shades of green may be produced by suitable admixture of blues and yellows. 
Prussian blue and chromate of lead make a good rich green ; indigo and the same yellow, a deeper, 
duller colour; Antwerp blue and the same yellow, a brilliant rich green. The chromate must be 
quite pure to ensure bright colours. 

£/ue: (a) Indigo gives a deep but dull blue; it is cold, but permanent. (6) Prussian blue 
needs much grinding, and extra soap ; it afibrds a deep, bright colour, and is useful for making 
greens, (c) Antwerp blue is easily ground to the proper degree of fineness, makes a good ink, and 
works clean and well ; its tint is bright anil light, with a slight green tendency. 

Purple: Difierent shades of purple may be made by grinding together carmine, or purple lake, 
with Prussian blue. 

Engraving-inks.— Under the term “ engraving-inks,” will be included all inks employed for 
engravers’ purposes, whether on atone, wood, or metal. 

Black. — ( a) Coal-tar, 100 parts ; lamp-black, 36 ; Prussian blue, 10 ; glycerine, 10. This ink 
may he used for lithography, chromolithography, autography, d'c. (6) To the varnish obtained by 
boiling linseed-oil, as for printing-ink, is added as much best calcined Paris black as can be ground 
up with it. This is a litho printing-ink. For copper-plate printing, the Paris black is replaced by 
lamp-black, (c) 8 oz. mastic in tears, 12 oz. shellac, 1 oz. Venice turpentine; melt together; add 
1 lb. wax, 6 oz. tallow ; when they are dissolved, add 6 oz. hard tallow soap-shavings, and mix ; 
then add 4 oz. lamp-black. Mix all well together, let cool slightly, pour into moulds, and cut into 
cakes of convenient size. This ink is suited for writing on stones, (d) To render (o) liquid, for 
writing and drawing on transfer-paper, it is wanned in a pot, and then rubbed down with soft 
water (rain, or distilled water). The pen should be dipped into oil, and wiped, before use. 

CoLOUEED. — Coloured inks are made by adding to the varnish already described, certain pig- 
ments, of which the principal are as follows : — 

Red : 5 oz. mineral orange-red, 2 oz. Chinese red. 

Blue ; 2 oz. celestial blue, 3 oz. marine blue. 

Green ; 2 oz. mineral green, 3 oz. chrome-green. 

Brown ; 2 oz. burnt umber, 1 oz. rose-pink. 

Lilac ; 1 oz. Prussian blue, 2 oz. Chinese red. 

Pink : 2 oz. mineral pink, 1 oz. satin-white. 

Orange : 2 oz. orange-red, 1 oz. flake-white, ground up with Canada balsam, and omitting the 
linseed-oil varnish. 

Miscellaneous Inks. — Inks for writing on metallic surfaces may be made as follows: — 
(a) 1 part verdigris (acetate of copper), 1 part sal ammoniac, I part soot, 10 parts water ; stir well 
write with a quill. Q>) 1 grm. sulphate of copper, dissolved in 20 grm. water ; add 2 drops hydro- 
chloric acid, and enough solution of gum arabic to make the ink adhesive. To make the writing 
appear at once, add a little pyrogallic acid. Write with a copper pen. (c) Dissolve 2 oz. shellac 
in 1 pint alcohol, filter through chalk, and mix with finest lamp-black ; forms a jet-black, lustreless 
ink, insoluble in water. A violet ink for rubber stamps is made by mixing 2-4 dr. aniline violet 
in 15 oz. alcohol and 15 oz. glycerine. Gold inks are made as follows : — (u) 24 leaves gold, J oz. 
bronze gold, 30 drops spirit of wine, 30 grm. honey, 4 dr. gum arabic, 4 oz. rain-water ; rub the 
gold with the honey and gum, and having mixed it with the water, add the spirit. (6) 1 part 
gold, 3 parts aqua regia ; mix, and evaporate till all the chlorine is given off ; cool, and mix well 
with ether ; thicken With naphtha or essential oils. An improved method of making gold and silver 
inks is to triturate the purified metallic powder with a solution of 1 part white gum arabic in 4 parts 
distilled water, and 1 part potash water-gla.ss. 

Imports of Inks. — The value of the inks imimrted into the United Kingdom from all countries in 
1879 was 82731. 

Bibliography. — W. Savage, ‘ Printing Ink ’ (London : 1832). 

(See Blacks ; Camphor ; Coal-tar Products ; Dyesthffs ; Pigments ; Printing and Engraving ; 
Eesinous Substances ; Tannin.) 
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IVORY (Fe., Tvoire, Ebume \ Ger., ElfenbeirC), 

The term “ ivory is properly restricted to that substance which forms the main body of the 
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long, projecting, hom-like teeth, called “tnsks,” of the elephant, and the other proboscidian 
quadrupeds belonging to the two genera, Elephas and Mastodon. It is the only form of dentine, or 
tooth-substance, which, in transverse sections or fractures, shows lines of different colours, or 
stri®, proceeding in the arc of a circle, and forming, by their decussations, minute curvilinear 
lozenge-shaped spaces. This peculiarity extends to the smallest fragment of true ivory, whether 
recent or fossil, and serves to distinguish it from all other kinds of tooth-substance, from bone, and 
from artificial compounds such as celluloid. The large size, and the density of the principal 
substance, of the teeth of many other species of animal, however, favour their application to 
many purposes analogous to- those for which tme ivory is used ; these wUl find a place in the 
present article. 

The economic value of teeth is dependent chiefly upon the laws of their growth. Those of 
limited growth, and which are incapable of renewing the waste that they suffer by wear, as in the 
case of man and most animals, are practically valueless ; but those which continue to grow as long 
as the animal lives, as the tusks of the boar, hippopotamus, walrus, narwhal, elephant, and 
mastodon, are important objects of commerce. In teetli of unlimited growth, tooth-substance is 
formed at the base as fast as it is worn away from the apex, and thus the growth is uninterrupted. 
At first, the ratio of addition is greater than that of abrasion, and the tooth not only grows but 
increases in size ; when the animal has attained its full size, however, the tooth is reproduced 
without increase of size, or augments only in length, and that solely where its surface is not 
abraded by an opposite tooth. The shape of the tooth or tusk, and the impressions on its surface, 
are due to the shape of its socket ; malformations of the latter produce various abnormal forms of 
tusk. The tusk of the elephant is slightly movable in its socket, and may be readily made to 
grow in any particular direction by habitual pressure. 

Having thus discussed the subject in its general bearings, it will be convenient to devote some 
separate consideration to each of the ivory-yielding animals — the elepliant, mammoth, hippo- 
potamus, walrus, narwhal, and dugong. 

Elephant-ivory. — Existing elephants are divided into two distinct species— AfepAas tndicus, 
found, in several varieties, in both continental and insular Asia ; and E. africanus, widely dis- 
tributed in Africa. The most important characteristic of the Asiatic elephant, in connection with 
this article, is that tusks of a size to possess any commercial value are confined to the males. In 
the African species, the tusks of both sexes are of marketable giowth, though the male is con- 
siderably the larger. 

The two large permanent tusks of the elephant are preceded by two small deciduoirs ones, 
which make their appearance beyond the gum between the 5th and 7th months. They measure 
about 2 in. in length, and ^ in. in diameter where they protrude ; they are shed between the Ist 
and 2nd years. The permanent tusks cut the gum when about 1 in. long, and at 1-2 months after 
the “ milk-tusks ” are shed. At this period, the permanent tusks are black and rugged at the 
ends ; as they grow beyond the lip, they are worn smooth by the motion and friction of the trunk. 
The microscopic structure of the peculiar modification of dentine called ivory is characterized 
partly by the minute size of the tubes, which, at their origin from the pulp-cavity, do not exceed 
in. in diameter ; in their close arrangement, at intervals but little greater than the breadth 
of a single tube ; and, above all, in their strong and almost angular gyrations, which are much 
greater than the secondary curvatures of the tubes of ordinary dentine. By the minuteness and 
close arrangement of the tubes, and especially by their strongly undulating secondary curves, is 
produced a tougher and more elastic tissue than results from their disposition in ordinary dentine. 
Hence the superior value of ivory. Domestication of the elephant is usually attended by depre- 
ciation in quality, and decrease in size, of its ivory ; and scientific observation has not resulted in 
the discovery of any means for increasing the growth, nor improving the quality, beyond the 
straightening process alluded to. 

The tusks of the variety of Indian elephant called Dauntelah project nearly horizontally, and 
are sometimes almost straight. They are the largest of all Indian ivory, and rarely exceed 72 lb. 
in Bengal, and 50 lb. in Tipperah. In the Mooknah breed of India, the tusks are much smaller, 
are straight, and point directly downwards. Indian ivory has an opaque dead-white colour, and 
manifests a tendency to become discoloured. The exports of unmanufactured ivory from British 
India in recent years have been : — 5936 lb. in 1874, 8288 lb. in 1875, 12,300 lb. in 1876, 10,731 lb. 
in 1877, 11,211 lb. in 1878. Their respective values were 22951., 39181., 59471., 52561., 56651. ; 
and the values of the manufactured ivory exported in the same years were: — 1551., 2121., 8851., 
3021., 421. Very large numbers of elephants are still found in Ceylon ; their ivory is distinguished 
by fine grain, small size, and pearly blui^ tint. Siam produces considerable quantities of ivory, 
which is considered much superior to Indian in appearance and density. The search for fossil 
ivory, probably of the same species as now exists, is said to be very profitable all along the W. side 
of the Gulf of Siam. The Singapore ivory most resembles that from Ceylon. Pegu and CochA 
China afford larger tusks, up to 150 lb. 
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The ivory of the African elephant is much larger than that of the Indian. The animal itself 
is also much larger, especially to the south of 20° S. hit. Curiously enough, the ne.irer the equator 
is approached from tliat liue, the smaller are the animals, but the larger the tusks. The latter 
feature may be accounted for by the greater age of the animals in less disturbed districts. The 
finest transparent ivory is collected principally along the W. coast of Africa, between lats. 
10’ N. and 10° S., and is believed to deteriorate in quality, and to be more liable to damage, with 
increase of latitude in either direction. The best white ivory is chiefly the produce of the E. coast 
of Africa generally. African ivory is considered to be in best condition when, recently cut, it has 
a mellow, warm, transparent tint, almost as if soaked in oil, and with little appearance of grain or 
fibre. In this state, it is termed “green” or “transparent.” By exposure, the transparency is 
reduced, and the remaining delicate white line should be permanent. The quality of W. African 
ivory varies much. That best suited to the English market comes from the Camarone coast ; 
Gaboon, Loando, Congo, and Ambriz rank next ; these are followed by Gold Coast ivory, and 
that shipped at Sierra Leone and Cape Coast Castle. The Gold Coast may generally be known by 
having a roughly hewn hole near the end of the hollow ; Gambia tusks are usually very bad, 
always broken, crooked, cracked in the hollows, and more or less damaged. On the E. coast of 
Africa, Zanzibar is the principal mart for perhaps the finest and largest ivory in the world. It 
collects the produce of the lands lying between the parallels of 2° N. lat., and 10° S. lat., and the 
area extending from the coast to Lake Tanganyika. Tlie merchants at Zanzibar recognize three 
distinct qualities : — (1) The best, a white, soft and large variety, with small “bamboo,” is from 
the Banadir, Brava, Makdishu and Marka. A somewhat inferior, harder sort is brought from the 
countries of Chaga, Umasac and Nguru. The Wamasai often spoil their tusks by cutting them, 
for facility of transport ; and, like the people of Nguru, and other tribes, they stain the exterior 
with smoke, as a supposed preventive against their cracking or splitting in the sun. (2) The 
second quality is imported fiom the regions about Lake Nyassa, and carried to Kilwa by the 
Wabisa, Wahido, Wangindo, IVamakua, and other clans. The “ Bisha ” ivory formerly found its 
way to Mozambique. (3) The third and least valued quality is the western variety, the gendai, 
and others imported from Llsagara, Ujiji, Urori, Unyamwezi, and its neighbom-hood — Mgun’da 
Mkhali, Usukuona, Umanda, Usagozi, &c. The ivory of Ujiji is collected from the provinces 
lying around the northern end of the lake, especially from Urundi and Uvira; these tusks have 
one great defect : though white and smooth, when freshly taken from the animal, they put forth, 
after a time, a sepia-coloured or dark-brown spot, extending like a ring over the surface, and 
gradually injuring the texture. It is apt to flake off outside, and is little prized on account of its 
lightness. Burton instances a lot of 47 tusks at Zanzibar averaging 05 lb. each, 80 lb. being 
considered moderate, and 70-75 lb. poor. Specimens weighing 175 lb. are not uncommon, and 
even 227-280 lb. is spoken of. At a London sale, Zanzibar tusks averaged 122 lb., Lagos 114 lb.. 
Cape and Natal 106 lb., Gaboon 91 lb., and Angola 69 lb. ; but these figures are not an absolute 
guide. Large quantities of ivory find an outlet at the Cape and Natal. The former expoited 
143,682 lb., value 60,4021., in 1875; 161,2341b., 58,6261., in 1876; 137,660 1b., 50,7111., in 1877; 
and 149,701 lb., 50,155/., in 1878. The latter shipped 27,792 lb., 94301., in 1875 ; 29,172 lb., 
11,0481., in 1876; 43,119 1b., 15,0141., in 1877; 37,1361b., 12,0541., in 1878. Of late years, a 
considerable quantity of ivory is brought by caravan across the desert to the various ports of 
N. Africa. Thus, the value of the export from Tripoli was 30,8001. in 1878, and 21,0001. in 1879 ■ 
that from Bengazi, in 1878, was 50001. (all to England) ; while those from all Egyptian ports in 
1879, were: to Great Britain, 4400/.; France, 15001.; Italy, 13301.; Austria, 5301.; Turkey, 
2601. 

Fine ivory is known by having no cracks nor flaws, whether in the solid or in the hollow ; their 
presence is a serious detriment. Tusks that taper very gradually are preferred, and those which 
have a small hollow, i. e. are as straight as possible. Sharply-tapering and much-bent tusks cause 
great waste in cutting up. Tusks damaged at the point are inferior, and depreciated internally. 
The coat should be fine, thin, clear, and transparent. The applications of ivory include almost all 
ornamental articles of turnery, as well as knife-handles, brush-backs, combs, piano-keys, &o. 
“ Scrivelloes,” or tusks weighing less than 20 lb., are principally converted into billiard-balls. The 
ivory for piaiio-keys, combs, ,and otlier square articles, is cut into shape by means of very fine 
circular saws. The goods are polished and bleached. The latter operation is performed either 
by exposure to sunlight for periods varying from 4 weeks to 6 months, or by immersion in turpen- 
tine (kept near the surface), accompanied by exposure to sunlight for 3-4 days. When bleached 
the ivory may be dyed. For ordinary dyestuffs, it will need to be first mordanted by soaking for 6-8 
hours in vinegar, or alum solution. Bed may be produiSed by a decoction of peach-wood ; yellow 
by saffron ; green, by a solution of 3 parts verdigris and 1 part ammonia in vinegar ; blue, by fol- 
lowing the gieen bath with potash lye ; black, by logwood decoction and acetate of iron. Coal-tar 
colours may also be used. Ivory is silvered usually by immersion for a few minutes in a nitrate of 
silver bath, and then in clean water exposed to the sun ; or by exposure to the fumes of phospho- 
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retted hydrogen after the silver bath. It may be made flexible by immersion in pure phosphoric 
acid, of sp. gr. 1 ■ 13 ; it hardens again on exposure to the air, but resumes pliancy when put into 
hot water. 

Mammoth.- or Fossil Ivory. — The tusks of the extinct ElepHas primigenms, or mammoth, 
have a bolder and more extensive curvature than those of E. indicus. The numerous specimens 
which have been discovered may be ranged under two averages of size — the larger at 9.j ft. long, the 
smaller at 5 J ft. Prof. Owen assigns the smalier to the female animal, and thus makes the mammoth 
more nearly allied to the African than the Indian elephant of the present. This extinct elephant 
roamed in countless herds over the temperate and northern parts of Europe, Asia, and America, and 
its remains are now found in great abnndanoe in Siberia and Alaska, preserved in the frozen soil. 
The erosion of the soil along the banks of the great rivers feeding the Arctic Ocean discloses every 
year very large quantities of this fossil ivory, the chief centres for its barter being Yakutsk, on the 
Lena, Turuchansk, on the Jenesei, and Obidorsk, on the Obi. Numbers of tusks are also found 
scattered about on the Tundras; while the richest harvest of all is gathered from the New Siberia 
Islands. Probably the total annual production of fossil ivory in Asiatic Kussia amounts to 20,000- 
30,000 lb., the average weight of a pair of tusks being placed at 200 lb. The largest rarely leave 
the country, being either too rotten for industrial purposes, or so heavy that the natives are obliged 
to saw them up for removal. This latter fact causes great waste of the material. The tusks were 
an article of export to China at least 7 centuries ago, and no signs are yet visible of any diminution 
in the supply. Some were sold in London in 1876 at prices varying from 221. to 431. a cwt. Recent 
explorations on the Yukon river, in Alaska, are said to indicate the existence of even larger quanti- 
ties of fossil ivory than have been yielded in Siberia. 

Hippopotamus-ivory. — The hippopotamus, or “sea-cow” {Hippopotamus amphihius), is a 
native of Africa, in some parts of which, it is found in great abundance. The teeth of this animal 
which possess commercial value are of two kinds — the “ canines,” and the “ incisors.” The former 
are 4 in number, 2 in each jaw ; those of the lower jaw are the larger ; both are much curved. 
They are composed principally of an extremely dense, compact kind of dentine, protected on the 
most exposed portions of the surface by a thick layer of enamel, so hard as to strike fire with steel. 
The incisors number 8, ate various in size, but all smaller than the canines, and are of less value. 
Usually only the two lower, lateral, projecting incisors are imported. The larger proportion of 
mineral matter in the dentine of the canines, as compared with elephant- or walrus-ivory, and its 
great density of formation, render it harder, and less liable to receive stains, than other similar 
substances, whilst the smaller amount of organic matter, and the almost complete absence of oily 
particles, account for its superior and delicate whiteness. These latter qualities, on the other hand, 
induce a certain brittleness, and render it easily acted upon by organic acids. The enamel is still 
whiter and harder than the dentine. Formerly, the canines were largely used by dentists, for 
making artificial teeth ; but they have latterly been replaced by substitutes less liable to destruc- 
tion by the acids met with in the act of eating. They are much employed in France, for the pro- 
duction of delicate intaglios ; they are also superior to ivory for handles of surgical instruments, 
&o. For all but dental purposes, the enamel is first removed by an acid bath. The incisors are too 
soft to be of any value to dentists ; the two long lower ones are made into knitting- and netting- 
needles, and similar articles. The smaller and curved upper incisors are fit only for common 
tnmery. At one time, we imported 7—10 tons annually, worth up to 30s. a lb ; the quantity now is 
small, and the value only Is. 6d.-2s. 6d. a lb. 

W alms-ivory. — The walrus, or “ sea-horse” {Trichecus Eosmarus [_Bosmarus oJcsusj) is a native 
of the Arctic regions, being found abundantly on the coasts and islands of Alaska, where some 
50,000 are obtained every year by the American whalers. The tusks of the animal are limited to a 
single pair, growing from the upper jaw, and descending outside the lower jaw. Their substance 
is less dense and coarser than the dentine of the hippopotamus tusk, and is of proportionately less 
value in commerce. They weigh about 4 lb. a pair, and sometnnes attain a length of 2 ft. They 
were formerly in demand for dental purposes, and are much used in Chinese turnery. The quantity 
annually produced in Alaska amounts to about 100,000 lb.; and the Hudson’s Bay Co. sometimes 
import 100-200 lb. in a year. 

Narwhal-ivory. — The narwhal or “ sea-unicorn ” {Monodon monoceros) is also an inhabitant 
of the Arctic seas. The tusks are reduced to a single tooth, restricted to the male. It grows from 
the upper jaw, in a straight line ; its exterior is marked by spiral ridges, which wind from within, • 
forwards, upwards, and to the left. About 14 in. is implanted in the socket, and this is the most 
solid and weighty portion ; it tapers gradually from base to apex, and attains a length of 9-10 ft., 
and a diameter of 4 in. at the base. It ij, in fact, the left tusk of a pair, the right one being 
abortive, but always to be found in a rudimentary state, and occasionally protruding for a few 
inches. Denmark has sometimes imported IQO tons of these tusks (miscalled sword-fish horns } 
from the Arctic seas in one year. The Greenland Co. collected 457 lb., valued at 175(, in the year 
ending March 1875. The substance of the tusk is comparatively coarse, and of little value. 
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I>ugong-ivory. — The Australian “dugong” (jBaticore australis) is best known as affording a 
valuable animal oil, and is therefore described at length under Oils ; but it also yields a kind of 
ivory. According to some accounts, the intermaxillary bones of the animal possess a fineness and 
hardness of grain, specific gravity, and appearance closely resembling ivory, and may be generally 
used as a substitute for elephant-ivory. Other accounts speak only of the two large incisor teeth 
or tusks, which adorn the head of the male, as being suitable for such purposes. Some cwt. have 
formerly been shipped from Moreton Bay, and valued at 60s. a cwt. 

Imports and Values of Ivory. — Our imports of ivory — designated, in the Custom-House Returns, as 
elephants’, sea-cows’ and sea-horses’ “ teeth ” (the commercial term being, in this case, scientifically 
correct) — in 1879 were as follows ; — From Holland, 580 cwt., 23,8761. ; Malta, 618 cwt., 26,2031. ; 
Egypt, 685 cwt., 37,5301. ; Aden, 440 cwt., 21,5051. ; E. coast Africa, native states, 650 cwt., 32,5111. ; 
Biitish S. Africa, 1367 cwt., 62,7721. ; British W. Africa, 85 cwt., 33371. : W. coast Africa, Portu- 
guese possessions, 275 cwt., 11,6131.; W. coast Africa, not particularly designated, 1801 cwt., 
69,7981. ; Bombay and Scinde, 1737 cwt., 79,0651. ; Bengal and Burmah, 55 cwt., 26251. ; other 
countries, 1091 cwt., 36,0921. ; total, 9414 cwt., 406,9271. 

The approximate relative values are ; — Elephant-ivory : 70 lb. each, and upwards, 50-701. a cwt. ; 
50-70 lb., or “ seconds,” 45-651. ; 35-50 lb., or “thirds,” 40-601. ; 20-35 lb., or “ fourths,” 30-501. ; 
“ scrivelloes,” 12-341. ; solid scrivelloes for billiard-balls, 45-651. ; cut pieces for billiard-balls, 50-751. 
Sea-horse (walrus) teeth, 6d.-8s. a lb. 

The chief substitutes for ivory are an artificial compound termed “ celluloid,” and the hard 
vegetable kernels called “ corozo-nuts.” 

Bibliography. — E. Owen, ‘Ivory and Teeth of Commerce’ (Jour. Soc. Arts, Vol. v.. No. 213, 
London: 1856); P. L. Simmonds, ‘Animal Products’ (London : 1877). 

(See Bones; Celluloid; Horn; Nuts — Corozo-nuts). 

JUTE MAJCHTFACTUBES. 

The use of jute as a textile fibre, though known ages since in India, is only of recent introduction 
into this country. After the manufactures of India had been made familiar to the English public, 
attention was turned to the raw products of the coimtry, amongst which the numerous indigenous 
fibrous plants engaged a great share. The use of jute for the manufacture of gunny-bags, 
canvas, carpets, and various other purposes, by the Hindoos, suggested its adaptability for similar 
textures at home. Towards the close of the last century, small lots of the fibre were imported into 
this country, and also to Hamburg and America, with the view of introducing it to manufacturers. 
But it was not favourably regarded, and, though for several years afterwards the E. India Co. 
repeated the experiment, the fibre continued in neglect, and remained comparatively unknown. 
Abingdon, in Oxfordshire, noted for its manufactures of woollen carpets, canvas, tunics, and similar 
fabrics, received some of these first importations ; and here the first serious attempts were made to 
test its utility. Some of the fibre having been spun by hand, the yam produced was discovered to 
possess some resemblance to woollen yarn, which led to its being dyed, and manufactured into 
carpets. This was probably between the years 1 20-5. Tentative efforts continued to be made 
throughout the following 10-15 years. These too dace chiefly at Dundee, at that time one of the 
principal seats of the linen manufacture. The fi was tried in hand spinning, shed-spinning, 
and upon power flax machinery, which last was then eginning to be introduced into the trade. 
There was, however, much prejudice against it, and great reluctance to devote either money or 
effort to the experiments. The unsatisfactory results of previous trials of unknown Indian fibres 
engendered considerable distrust concerning all similar articles from that country. But it was not 
manufacturers alone who looked askance at the fibre : merchants, dealing in the classes of goods 
into which it was proposed to introduce it, refused to have anything to do with it, and required 
guarantees that the fabrics they purchased should contain none of it. Yet notwithstanding these 
obstacles, experiments were repeated in various directions, though on the smallest scale ; and here 
and there, sucli results were obtained as encouraged persistence in the efforts to obtain somethino- 
useful from it. From 1832, may be dated tlie practical success of these endeavours. At that time, 
Mr. Watt, a linen merchant, more far-seeing than most of his competitors, perceived its adaptability 
for several of the fabrics manufactured in the locality, particularly cotton-bagging, then rising 
into great demand. The length of the fibre, however, as compared with others in use, was a great 
drawback. Watt therefore got an old breaker card erected, and passing the jute through this, 
reduced it to a manageable length. The results of attempts to spin it in this form must have been 
more satisfactory, as Watt’s difficulties diminished rapidly, several of the leading spinners becoming 
free purchasers of the raw material. From that time, i^^ progress has been one of steady growth 
in public favour, until it has attained the important position it now holds amongst the textile 
industries of this country. 

' The jute consumed in our manufactures is chiefly imported from Bengal, where it is largely 
grown. After being assorted into different qualities, it is packed in bales containing about 400 lb. 
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eacb, an^^exported to the principal centres of consumption, the seaports nearest thereto, and often 
to other places, such as London and Liverpool, being a convenient return cargo. 

The processes of manufacture which jute undergoes in the first division, are : — Softening, carding, 
drawing, roving, and spinning. These leave it in the form of yarn. 

Softening.— Oviiag, to the harsh character of the fibre, which renders it ill adapted for spinning, 
and which was one of the 
greatest difBculties encoim- 
tered in the first experiments 
with it, the raw material 
requires to be subjected to 
the process of “ softening.” 

After being taken from the 
bale, the fibre is passed be- 
tween a series of heavy 
fiuted rollers, which crush 
and crimp it so that it be- 
comes much more amenable 
to torsion than before. 

Fig. 861 exhibits a longi- 
tudinal section of the soften- 
ing-machine, by means of 
which this is accomplished. 

It consists of four rows of 
rollers, 10 in each row, 
which are superimposed on 
each other. These rollers 
are 9 in. in diameter, and 
2 ft. 6 in. in length. They 
are deeply fluted, as may be 
seen in Fig. 862, which is £ 
upon a scale of |th the size 
of the object ; they are held 
in position by their axles 
being inserted in vertical 
slots in the side of the frame. 

The top roller rests upon the 
second, these two upon the 
third, and the whole three 
upon the bottom one. A 
feed-apron a is attached to 
the front of the machine. 

Over the top, are placed two 
cisterns k I, the first of which 
is a reservoir of water, and 
the second of oil. Each of 
these contains a revolving 
roller mn, which dips half 
its circumference into the 
fluids. Impinging against 
the upper surface, is a 
“ doctor ” or scraper op, ex- 
tending across the length of g 
the roller, and the outer edge “ 
of which passes beyond the 
cistern. This is arranged 
to form an inclined plane, 
the lower edge being that 
away from the roller. At 
the extremity of the machine, 
are a pair of delivery-rollers, the bottom one of which is fluted, the superincumbent one being 
plain. « 

The process is as follows : — The “ stricks,” or handfuls of jute, are evenly fed upon the travelling 
apron a, which is actuated by the three rollers 6, and travels in the direction of the arrow, the layer 
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of fibre passing between the rollers c d, thence along the series, around the last of which it descends 
to retrace its course to the front of the machine, coming out between the rollers d e, down the front 
of which it again descends, and passes between the third and the bottom series, emerging from 
between the delivery-rollers g h. It will be observed that, when the fibre passes between the 
rollers a 6, it is subjected only to the weight of the upper row of rollers ; on its return, this weight 
is doubled, as the fibre is then passing under the two upper rows, after doubling from which, it is 
subjected to the weight of the three uppermost rows of rollers. The action of the corrugated 
surfaces of the rollers is also assisted by a slight lateral traverse, which is imparted to them to 
iucrease their effect. 

Formerly jute was subjected to a process called “ batching,” in which the fibre was spread in 
layers, and sprinkled with oil and water, afterwards being left for several days, so that the mass 
might become uniformly permeated by the moisture, and thereby softened tor the card. This is now 
more efBciently performed by means of this machine, with its attachment, as mentioned above, 
consisting of the water-cistern i, and the oil-cistem 1, which, by means of the revolution of their 
respective rollers, discharge their contents upon the jute, as it is passing between the first rows of 
rollers. The even distribution of the oil and water, which is thus secured, and to which is added 
the further distributive effect of the lateral motion of the rollers, so uniformly moistens the mass of 
the fibre, that the necessity of allowing it to lie in heaps for several days is obviated. The softening 
process having been completed, the fibre is weighed into bundles, and conveyed to the card. 

Carding . — In the first or breaker card, the length of the fibre, naturally 6-7 feet, is broken down 
to 14-18 in., which length it retains until it reaches the spinning process. The essential parts of 
the breaker card are shown in section in Fig. 863, and consist of a revolving feed-lattice or apron a ; 
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a feed-roller 6, which possesses a concentric plate or shell c, placed on its lower side ; the main 
oarding-cylinder d, of about 4 ft. diameter and 6 ft. wide on the working surface, which is covered 
with strong steel cards or pins, arranged so as to incline slightly in the direction in which the 
cylinder revolves (Fig. 864); two pairs of workers and stripper-rollers ef, each pair having a tin 
roller g, for pressing the fibre into the card of the stripper to prevent its falling, and ensure its 
being carried around its periphery until delivered to the main cylinder again ; a doffer-eylinder A ; 
doffing-rollers A ; conductor I ; delivery-rollers m ; and sliver-can n. 

In the operation of this card, the stricks of jute are evenly laid by the attendant upon the 
endless feed-apron a, with their foot- or root-end foremost, all joints being carefully broken. The 
movement of the apron conveys it to the feeder b, whose surface speed being only about 10 ft. 
a minute, the fibre is drawn slowly forward, and pressed into the teeth of the roller by the con- 
centric plate c. As the feed-roller revolves, the fibre is presented to the action of the maincarding- 
cylinder d, the surface revolution of which, being at the rate of 2000 ft. a minute, strikes the fibre 
wifh great force in a downward direction, thereby combing and dividing it very efficiently before 
the feeder and the concentric plate relinquish their hold. It is also obvious that a large quantity 
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of the fibre will be broken or tom away by the great rapidity and severe action of the main 
cylinder. These portions, being carried on the card-points of the cylinder, are caught by the 
workers and strippers, and are opened and combed by their action. 

The fibre is carried by the main cylinder down to the first worker e, which is the foremost to act 
after the cylinder has taken the jute from the feed-rcller. The worker is about 9 in. in diameter, 
and has a surface speed of 50 ft. a minute. Its 
carding-pins or points are inclined at a more 
acute angle than those of the main cylinder, and 
in a direction opposite to that of its revolution, 
which is the same as the contiguous surface of the 
main cylinder (Fig. 864). As a consequence, the 
fibres, being partially thrown off the surface of the 
main cylinder by centrifugal force, are caught 
upon the pins of the more slowly-revolving worker, 
the points of which are inclined for their recep- 
tion, the worker e being adjusted so that its pin- 
points shall be in. from those of the cylinder. 

The action of the main cylinder is therefore to 
pull the fibres upon the pins of the worker, and 
to carry them well towards their base, by which 
means, tlie latter roller succeeds in retaining a 
great portion of that which has not been suffi- 
ciently opened in the first stage of its passage 
through the machine. The worker, having thus 
secured possession of, and assisted to comb out 
more perfectly, the unopened fibre, is cleared in 
turn by the stripper /, a roller about 13 in. in 
diameter, and having its card-points inclined in 
the direction of its revolution (Fig. 864), and a 
surface speed of 450 ft. a minute, by which means, 
it is enabled to strip the worker e, whose cards 
are inclined to deliver them to its action. The latter in turn is similarly inclined to, and is stripped 
by, the main cylinder, revolving at a much quicker rate. The second worker and stripper perform 
a similar function, but they are adjusted a little closer than the above to the main cylinder, so that 
they will operate on any portion of the fibre that may have escaped the action of the preceding parts. 

All the jute having been thus delivered again to the main cylinder, and, in its progress to this 
point, having been combed and carded until it is clean, and its fibres are laid parallel, it is carried 
along by the revolution of the cylinder, until the doffer A is reached. This is a roller of about 16 in. 
in diameter, covered with rather finer cards thau the preceding, and which are inclined away 
from the direction of its revolution. If is set still nearer than any of the preceding, its points 
almost touching those of the cylinder. This arrangement, combined with its relatively slow pace, 
enables it to strip all the carded fibres from the cylinder, whence it is carried to the small pair of 
doffing-rollers A, which receive it in a thin sheet or fleece, and pass it into the conductor I, 
which, from being the width of the rollers at the top, narrows until it is not more than 4 in. across. 
The fleece, in its transit along this way, is condensed into a sliver, and passes through the delivery- 
rollers m, falling into the sliver-can n, when the work of the breaker-card is completed. 

The surface speeds of the dofBng-rollers A and delivery-rollers m are usually about 14 times the 
rate of the feed-roller b, hence, when the lap of jute is fed to the machine at about 2 lb. to 1 yd., it 
will be delivered at the opposite side in the sliver, attenuated 14 times = 7 yd. to 1 lb. 

Jute being, like flax, capable of minute subdivision in its fibres, is usually submitted a second 
time to the process of carding. The machine used in this case is called the finisher-card, and, in its 
essentials, is exactly similar to the breaker-card. The differences consist in the cards upon all the 
rollers being finer than in the preceding case, and in each roller being set closer to its work. 
According to the comparatively rough or fine quality of work required, the pairs of working- 
and stripping-rollers are less or more in number, varying from three to five pairs, the latter being 
employed when the best work is wanted. 

Twelve cans containing the carded jute from the breaker-card are placed behind the finisher, 
and the sliver from each, laid upon the endless apron, forms a lap, which passes into the machine, 
and is further combed and subdivided tcvthe required state. The irregularities which will obviously 
occur in the sliver from the breaker-card, are, by this means, almost eliminated ; and, as the speeds 
of the feed-roller and doffing-rollers are, in this case, 16 to 1, further attenuation takes place, the 
sliver delivered being of about 9J yd. a lb., and, as compared with that from the breaker, mTich 
more level. 
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Drawing . — The sliver from the finisher-card is next required to undergo further attenuation, and 
tuhave its fibres placed in more perfectly parallel order. This is accomplished by the spiral gill 
drawing-frame, whose essential parts are shown in Figs. 865, 866, 867, 868. There are other kinds 
of these frames, but that illustrated is in most general use. Fig. 865 is a transverse section, showing 
the traveller-bars with the gills mounted upon them. Fig. 866 is a longitudinal section while the 
process is in operation. Fig. 867 gives 
an enlarged representation of the tra- 
veUing-hars and the gUls or hackles, 
which are seen in section in the pre- 
ceding Fig., 866. In Pig. 868, is illus- 
trated an enlarged section of the tra- 
velling-bar carriage. 

In operation, the cans a, containing 
the slivers from the finisher-card, are 
placed behind the machine. The slivers are then passed over the gnide-plate 6, and conducted to 
the retaining-rollers c, passing under the first, over the second, and under the third. These con- 
stitute the feed-rollers, their function being to supply the fibre to the gUls d, upon the travelling- 
bars e, best seen in Figs. 867, 868. These bars are arranged just in front of the delivery side of 
the rollers, and each bar carries four 
“ gills ” or “ hackles ” — brass stocks 
filled with a row of vertical steel pins. 

On each aide of the bars, are two shafts 
extending longitudinally across the ma- 
chine, and one placed above the other. 

These have a large thread turned upon 
them in the middle portion of their 
length (/, Fig. 868), and are called the 
top and bottom screws. The top screws 
are cut at a pitch varying from 1 J to 2 threads an inch. The ends of the travelling or gill-bars are 
beviUed, so as to fit into the angle formed by the thread of the screws, the body of the bars and 
the gills they are carrying being thus •maintained in a vertical position. In workino-, by the 
revolution of the shafts, the bars are made to travel forward from the retaining-rolIers'”carrvitiP' 
with-them the gills, whose pins, ’ ■' ° 

having penetrated the sliver, 
draw the jute along with them, 
their speed slightly exceeding 
that of the rollers delivering 
the sliver, which secures the 
latter being held tightly, so that 
it is prevented rising from the 
pins. The bars move upon steel 
slides, which keep them at an 
uniform elevation, and secure 
them in their proper position. 

The threaded part of the shafts 
is proportioned to the length of 

the fibre, being 10-11 in. for y, 

carded jute. 

On the arrival of each bar at 
the end of the top screw /, it 

drops from its position, the slides being purposely cut short to allow of this, upon the two bottom 
screws/, into the threads of which, its bevUled extremities enter, as in the top screws These 
screws are adjusted accurately, so as to receive the bars correctly. They are cut to the same hand 
as the top ones, but with a much quicker thread. They revolve in a direction opposite to those of 
the top, by which action, they carry back the bar to the position whence it started at the oppo- 
site end of the frame. The thread of the bottom shafts terminates in a projecting cam a hv 
which the bar is lifted again into the top shafts, the gill-pins in its elevation penetratin- the sliver 
in process of delivery by the retaining rollers : thus commencing its journey anew ° 

At the front of the machine, where the sliver is delivereri by the gills, are two rollers the lower 
one h being composed of steel, about 2J in. in diameter, and called the drawing-roller The super 
incumbent one j is of cast iron, covered with leather, about 8 in. in diameter, and is called fte' 
preSsmg-roller. These rollers are pressed together by weighted levers, and revolve at a speed 6 or 
7 times greater than that of the retaining-rollers c, or the movement of the travelling bars. The 
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effect of this is that the sliver is seized by these rollers as the travelling bars drop from the top to 
the bottom screws, and drawn away from the pins of the gills, and that it is greatly attenuated, 
.the gills which have not fallen retaining a sufficient hold of the sliver, and acting as a comb, holding 
the fibres back, and preventing them entering the rollers in a tangled state. After passing these, the 
sliver goes over a guide-plate between the delivery-rollers, and is again received into a can. 



The above parts constitute one division of a drawing-frame. The travelling bar is 3 ft. long^ 
and fixed upon it are 4 gills, which are 6 in. wide at the pins. Each set of bars and gUls, with their 
complement of retaining-, drawing-, and delivery-rollers, form a carriage ; and frames are usually 
composed of two, three, or four of these carriages. In a drawing-frame of two carriages, containing 
four gills per carriage, there are eight sets of gills. Two slivers from the finisher-card are put up 
to each gill, the number of slivers required to supply such a frame therefore being 16. The card- 
sliver being about 9J yd. to the lb., and the draught of the rollers as 6 to 1, with two slivers for each 
gill, tlie drawing-sliver as delivered from the rollers will be about 28J yd. to the lb. But as there 
are still inequalities in the sliver, it is usual to double them after leaving the gills, by passing two 
of them together over one guide-plate, and through the above-mentioned delivery-rollers into one 
sliver-can, as, in that form, they are more convenient for the second drawing, to which they are next 
conveyed. The sliver, having thus been doubled, is, at this stage, about 14 yd. to the lb. 

The second drawing-frame is of similar construction to the first, the only differences being that 
the gill-pins are finer and more closely set, and that the slivers are delivered singly from the 
drawing- to the delivery-rollers, and thence to the cans. Two slivers having again been put up to 
each gill, and the draught being 6 to 1, the strand is here attenuated to a length of 42 yd. to 
the lb. 

As in the case of almost every other textile fibre, the object of these preparatory processes is to 
clean, comb, and attenuate the fibres, so as to fit them for the last operation of spinning into a thread, 
of dimensions suitable for the purpose to which it is intended to be applied. The roving-frame is 
the next to receive the sliver, and its function is to further attenuate it, and deliver it in a form 
convenient for the next stage of treatment. 

Roving . — In its chief parts, the roving-frame resembles the drawing-frame, the sliver-cans 
delivering their contents over a guide-plate to a set of three retaining-rollers, thence to the gills on 
the travelling bars, which carry it to the drawing-roller, between which and the presser, it passes to 
a flier-spindle, carrying a large bobbin, upon which the rove is wound, instead of, as in the preceding 
operations, being deposited in a can. Owing to the attenuation which the sliver has undergone, all the 
preceding parts of the machine are reduced in dimensions. One sliver only being put up to each 
giU, in this instance, the latter are made much smaller, the gill-pins being finer and more closely set 
than in the preceding machines, which enables eight giUs to be mounted on one travelling bar, in 
place of four, as previously. The draught in this case is usually as 7 to 1, so that the roving is 
greatly reduced in dimensions, measuring about 294 yd. to the lb. This necessitates the introduc- 
tion of the flier-spindle, and the use of flie bobbin as a receptacle for the roving. 

The spindle and flier of the jute roving-frame are, with the exception of their dimensions, 
exactly the same as those employed in the cotton trade. Heie, however, the parts are larger^and 
stronger, as befits the heavier fibre to be treated. The number of spindles in a frame may be either 
few or many, ranging between 24 and 64 to each frame. A common size contains 56 spindles ; and 
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as there is required a gill to each spindle, and eight gills form the complement of each carriage, 
there are consequently 7 carriages in a frame of 56 spindles. 

The spindles a, ■with their fliers 6 on the summit, are arranged in two rows in a vertical position 
in front of the frame, as shown in section in Fisr. 869. The spindles are actuated by gearing at the 
foot, and make about 600 rev. a minute. The arms of tlie flier are tubular, the rove, after leaving 
the drawing-rollers, being conducted downwards through them to the extremity of the arm, 
whence, passing through an eye or curl, it is wound upon the bobbin. 

The bobbin is driven by gearing similar to that which turns the spindles, but of which it is quite 
independent. The course of its revolution is in the same direction as the flier, and either flier or 
bobbin may be arranged to lead. As a rule, it is the former that takes precedence, with the bobbin 
following. The twist imparted to the rove should not be more than is necessary to secure its coher- 
ence when being drawn from the bobbin in the subsequent process. Assuming a case in which the 
frame is arranged for the flier to 
lead, and supposing that one turn 
a minute is sufiSoient for the roving 
being produced, with the spindles 
making 600 rev. a minute, the fol- 
lowing conditions require to be 
observed. The drawing-roller must 
be arranged to deliver 1 in. for each 
rev. of the flier, and tlie speed of 
the bobbin must be retarded, as 
compared with the spindle, to a 
degree sufficient to enable it to 
wind up the quantity of roving 
delivered by the drawing-rollers. 

In tills case, the roller delivers 600 
in. a minute, the spindle and flier 
make 600 lev. a minute, and the 
shank of the bobbin c, which is 
shown by the dotted vertical lines, 
is 5 in. in circumference. Dividing 
the number of in. (600) delivered 
by the roller by the winding sur- 
face (5 in.) = 120, then 600 — 120 
= 480, is the speed at which the 
bobbin is required to run to wind 
up the 600 in. But this is not a 
■ constant rate : every layer of roving 
wound upon the bobbin enlarges the 
circumference of the winding surface. If the bobbin were to remain constant, the roving would 
be rapidly attenuated, or so over-run as to be broken in every case long before the bobbin could 
be filled. These results are obviated by means of differential driving-gear, the essential parts 
of which are seen in Figs. 869, 870. The roving is first wound upon the bare shank of the 
bobbin in an even layer, and each succeeding one upon that which has gone before, until the 
bobbin is filled. This is accomplished by mount- 
ing the bobbins on a lifting-rail d, whose traverse 
extends downwards to d', by which means, the 
bobbins o are moved upwards and downwards 
through the same space, and the rove is placed 
in even layers by the flier. The deposit of each 
layer of rove upon the bobbin increases the cir- 
cumference of the winding surface of the bobbin, 
but the drag which this would cause is prevented, 
by the speed of the bobbin being accelerated in 
exact proportion to its increased winding surface, 
so that it still continues to take up only the 1 in. 
delivered for each rev. of the flier. This accele- 
ration of the speed is caused by a projection 
attached to the lifting-rail, which is so arranged 

as to release a catch each time the rail arrives at the top and bottom of its traverse. The regnlating 
motfbn is obtained from a 1 owl or pulley B, Figs. 869, 870, having a leather face, which is made to 
revolve by frictional contact between two flat, circular, iron discs e, rotating in opposite directions 
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In commencing to fill a set of bobbins, the friction-bowl B occupies the position shown by the 
dotted lines at A (Fig. 870), which is its starting-point. Each time that a catch is released, 
either at top or bottom of the traverse, the howl, with the shaft on which it is fixed, is allowed ' 
to slide outwards a little from the centre of the two discs e, whereby its speed is increased, and 
that of the bobbin correspondingly accelerated, for each additional layer of rove that the bobbin 
receives ; and when the bowl has arrived at the position B (Fig. 870), the bobbin has attained its 
maximum speed, is filled, and is then ready for doffing. When the frame is arranged so that the 
bobbin leads, these movements are reversed. 

Ordinarily, the product of this frame is rove only ; but it is customary, when the yams required 
do not exceed 400 yd. to the lb., to finish the operation in this frame, by giving the material the 
amount of twist that is necessary to impart the requisite strength, and constitute it yam. By this 
means, one process is dispensed with. 

Spinning . — The bobbins containing the rove are next carried to the spinning-frame, in which the 
latter is attenuated for the last time to any required degree, and receives the complement of twist 
which renders it yarn. Fig. 871 shows a section of this machine, which, 
in its essential parts, is the “ throstle-frame ” of the cotton trade. The 
details of size, &e., depend upon requirements ; but, for the average of 
jute yams, a frame providing 128 spindles, 64 on each side, may be 
considered of full dimensions. These are arranged in a single row, 
the pitch or distance between them being 3| in. A rack or creel, 
possessing as many pins as there are spindles in the frame, is supplied 
with the bobbins a, containing rove from the last frame. The strand 
of rove is conducted through an eyelet-guide b, to the retaining-rollers 
c, between which it passes to the binding-plate d, and over the con- 
ductor e, to the drawing- and pressing-rollers ff, through the thread- 
plate g, and around the leg of the flier, whence it passes npon the 
bobbin i. The retaining-rollers o are fluted, and thereby retain a more 
firm grip of the rove. As the latter is attenuated by the drawing- 
rollers, it is slightly condensed by its passage over the binder-plate and 
conductor. The drawing-roller / is made of iron, and the pressing- 
roller of wood, the latter being held in position by steel springs. The 
attenuation of the rove is accomplished by this pair’of rollers being 
made to run at a considerably greater surface velocity than the retain- 
ing-rollers : the higher the velocity, the greater is the attenuation, and 
the finer the yam. The differences in the relative speeds are obtained 
by change-wheels, to suit the size of the yarn required. The rove con- 
taining only one turn of twist per inch, when subjected to a draught 
of seven, almost loses its power of coherence, and would probably 
bre^, were it not for the service rendered by the binder-plate, in con- 
solidating the somewhat loose form of the fibres, and 
the assistance of a similar kiud derived from the con- 
ductor, whilst the rove is on its passage to and 
through the drawing-rollers. Immediately on emerg- 
ing from the nip of these, it is twisted strongly by ^ 
the rapidly-revolving spindle, which fixes it in the 
form it has to retain as a thread, and so completes 
the first stage of the manufacture. Maintaining the 

assumption that the rove was 294 yd. to the lb., a draught of 7 would yield a yam of 2058 yd. to 
the lb., less the small proportion that would be taken up by the twist which is imparted to the strand. 

For the foregoing illustrations, and much valuable information, indebtedness is acknowledged 
to W. Fleming, of the Barrow Flax and Jute Works, and to the Institute of Mechanical Engineers. 

Jute yarns receive their denomination from the weight of the “spyndle,” which contains 
14,400 yd. ; such a yam as has been assumed to be passing through the series of machines described 
above would give 7 lb. to the spyndle, and hence would be known as “ 7-lb. yarn.” The range of 
weights of yam extends from If to 30 lb. a spyndle. 

Jute yarns, as such, are used for many purposes : twines, cords, ropes, covering telegraph-cables, 
wire-ropes, &e. 

Manufacturing . — Having traced the raw material through the processes necessary to form it into 
yam, it only remains to describe the weaving department, or the operations necessary to convert 
it into a textile fabric. As compared with the preceding, these are comparatively unimportant, 
and vary but little from the processes followed in other branches of weaving. 

Jute diffeis from mo^t other textile fibres in being capable of use in the “ green ” or imsized 
condition for most of its purposes, though the finer Nos. of its warp yarns are usually sized. 
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The calcnlations for the manufacture of jute in the weaving department 
following table: — ■ 


90 in. 

= 1 thread 

= 2i yd. 

120 threads 

= 1 cot 

= 300 „ 

2 cuts 

= 1 heer 

= 600 „ 

6 heers 

= 1 hasp 

= 3,600 „ 

4 hasps 

= 1 spyndle 

= 14,400 „ 


are based on the 


This means that jute yam is reeled on a reel of 90 in. circumference, and 1 rev. forms a thread ; 
120 threads are tied together, and make a cut; and so on throughout the table. As observed 
above, the fineness of the yam is determined by the weight of the spyndle, and is spoken of as 
6-, 7-, and 8-lb. yam, or otherwise, as the case may be. 

Jute fabrics are described by the number of “ porters ” and width in inches, the length being 
according to requirement. As an illustration, take say a “ 16-porter 40-in. Hessian, of 18 “ shots ” 
or picks per inch and 100 yd. in length. Tlie porter is the standard in jute manufacture by which 
the fineness of the “ camh ” (or set of heddles) and the reed are determined, and consequently the 
number of threads in the warp to make any given description of cloth. The porter is composed of 
40 heddles, each heddle containing one thread, and 20 splits or dents of the reed, two threads going 
between each two dents. When one thread alone is used, the reed is as fine again. The number 
of porters in 37 in. of the reed indicates the fineness of the cloth. In the case supposed, it occurs 
16 times, and so gives its denomination to the web. The texture of a jute fabric is, however, 
considerably modified in the finishing process to which it is subjected. This consists of heavy 
calendering, by which the length of the piece is increased at the expense of its width, and by 
means of which it may happen that the latter is so much contracted that, though woven as a 
“ 16-porter,” it could only be accurately described by calling it an 18-porter fabric. 

Wlien the particulars of a cloth which it is intended to make are found, the necessary instruc- 
tions are given to the warper. On 37 in., 2 in. are allowed for shrinkage in width, and 10 percent, 
for what is taken up in the length owing to the warp threads being deflected from a straight line 
by the insertion of the weft threads. This amount is not invariable, being larger when the weft is 
coarse or heavy, and less when very fine. 

Warping. — In establishments in which both spinning and weaving are carried on, the bobbins 
from the spinning-frame are often taken directly to the warper, and the cost of winding is thereby 
avoided. The bobbins are placed in a “ bank ” or creel, and sometimes, when the fabric is very 
narrow, and the creel will contain a sufficient number of threads, these are run direct upon the 
weavers’ beam, if it is intended to be used in the green state. When the warp requires a large 
number of threads, it is divided into four parts, one quarter being warped at a time, the four parts 
next being run upon the weavers’ beam. This process is generally regarded as the most expedi- 
tions and economical in making wide warps, as the small number of threads enables the warper to 
give them perfect attention, and, at the same time, permits the speed to be considerably increased. 
The warping-mill employed in the jute trade is the common vertical reel mill, composed of an 
upright beam revolving upon two iron pivots, one at each end. Into this beam are inserted three 
rows of arms : one each at the top, centre, and bottom. V ertical bars of wood are fixed upon the 
extremities of these arms, and the whole composes the reel. At the bottom of the central beam, is 
a pulley, around which passes the driving-band from a larger pulley outside the reel, whereby it is 
driven. Owing to the comparatively short length of jute warps, aud the frequent stoppages that 
occur in making them, it is customary to use manual power instead of steam, though the latter 
may be at hand. The warping-mill is therefore worked by means of the hand and foot of the 
attendant. The yam from the banks or creel, being passed through two reeds, is attached to and 
wound spirally upon the reel, the length of the warp depending upon the number of turns of the 
reel before its action is reversed. The breadth is decided by the number of threads in the bank, 
and the number of “ bouts,” as a complete traverse of the winding process over the reel is termed. 
When the warp is completed, before it is “ doffed,” or removed from the mill, a “ lease ” is taken, 
which means that the threads have to be alternately elevated and depressed, to admit of the 
insertion of a transverse thread, to facilitate a subsequent process. In order to permit this to be 
done with facility, the two small reeds employed to conduct the threads from the bank of bobbins 
to the reel are utilized. The reed nearest the bank is constmcted in the usual open way, bat the 
second has every alternate split stopped with solder at about 1 in. from its rim, by which means the 
threads are instantly separated as desired. The doffing constitutes a chain, warp, or section of 
a warp, as the case may be. 

Beaming.— The next process is “ beaming,” or winding the warp upon the loom-beam. The 
sections of the warp are placed side by side, and the threads from each are passed in a larger or 
sgialler number through the dents or splits of a coarse reed, termed an “ evener ” or “ wraithe,” by 
means of which, when the machine is started, the yarn is wound evenly upon the beam, as guided. 
This evener contains 72 pins in 37 in., and sometimes has a loose top which is removed in order 
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to insert the threads between the pins, and replaced tojretain them in position for the winding 
process. The number of threads pnt into the spaces between the pins are termed “ pinfnls.” 

Drawing-in. — After beaming, the next process is to draw the warp threads into the camb and 
the reed. The eyelets of the heddles are composed of wire rings. The “ drawing-in ” of the warp 
is a very simple process, accomplished by means of a hook being pnt through the reed and heddle- 
rings, which, having the warp threads put over it by a child assistant of the drawer-in, is with- 
drawn, bringing each thread with it. When all have been thus drawn in, the warp is ready for the 
loom. This process only takes place when a camb is new and has to be used for the first time. 
After the first warp has been woven to near the end, it is cut so as to leave a suflicient length 
behind the heddles, to which the succeeding warp can be tied. 

Sizing. — In the case of fine yams, the processes differ somewhat from these. The bobbins from 
the spinning-frame are taken to the winder, who winds the yam upon large bobbins which go to the 
sizing-frame. This frame is a very simple machine, being almost like the beaming-frame just 
described, but instead of taking the yarn in the form of a chain, it is fitted with a creel, large 
enough to contain a sufficient number of bobbins for a complete warp. The threads are passed 
through a reed, as before, after which they are conducted through a trough of thin size made from 
farina, on emerging firom which, the “ sheet ” of threads is exposed to the action of several drying- 
fans, and then passes upon the beam. There is no sizing for weight in the jute-trade. 

Weaving. — Jute looms possess no feature to distinguish them from looms employed to weave 
other fibrous materials, beyond being of increased strength. They are adapted to weave plain 
fabrics, twills, and sometimes figured goods, as in the case of jute carpets. They are usually on the 
overpick principle, and of various widths. When contrasted with looms used in other branches of 
the textile industries, they appear crude and roughly finished, and, generally speaking, it might be 
advantageous to bestow upon their construction a little more care than is apparently given at 
present. Owing to the character of the fibre, and the heavy yarns usually spun from it, the looms 
for weaving jute have necessarily large projections at the end of the lathe for shuttle-boxes to 
receive the great heavy shuttles employed. 

Formerly pirns were used, on which the weft yams were wound. These were of wood, but 
were of necessity so large that very little yam could be put upon them, and the frequent stoppages 
caused by its exhaustion greatly restricted the production from a loom. A few years ago, 
however, a machine for forming cops for weft purposes was invented, and has now to a great extent 
superseded the use of pirns. The yarns intended for weft are brought upon the bobbins from the 
spinning-frame to the oopping-machine. Being placed in the frame, the thread is drawn from the 
bobbin, and passed through a conical cap fixed upon the extremity of an oscillating lever. The 
thread is attached to the winding-spindle, and the oscillating cap, which is a hollow cone, traverses 
the thread in the winding so as to form a cop, which, when doffed, is ready for the loom. The 
peculiarity of this cop is in its construction, which enables it to be used from the base, the yam 
being drawn from its interior. This necessitates a peculiar form of shuttle also, which has no peg, 
as ordinarily, but is prepared to receive the cop without, and has the open top closed with a 
metallic plate, fastened down with a spring. By the adoption of this plan, the production has 
been increased, the quality improved, and the cost lessened. 

In jute-weaving, similar qualities are required as in other sections of the trade, to constitute the 
best results. An even distribution of both longitudinal and transverse threads must be secured ; 
irregularities in the picking must be avoided, and the fabric must not be “ reed-raked.” “ Putting 
a skin on the cloth,” as it is technically called, is an important matter in making a marketable 
article. This is what is known in the cotton trade as “ cover,'’ or throwing upon the surface all the 
loose fibres of the yarn composing both warp and weft, whereby the fabric appears full and closely 
woven, or more so than it would otherwise do were this matter neglected. These are points of 
detail occurring in practice which do not require further reference here. 

When.the cloth leaves the weaver, in a well-conducted establishment, it is usually examined, 
and all blemishes are repaired, absent threads through breakages being inserted by the needle. 
The women to whom this task is confided execute it with great dexterity and swiftness. After 
examination, the cloth is ready for finishing. 

Finishing. — The finishing of jute fabrics consists of little more than calendering. The material 
has, long before arriving at this point, lost most of the moisture it received in the batching process, 
and has become dry and rough. In order to render it pliable, and more amenable to the influence 
of the calendering process, each web is passed through a damping machine ; in the body of this is 
fixed a brush, which, dippping into a trough of water, and rapidly revolving throws a shower of 
fine spray against the cloth. As the cloth is thus rolled damp, every portion is soon penetrated by 
the moisture, and it is then ready for the calender. 

Calendering-machines are of different forma and sizes to suit requirement. The largest and 
most powerful are capable of putting a pressure of 100 tons upon the article subjected to thei% 
operation. The price of machines of this capacity is 4000/.-500W. An ordinary calender consists 

4 G 
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of four rollers, two being hollow metallig cylinders, highly polished, and heated by steam. These 
are placed alternately with the other two, which are composed of compressed paper-material, and 
are extremely solid and heavy. The web being passed through this machine, and thus subjected 
to great pressure and heat, receives a glazed finish, which considerably alters its appearance. The 
length is increased at the expense of the width, sometimes to the extent of a porter or two, as 
indicated above, which consequently alters its denomination as a matter of fact, though the change 
may not always be made. 

There are different kinds of finishes, but, as they chiefly depend upon the amount of pressure given 
in the calender, they do not require further description. In one or two cases, for special purposes, 
the fabrics are passed through a shearing-machine, and subjected to the action of a revolving knife- 
roller, which clears off aU the loose fibre of the yams. 

After passing the finishing processes, the pieces are rolled, folded, or plaited, according to 
requirement, and made up in the most convenient forms for the different markets. 

Sometimes the manufacturing processes are carried beyond this point, and coffee-, sugar-, grain-, 
and other descriptions of, bags and sacks are made upon the establishment where the raw material 
has been spun and woven. In this case, the fabrics are cut up into appropriate lengths by 
machinery, stitched by powerful sewing-machines driven by steam-power, piled in bundles, subjected 
to hydraulic pressure, and packed for sale. 

Jute is one of those textile fibres which is capable of very minute subdivision. But for a long 
time, it proved comparatively intractable in the hands even of the most skilful operators. This 
confined its use to the moat humble domain of the textile industries ; the manufacture of sacking, 
canvas, carpet-backing, and coarse carpeting. A few years ago, however, it began to yield to the 
efforts made to accomplish the more perfect disintegration of its fibre, which has led to its use in 
more pretentious fabrics, such as crumb-cloths, table-cloths, towellings, &c. Further success has also 
been more recently attained, not only in the more minute subdivision of its fibre, but also in 
bleaching and dyeing it. All attempts to accomplish the former object rendered it weak and 
brittle, and almost unfit for textile uses ; whilst efforts to dye it succeeded merely to the extent of 
depositing a thin film of colouring matter upon its surface, which slight friction would rub off. In 
all these points, considerable advances have been made. The fibre can now be divided so finely 
that it is capable of being mixed with silk, for association witli which its natural lustre eminently 
fits it. The improvements effected in the methods of dyeing have led to the production on it of the 
most bright, fine, and permanent colours, of lustrous beauty. These results, though practically 
successful, have hardly yet been commercially so ; but it may be hoped that no long period will 
intervene before even this is achieved. 

The progress made in manufacturing jute in this country since its introduction is very 
remarkable, as will be seen from the following figures extracted &om the latest ofBcial Betums 
(1879) 

Jute FAcroBtEB in the United Kingdom. 



No. Of ' 
Factories. 

Total 1 
No. of 1 
Spinning- , 
Spindles. | 

Total 
! No. of 
Doubling- 
Spindles. 

Total 

No of 
Power- 
Looins. 

No of Children ] 
working Half-time. ' 

Total No. of Persons employed. 



Females. 1 

Males. 

1 Females. 

Total. 

England and\ 
Wales ../i 

12 

23,762 

1,407 

1,057 

325 

298 

1,382 

3,579 

4,961 

Scotland . . | 
Ireland 

99 

6 

183,056 

5,858 

5,855 
■ 230 

10,009 

222 

1,203 

14 

1,674 

8 

8,920 

272 

21,481 

720 

30,401 

992 

Total 

I 117 

212,676 

7,492 

11,288 

1,542 

1,980 

10,574 

25,780 

36,354 


The numbers of persons employed, the capital invested, and the value of the manufactured 
product, fully demonstrate that, though one of the youngest of the textile industries, it bids fair to 
attain considerable importance. g 


KUXTTTID FABRICS — HOSIRRY (Fb. Bonnet erie ; Geb. Strumpfwaaren, Wirkwaaren.) 

The adoption of coverings for the nether limbs was undoubtedly one of the latest developments 
of the clothier’s art. By what people the custom was first introduced, is not known ; and it is 
equally uncertain what material was first employed for tlie purpose. As various eauses compelled 
some tribes of the human race to wander into temperate and cold regions, they must have found 
that the partial covering, which had previously sufficed for their requirements, no longer served to 
shield them. Hence those parts of the body which ha^ hitherto been left uncovered, such as the 
arms and legs, would receive equal attention with the other portions. It is a probable conjecture 
(therefore, that “ hose ” originated with some of the nations residing in the northerly temperate 
latitudes. 
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The material first used would most likely be the skins of the smaller quadrupeds, including 
those of kids and lambs, to be succeeded in time by cloth of different materials, when the art of 
weaving had made some progress. Hose made from woven fabrics remained in general use until 
comparatively recent times. Woollen cloths beiug common, and possessing other merits to 
recommend them, were most naturally adopted for this purpose. Plenty of evidence exists to show 
that hose of this description was in general use down to the close of the 16th century, when it 
began to he superseded by the knitted article, which, from its superior adaptability, after its 
introduction, soon won universal favour. 

When or by whom knitting was invented, is not known, but in manuscripts of the early part of 
the 16th century, are occasional references to kidtted hose, whose prices indicate that the art 
was then a rare accomplishment. 

Of the origin of machine knitting, we have more definite particulars. The hosiery industry, 
as we know it now, is indebted for its existence, and probably for its remarkable development, to 
the inventive genius of a clergyman, William Lee, of Calverton, near Nottingham. His struggles 
in perfecting his invention appear to have almost exhausted his means before the idea received 
practical embodiment. Even after this was accomplished, success was far from complete. His 
unsuccessful endeavour to obtain the patronage of Queen Elizabeth is well known. . Encouraged 
by promises from the King of France, he subsequently emigrated to that country, and settled at 
Eouen, where he endeavoured to plant the new industry. Here misfortune still followed him : his 
patron, Henry IV., being murdered, all his hopes of protection and favour were destroyed, and, 
under increasing difficulties, he died in Paris in 1610, in a state of indigence. Subsequently, his 
brother James brought the machines back to England, and settled in London, where the new art 
soon made considerable progress. The industry grew to such an extent that, about 1650, its mem- 
bers had become so numerous, wealthy, and influeotid, as to make efforts to establish a chartered 
company. Another motive inducing them to take this step, was the difficulty the unehartered 
company experienced in enforcing regulations, devised to prevent unfair competition amongst its 
members. These objects were realized in 1657, by the grant of a charter from Cromwell. A second 
charter, confirming the first, was afterwards obtained from Charles II. 

It is not necessary here to trace tlie steps by which Lee perfected his machine, nor to detail its 
subsequent development in the hands of later inventors, in more than brief outline. Few were of 
much importance, until Jedediah Strutt added the ribbing-apparatus, in 1758. This invention 
enabled a ribbed web to be produced on Lee’s machine, which had hitherto been able to make only 
a plain one, except by hand, by selecting the threads and arranging them in order to form the 
pattern. Derby ribbed hosiery soon raised itself into high and extensive favour, and the principle 
is as popular to day as ever. Strutt’s invention was followed by the improvements of Morris. 
Crome, and Else, which, with others, laid the foundation of the modem machine-wrought lace. The 
success attending the labours of Strutt, and the wealth secured by several individuals who adopted 
his improvements, greatly stimulated invention, and the patents taken out during the remainder 
of the century were numerous and important, much advancing the perfection of the machinery. 
An enumeration of these would be uninstructive, unless accompanied by full explanatory details, and, 
for this reason, they are mostly passed over. The most remarkable feature developed was the great 
capacity for the manufacture of fancy hosiery, which, as a consequence, became exceedingly popular. 
The demand for this class of goods endured until the close of the century, when the fashion began 
to decline in public estimation, until a point of deep depression was reached. Great sufferings 
were consequently entailed upon the workers for many years afterwards, a revival seldom being 
more than partial or temporary. 

This depressed period did not terminate until subsequently to the year 1845, when considerable 
changes were introduced into the machinery employed in the trade, circular frames taking the 
place of those previously existing. A more important movement was the adoption of the factory 
system of employment, by which a better organization of labour was effected, and habits of steady 
industry were fostered, the development of which have carried the hosiery trade to its present high 
prosperity, as one of the best paid industries in the United Kingdom. 

Depression and low wages constituted a great obstacle to the introduction of improved 
machinery, by which further reductions could be made in the price of the finished article, and the 
consumption be correspondingly increased. At the above-mentioned date, however, a considerable 
number of new frames, working by steam power, and yielding a much larger production, had been 
gut to work with beneficial results. The great change in the commercial legislation of the country, 
which was inaugurated by the repeal of the Com Laws, and the subsequent abolition of nearly all 
import duties, was near at hand, and this transformation took place just in time to meet the greatly 
improved demand, which the stimulus derived from a liberated commerce gave to the trade. 

Some difficult problems in connection with the improved machinery remained to be solved, such 
ns the shaping or fashioning of the fabric by automatic means, and without the cessation of its* 
action. Barton, an inventor, partially accomplished this, by a plan in which the stitches were 
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diifted automatically, in addition to the movements previously necessary, in a frame known at the 
time as a “ wide rotary frame.” In 1816, Sir Marc Isambert Brunei invented a circular knitting- 
frame of considerable merit, which has since been rendered most effective and useful. This 
machine, Brunei called the “ tricoteur,” or “ frame-work knitter it produced a tubular web, 
which was cut up and finished by subsequent operations. The general aversion at that time to 
nnshaped hose, however, caused it to be neglected, and it passed out of notice until about 1844, 
when Pagets, of Loughborough, reintroduced it, with modifications which greatly increased its 
value. It was further improved by Peter Claussen, of Brussels, who took out a patent in this 
country in 1845, and exhibited his machine in Nottingham. The manufacturers of that town, 
though strongly averse to the introduction into the trade of the “ leg-bag ” machine, saw tliat 
further opposition would be unavailing, and that if not adopted there, it would become a formiil- 
able competitor elsewhere, yielded in detail to the force of circumstances. Claussen, in 1847, added 
further improvements, rotating hooka and a winding-up apparatus, which practically perfected the 
machine, as without these, the rapidity of its production of tube-web rendered the latter an encum- 
brance. After this addition, the adoption of this class of machinery extended rapidly. The 
“ wheel frame ” was soon afterwards introduced, and so-called because “ the operations of supplying 
the yam, dividing the loops, pressing them, and carrying them over the heads of the needles, are 
accomplished entirely by means of wheels.” This mode of constructing and manipulating round 
machines continues to be most prevalent for making plain circular stocking-web. The cylinders 
have been increased greatly in diameter, so as to adapt the production to other purposes. Notwith- 
standing these changes, there stUl remained to overcome the initial defect of this class of frames. 
The product was a tube of equal diameter throughout : a “ leg-bag,” as it was contemptuously 
called by those who produced shaped hosiery. But about this date, an invention was perfected by 
a framework knitter, named Thompson, by means of which, the circular frame was enabled to 
produce ribbed hose, which, from its peculiar texture, conforming readily to the outline of the leg, 
dispenses with all necessity for “ shaping” or “ fashioning.” This improvement opened a wide 
field of usefulness to the circular machine, and gave a great stimulus to the trade. 

In 1847, M. Townshend, a framework knitter, patented the first of a series of great improve- 
ments, to which the trade has been much indebted. The first was for the adaptation of a machine 
like a point-net frame, to an ordinary stocking-frame. This invention was intended to take the 
work by the machine off from, and return it to, the frame instruments, in such manner that the 
direction of the loops might be reversed on the surface of the fabric from time to time, as it was 
effected by hand knitting, and by frames which were reversible by hand. In 1854, Townshend 
invented a plan for making round hose on the circular frame, the heels and toes being fashioned on 
other machines. Two years later, he came forward with another improvement, a method of raising 
looped pile on knotted fabrics for “ terry.” This he accomplished by employing a row of needles or 
points, or their equivalents, acting in combination with a jacquard apparatus. Using a bell crank 
and lever guides, similary actuated, for throwing different colours into the work, and using “ hinge 
covering needles” in knitting double pile fabrics, and a notched sinker. In the same year, he took 
out another patent, in which these hinge covering needles are again employed, and probably in a 
more perfect form. The patent was for the application of jointed guides to the machinery of double 
barred knitted goods, so making figured patterns on both sides, which he accomplished by throwing 
threads on one row of needles or hooks, to form the pattern, and carrying surplus threads round the 
other row of needles, to form the pattern on the reverse, the result teing that both sides appeared 
alike. Sliding needles or hooks were used, moved by the jacquard in the required direction. In 
this invention, rows or circles of double-ended needles, having hooks or beards at both ends, were 
introduced, and formed loops by a peculiar method. He also elaimed the making of circular 
knitted warp fabrics, by using a row of ‘‘ tumbler ” needles, having hinged beards circiarly placed, 
with lever guides to carry the threads forming the fabric. 

This “ tumbler ’’ or “ latch ” needle has since become an important feature in many machines 
constructed for the manufacture of fancy hosiery. It is now in extensive use, in this country, 
as well as on the Continent, and in America, to which last country Townshend subsequently 
emigrated. 

Thompson, whose name has been mentioned, in 1853, took out a further patent for improve- 
ments in looped fabrics, made upon the circular ribbing-machine, in conjunction with Hine, 
MnndeUa, and Co. By this improvement, the thread from the cop was carried under the frame 
needle beards by a looping-wheel. As these needles were carried around, they were depressed by 
the lower part of the collar, thereby bringing their beards to the frame-presser ; after pressing, the 
work was pushed over by the top of the collar. The^work was next drawn back ready for the 
maehine-presser to operate upon it, at which position, a plate drew the machine needles back, and 
the work was pushed over, the frame needles rising and the machine needles being thrown out, 
'ifhich completed the course. 

In 1854, Luke Barton improved the stocking-frame by the application of a narrowing apparatus. 
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and patented the improvement in conjunction with Hine, Mundella, and Co. Both frame and 
attachment were actuated by rotary motion. Up to that time, only one or two hose of fashioned 
quality had been made in their widest parts on one machine ; bnt by this invention, from two to 
ten hose were enabled to be made at once, with less labour to the workman, at less coat, and with a 
greatly increased production. The invention was also applied to the manufacture of other articles, 
as shirts, drawers, half-hose, &c. 

Several minor inventions, but of a useful character, were brought out under the auspices of the 
same firm, and also by other individuals. Amongst these, may be mentioned one by Mowbray, 
of Leicester, which was an arrangement by which a stocking-frame was rendered capable of widen- 
ing or narrowing at wUl, by the application of a jacquard apparatus. This plan has been used 
extensively by the Leicester manufacturers, it being better adapted for the wooUen hosiery trade 
than for cotton and merino, of which the Kottingham trade chiefly consists. 

The next inventor who has left an important impression upon the trade is William Cotton, of 
Loughborough, whose flrst patent was taken out in 1851, for the widening of the fabric by the action 
of the machine working upon rotary power. In 1860, he added an arrangement by which it 
was rendered capable of narrowing as well as widening. In 1863, he effected further improvements 
on the above, rearranging the parts so as to place them on a horizontal plan, instead of a perpendi- 
cular one, as previously. The widening and narrowing processes are accomplished by the action of 
ticklers, having one or more points in each, and which are placed on a movable rod so ingeniously 
and accurately adjusted as to obey a side movement either way, to the extent of the distance of one 
needle only, whatever may be the gauge, and to take off, remove, and put on to the next needles, any 
number of stitches required. The narrowed selvage was perfect ; the widened one, though not so 
good, was sufiScient for the purpose. 

A notable improvement in hosiery machinery was contributed by W. C. Gist, an American, who 
took ont an English patent in 1858 for a circular machine, to be supplied by any number of feeders 
up to eight, where only one had been worked before. This greatly increased the productive power, 
and enabled striped work, containing up to 16 colours, to be made at once. With a head of 12 in. 
circumference, 350 courses, or 1 yd., can be knit in a minnte, which is equal to a length of web 
sufficient to form 150 doz. of women’s hose in a week. Hine, Mundella, and Co. secured the patent- 
right of the machine in this country, and while in their hands, it was simplified and improved by 
Thompson, the inventor of the circular rib-frame. Thompson replaced the ordinary needle by 
Townshend’s tumbler-needle, and the improvement was so manifest as to secure its immediate and 
extensive adoption in the Leicester trade. 

The name of Moses Mellor is a distinguished one in the annals of invention connected with 
hosiery machinery. In 1844, Mellor improved Brunei’s round stocking-frame, by placing the 
needles perpendicularly, instead of in a radial horizontal circle, and operated on them outside by an 
indented loop-wheel roller. Still further to secure an equal division of the loops, in 1849, he added 
a second wheel of the same kind to follow the first. In the same year, he devoted his attention to 
the wide power stocking-frame, into which he introduced a thread layer, by which the yam was 
placed between the needles where the selvage had to be formed, without disturbing them, thus 
dispensing with the plan of raising them out of the way. In 1863, Mellor invented a series of 
modifications of the round stocking-frame, by which he was enabled to produce plain, striped, and 
fashioned fabrics. In the same year, he secured a patent for an invention to be applied to a recipro- 
cating straight-bar frame, makiug one or more breadths at once, or to a reciprocating circular frame 
making one or more breadths at once, by the application of which, was produced a fabric either 
plain, or ribbed in one part and with loose loops on the other part, the patterns varying according 
to the setting of the machine. In 1863, he also constructed a wide or longitudinal fashioning rib- 
frame. This invention, which increased the production more than tenfold over the original Derby 
rib-frame, he threw open to the trade. 

In conjunction with Edward Attenborough, W. Cotton patented further improvements in 1869 ; 
these consisted of a better general arrangement of the parts of the frame ; the construction of the 
thread-carriers of steel, so that the points or feed-ends might bear upon and more readily follow the 
course of the traverse provided for them ; and a tension arrangement for tightening the threads 
when passing to the carriers, in making the plain or unfashioned portion of the fabric, when the 
thread-carriers were at the end of their traverse, and the loops were being divided. For this pur- 
pose, each thread was made to pass between a spring, and an arm with capability of varying 

increasing or diminishing— the pressure by stationary wedge-pieces or similar means in the forward 
movement of the arms and springs. Extra motion was given to the shifting instruments, when 
they were moving for widening, proportionate to the extra strain upon them at such a time, so as 
to secure their standing correctly in positron for the laying of the loops on the needles to which the 
loops were being shifted, and similarly in relieving such extra movement for narrowing. Means 
were likewise provided for filling up the holes otherwise left by the action of separating t^e 
loops for widening. The inventors improved the presser-bar by introducing a rib of steel into a 
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groove in the edge of the presser, which obviated a great portion of the wear so common when the 
bar is composed of soft metal. Increased capability of adjustment of the movement of the needles 
in relation to the sinkers, so as to be able readily to vary the stiffness of the fabric during working, 
was also obtained ; and a further arrangement was introduced, whereby the movement of the thread- 
carriers was controlled at the termination of their traverse, by means of which, it was ensured that 
the thread at such times should be taken between the desired sinkers, thereby avoiding the 
production of bad selvages. 

In 1879, Thomas Wigfleld patented a method, by means of which, he claimed to produce fashioned 
and cleared fabrics of varying width, less than the breadth of needles, and by employing two thread- 
carriers and carrier-slides, by the same means to produce selvaged heels ; and instead of taking 
away portions of the jack- and frame-sinkers, and frame- and machine-needles at each division, 
to produce such fabrics by employing the apparatus of which the invention consists. 

About 1877, an American, Almet Keid, patented in this country an ingenious circular knitting- 
frame, capable of automatically knitting articles of every variety of shape, such as hats, caps, Scotch 
bonnets, and bags. Its principal features consisted in its having the equivalent of a Jacquard 
motion attached ; in the capability of knitting simultaneously a greater number of threads than 
ordinary circular machines ; in the fact that goods produced in it are composed of loops or stitches, 
so locked together that, in the ordinary way, they will not unravel when cut or torn ; and lastly, a 
rate of production considerably exceeding that of ordinary knitting-machines. 

The patent-right of the above machine was acquire<l in this country by a joint-stock company, 
and under its auspices, the principle of the above invention has been applied to a straight machine. 
As constructed, this has been brought into public notice as the “ straight-bar knitting-loom.” It is 
not complicated in its parts, nor as a whole; and can be made of any width. As it is designed to 
produce piece-goods, it requires to be 70-90 in. broad for wide descriptions. The needles are set on 
the bar, which may be of any required gauge. A loom 72 in. wide, 9-gauge, contains 6 needles to 
the inch = 432 in the width. The needle-bar has imparted to it a rapid vertical motion, of short 
stroke, during which, the needles rise and fall in front of and close to a bar pei forated with holes, 
one tor each needle. Through these holes, the yarn is passed, one end in each being delivered from 
bobbins or a beam, as may be moat conveuienl. Each time the needle-bar rises and falls, every 
needle makes one loop, and the texture is thus produced simultaneously along its whole width. Each 
course of loops is drawn away by a thin blade called a “ wiper,” possessing a reciprocating action. 
A pair of fluted rollers receive and pass the cloth down in front of the machine. The number of 
loops put in the width naturally depends upon the number of needles in the bar ; but without 
altering the gauge of these, the openness of the fabric can easily be varied, by altering the stroke of 
the needle-bar, and the rate at which the delivery and taking-up rollers operate, this being easily 
done in a few minutes. This variation is easily extended from 4 to 24, or any intermediate 
number of loops per inch, in the direction of the length of the fabric. The loops are effectually locked 
together, even those that form the selvage. The production from this machine is extremely large, 
the driving-puUeys actuating the main-shaft, making 200 rev. a minute, with the result that each 
needle makes a similar number of loops or meshes. The length produced depends upon the size of 
the mesh ; with these 13 to the inch, working at the above rate, it produces about 15 in. of web a 
minute. At this rate, its production is equal to that of 10-12 ordinary power-looms, weaving 
woollen cloth of the same width. Upon this machine, the yarn can be used unsized, and softly 
spun, or containing little twist, one of the advantages claimed for it being its capability to work up 
soft or tender yam unfitted for use in the ordinary loom. It is also capable of making stripes, either 
plain or “ herring-bone,” or combinations of these; but it is not in this direction that it wOl ever 
prove a formidable rival to the ordinary loom. 

This brief review of the development of the machinery of the hosiery trade brings us to the 
present day. 

Hosiery, as generally understood, and as considered here, is a production of the art of knitting — 
a subdivision of the greater art of weaving. It is a process by which a series of loops are made to 
intersect each other, the aggregate forming a web. It c.an be executed by hand, by machines 
wrought by manual power, and by others in which steam is employed as the motor. An expert 
operator by hand can make about 100 loops a minute ; by manual power, this number is very largely 
increased ; whilst in some modern machines worked by steam power, more than 300,000 loops a 
minute can be produced. 

Hand knitting is now rarely practised as an industry, or a means of obtaining a livelihood. Here 
and there, in secluded districts, such as the Highlands of Scotland, some parts of Wales and Ireland 
and similarly in many parts of the Continent, the peasantry follow the practice in the intervals of 
more laborious occupations, and by its means add some little to their earnings. 

Machine knitting by manual power, though still followed to a considerable extent, is a decay- 
ing industry. The hand-machine is used chiefly for the production of what is termed “ fancy 
hosiery," of elaborate or variegated patterns, such as it is difflcull, if not impossible as yet, to produce 
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by antomatic machinery worked by steam power. Where it is stiU used as a competitor with the 
latter, it is retained at a great disadvantage, becanse the operator has to bestow his strength and 
attention upon the working of the machine, whilst it would be more profitably exercised in super- 
intending a greater number actuated by steam power. 


872 . 



The essential part of both manual and steam-power machines is the needle. Of these, there are 
two kinds, as shown in Pig. 872. A B represent the one invented by Lee, but in the perfected 
form to which modem scien- 
tific mechanism' has brought 
it. It consists of the shank, 
the hook, and the beard or 
returned point of the hook. 

Underneath the beard, a 
groove is cut in the shank, 
for the reception of the former 
when pushed down by the 
presser-bar or wheel. This 
is the needle in most general 
use. Those marked C D are 
latch-needles, a much more 
recent invention, and the use 
of which has led to important 
changes. Both sorts are 
shown as mounted for the 
machine. The manual stock- 
ing-machine has a frame- 
work of wood, on which the 
working parts are supported. 

In front is a seat for the 
operative. The yam is sup- 
plied from a bobbin conve- 
niently placed. The needles 
Me arranged horizontally, as 
in Fig. 873. The chief parts 
are the sinkers /, locker g, 
jacks A, needles slur-bar I, 
slur m, pulley n, and locker- 
bar p. These constitute the 
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parts of the machine as Lee left it : of sufScient capacity to make a plain looped fabric. Jedediah 
Stratf s improvement, by which a ribbed web was enabled to be produced, consisted of the addition 
of a second series of needles c. Fig. 875, mounted on a lever e, and jointed to a vibrating arm/, attached 
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to the standard by a pin on which it is free to oscillate. There are three treadles to the manual 
frame, placed conveniently for being actuated by the feet of the operative when at work. Two of 
these are connected with the jacks by means of cords passing around pulleys, placed in the centre 
of the frame, and the third is similarly connected with the presser, the attachment being made at 
the extremity of an arm, which projects towards the back of the frame. 

There are two classes of sinkers, bar- and jack^nkers ; each of the latter, which are arranged 
alternately with the others, are attached separately to the end of a lever or “jack,** and by means 
thereof can be depressed separately. It will be observed that the sinkers / are arched in the 
middle, so as to form a hook, and beneath this hook there is a projection. These sinkers having to 
pass easily, and very quickly, between the needles, are made with great exactitude, being blocked 
out of thin sheets of iron, and carefully finished by polishing, so as not to injure the threads in 
working, AD parts of the frame require to be finished with the greatest accuracy of detaD and 
perfection of workmanship. 

The mode of operation and the action of the machine is as foDows : — The thread is drawn across 
the needles in contigmty to the arch of the sinkers ; the jack-sinkers are depressed by means of the 
treadle, which action forces the yam down between alternate needles ; the jack-sinkers are raised ; 
then both frame- and jack-sinkers are depressed to half the depth of the &st movement, the yam 
being by this means equaUy sunk between all the needles. The sinkers are next advanced, and 
carry the yam in the form of the wave line beneath the beards of the needle, as shown in Fig. 874. 
To simplify the description, it is assumed that two courses of loops have previously been formed, as 
shown at S. The last course wDl be in the arch or hookof the sinkers, and as the latter advance whilst 
the presser has closed the needles by compressing the beards into the grooves, the previous course of 
loops is carried over the heads or hooka of the needles, and placed upon the loops which the latter 
contain. The loops in the needles now form the top course of the fabric, which by means of the hook 
on the sinkers is then drawn back, to allow the process to be repeated. When the thread has been 
sunk between the alternate needles by the jacks, and it is required to sink it also between the 
remainder of the needles, the frame-siukers must be depressed one at a time, which is accomplished 
by means of a cord from the treadle-puUey, by which the slur is drawn backward and forward as 
required. By this means, the thread is sunk prr^essively across the series of needles, which move- 
ment must be completed in the straight frame before the sinkers advance and carry the thread into 
the hook of the needles. 

The thread is supplied in a continuous length from a large bobbin, but it will be evident that 
the substitution of different kinds or quaUties during the progress of the work can be easUy accom- 
plished according to requirement. The width of the web is also varied as may be needed, accord- 
ing as the thread is carried over a greater or less number of needles of the series. A stocking-web 
is thus shaped or “fashioned” in its different parts, before it is sewn or looped together in a 
subsequent stage. 

Such is the simple process of forming a looped fabric, which is essentiaUy the same in all 
machines. A single thread may be used as described, or a considerable number, called “ feeders ” 
as in rotary machines, by which the production is enormously increased. Or, a thread may be used 
to each needle ; when this is the case, the bobbins are arranged in a creel, or if preferred, the yam 
is put upon a beam. 

By means of a pin or hook, the loops upon one needle may easily be transferred to the next or 
even a more distant one, without detriment to the fabric. Advantage has been taken of this to form 
patterns of great variety and beauty. So made, the product is caUed “ lace hosiery,” and though 
not much in vogue at present, it has formerly been very popular. A pin or point, called a “ tickler ” 
needle, fixed in a smaU handle, is used to effect the transfer. 

Tickler-points have been introduced into machines in equal number to the needles. In these 
cases, they are arranged in a movable bar opposite the hooks. By advancing the bar, the needles are 
inserted into the loops ; being then raised and moved to the right or left, which is caUed “ shogging,” 
they deposit the loop upon the needle adjoining, or such other as may be required for the pattern. 

Besides tickler needles, other descriptions can be used with advantage. Strutt’s invention was 
of this character, being the introduction of a second series of needles, by which the loops from any 
desired number of needles could be reversed, and narrow or wide ribs be made, from which the 
attachment received the name of the “ Derby rib machine.” 

Nearly all classes of looped fabrics are now made with facility on the improved machines which 
are worked by power, and by which the production is largely increased, prices are lowered, and the 
consumption is greatly stimulated. Though hosiery goods are now obtained at lower prices than at 
any former time, yet the operative hosier earns more money , than probably at any time in the previous 
history of the trade. 

The foUowing Ulustrations, for which, indebtedness is acknowledged to Blackburn and Atten- 
boeough, of Nottingham, wiU serve to show the present construction of the best hosiery machinery 
now being made. 
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Fig. 876 is a representa- 
tion of Cotton’s self-acting, 
fashioning hose-machine, 
which fashions the leg and 
makes cleared fashioned 
heels. The frame is gene- 
rally constrncted to pro- 
duce eight wehs at once, 
two in each section, as 
shown. All the movements 
are automatic, and in 
principle are the same 
as previously described. 
Making a 30-gauge web, 
and working 54 hours a 
week, an average produc- 
tion of 70 doz. pairs of hose 
is easily obtained on two 
machines by a man and 
a boy, whilst with extra 
good superintendence, 80 
doz. is possible. 

It is well to premise 
here that stockings are not 
usually completed on one 
machine, the ribbed top 
being made on one frame, 
the leg on another, and 
the foot on a third, the 
different parts being joined 
subsequently. 

A footing-machine is 
made on the same principle 
as the preceding, and when 
constructed to make 18 feet 
at once — the usual dimen- 
sions — with one man su- 
perintending, assisted by a 
girl to run the heels and 
insteps upon the trans- 
ferring or running-on bars, 
it will average a produc- 
tion of 100 doz. pairs of 
feet a week, working on 
the same gauge, and the 
same number of hours a 
week as the preceding, with 
a possible 120 doz. 

This machine, though 
the term of its 14 years’ 
patent right has nearly 
expired, with the nume- 
rous improvements that 
have been added, is still by 
far the best in the market 
for fashioned hosiery goods, 
no competitor coming near 
it in the estimation of the 
trade. Its price, including 
the royalty to the patentees, 
is about 2501. 

The same machine, 
with the necessary modifi- 
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cations, is used for making men’s feshioned drawers; and two of them, each making four at once, 
snperintended by a man and a boy, in 54 bonrs produce 26 doz. pairs. For shirt-bodies, and fashioned 
sleeves, it is equally well adapted ; two of them, each making four at once of the former, will pro- 
duce 40 doz. as the result of the above number of hours’ work ; or 70 doz. fashioned sleeves in the 
same time. In addition to making plain or fashioned goods, as described, with the patented 
improvements or attachments held by Liamb and Lee, of Nottingham, they are capable of making 
odd or even courses, irregular striped work, cheviones, fancy welts with spliced heels, knee-caps, 
and the seats or pockets of pants or drawers ; also 3-4 end stripes. 

The ribbed tops of half-hose, bottoms of drawers, and sleeves of shirts, are made separately from 
the other portion of the fabric, and, in the common sorts, are subsequently attached hy a sewing- 
machine ; in better goods, they are ingeniously united by a modified knitting-frame or turning-off 
frame. Fig. 877 gives a view of the automatic, rotary, rib-top frame. It is entirely self-acting. 
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making the welt, and the slack course by means of which the top is joined to the other part, and 
putting in the splicing-thread, which, when withdrawn, separates the tops from each other. It is 
also adapted for, and much used in the production of, striped goods, the stripes obtained being in 
the direction of the width, not the length, of the fabric. It contains two sets of the bearded needle 
previously described. It is made in 4, 6, 8, or 12 divisions, and, in the larger size, is capable of 
producing 300 doz. tops in 54 hours. 

Cheap hosiery for the million is made on the circular stocking-frame. Fig. 878, whose power of 
production is very great. In this machine, the tube web is woven sufficiently long to form a pair of 
hose, and is subsequently cut in a peculiar manner to form the foot, and finished by being sewn up. 
The machine is usually constructed with 12 heads, and is tended by one person. In a day of ten 
hours, it is capable of producing 1000 stockings, or, with fairly good superintendence, 250 doz. 
pairs a week. Of this description of hosiery, some of the large Nottingham firms manufacture 
25,000-30,000 doz. a week. It is an exceedingly simple machine, requiring no skilled labour, and, 
on that account, better fitted than most others for introduction amongst populations whose mechanical 
aptitude and skill are comparatively undeveloped. As a consequence, it is the one most usually 
exported. At present, it is used extensively in Russia, Spain, and other parts of the Continent, 
and in America, and India. 

Another important machine is the broad-ribbed circular stocking-frame. Fig. 879. This knits 
any size of rib. It contains two sets of the “ tumbler ” or “ latch ” needles, to the invention of 
which, allusion has been previously made. This needle is shown in CD, Fig. 872 It differs 
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needle, and its use enables the presser-bar or wheel, as the case may be, and the mechanism 
necessary for working them, to be dispensed with. The shank of the needle, near the hook is 
flattened, and divided for the reception of the latch, which is retained by a pin on which it oscil- 
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latee. When the hooks have received their course of thread, being drawn down the preceding, 
course which is upon the shank, the latch is pushed up, and the hook is clc«ed, which enables the 
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threads to slip over the head of the needle, and upon the loops that are in the hooks, thus forming 
another course of the web. The needles being again elevated, the loops in the hooks slip down 
upon the shank of the needles, the latch falling hack from the position shown in tlie illustration, 
in order to permit this action. The hooks, having received another thread, are again depressed, 
and the operation is repeated. This machine is also made for knitting cnflfs, or tops, with welt and 
slack course, as in the rotary rib-top flame. It is self-acting in all parts, and is made in all gauges. 
A girl generally superintends it. 

Of late, the demands of fashion have led to the adaptation of the knitting-machine to the 
production of wide-looped fabrics, composed of wool, and which may be finished as woollen clothsi 
or otherwise, so as to preserve on the front the characteristics of a knitted cloth. The advantage 
such a cloth possesses over an ordinary woven web is its greater elasticity, and equality of strength 
in each direction. The stockinette-machine, on which this class of fabric is produced, is illustrated 
in Fig. 880, which represents a 2-head machine, the heads being of 35 in. dia. A tubular cloth 
knit upon this frame would be 105 in. wide, but owing to shrinkage when taken from the machine, 
this would be reduced one-third, a shrinkage which applies to all machine-knit fabrics. When 
milled in the finishing processes, it is further reduced in width by 10-12 in. One person superin- 
tends a 2-head machine of this description, from which he produces 300 yd. of cloth in a week of 
54 hours. Machines on the same principle, having four heads of less diameter, are used for making 
circular webs to cut up into pants and shirts. These also are superintended by one person. For 
other purposes, the heads are made in varying diameters, as may he desired. 

The great capacity of production attained on the stockinette-machine, in making wide woollen 
fabrics, almost impels to the conclusion that, for many purposes, it may in the early future supersede 
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siderable economy will be effected in the cost of production by this process, owing to several opera- 
tions in the ordinary system of manufacture being rendered unnecessary. 

All circular hosiery-frames in working are liable, through knots or other irregularities in the 
yam, to have their needles crossed or displaced, and thereby to “burr” or roughen the blai^s 
of the wheels. These imperfections are best removed, and the parts restored to order, by subjecting 
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them to the action of the circular brushing-machine, represented in Pig. 881 . Though perhaps 
not absolutely a necessary adjunct of a hosiery-factory, it is essential to secure a good quality of work, 
and a large production. 

Hosiery manufacture, considering its magnitude, is distinguished by its simplicity. In rare 
instances only do those engaged therein spin the yam they consume. The latter is generally ready 
for the hosiery winding-frame as it comes from the spinner, and being next supplied to the knitter, 
is fabricated into an article so perfect as to require but very little further treatment in the finishing 
processes. 

Tlie first in the series of finishing-machines, is the calendering-press, Fig. 882, used for 
rolling or calendering aU circular hose, preparatory to cutting the feet. In this class of hose, a 
sufficient length is woven or knit in the frame in one piece to form a pair. These lengths are drawn 
upon a board, with the exception of about 1 in., which is left overhanging at the end. This part 
is presented to the calender-rollers, which, as they are rapidly revolving, seize it, and draw off the 
board the length of web ; this, in its passage, is subjected to heavy pressure, and made to assume 
and retain the required form sufficiently long to undergo the next operation. As it emerges from 
the pressing-rollers, each length is received by an attendant girl, and laid in lots of a dozen each, 
in which quantities they are passed to the cutter. 

Common hosiery, woven in the tubular form in double lengths, requires to be cut in a peculiar 
manner, in order to form the foot with comparative neatness and facility. The tube is first cut 
transversely half-way through, then longitudinally on each aide for a distance of about 16-18 in., 
and the separation of the two portions is then effected by a transverse cut like the first. Each 
length then consists of equally-sized portions of hosiery web, about one-half of each part being 
tubular, and the remainder a longitudinal section of the same, flattened out. This cutting process 
is accurately and quickly performed 
on the machine shown in Fig. 883, 
which is so constmeted as to cut 
with facility 100 doz. an hour. 

AJl frame hosiery, whether of the 
best or low qualities, requires more 
or less mending and finishing, by 
hand, sewing-machine, or looping- 
frame, by which the joining of the 
parts is effected more neatly than 
by the other ruder process. These 
finishers are usually women and 
girls, who are denominated “ mend- 
ers ” and “ seamers.” By long 
practice, they become very expert 
and swift, and the various articles 
pass through their hands with sur- 
prising expedition. 

After the menders and finishers 
have disposed of them, the last pro- 
cess previous to making up into 
dozens, or “ boxing,” in the case of 
fancy articles, is “ hot pressing,” 
which gives a certain degree of per- 
manency to the form of the article. 

The steam-heated press. Fig. 

884, is the means by which this is 
accomplished. Its construction is 
exceedingly simple. Both the table and the top are cast with a series of passages through them 
into which the steam enters and circulates, and by which a great heat is obtained. Common 
tubular hose are drawn upon shaping-boards singly, and a dozen of these are put into the press 
together. A few moments’ subjection to the heat and pressure is all that is necessary to give the 
desired shape, and while one set is undergoing treatment, another is being prepared. Fashioned 
goods, such as pants, shirts, hose, half-hose, &c., are treated in the same manner. 

The commercial centres of the hosiery trade are Leicester and Nottingham, the former dealing 
chiefly in worsted goods, and the latter in cotton and merino articles, the last word being technically 
employed to indicate a mixture of cotton and wool. Each town is surrounded by a number of 
smaller places, in which much of the business of production is carried on, the articles being 
subsequently sent to the above centres respectively. 

Cotton yams are obtained from Lancashire, and chiefly from Ashton, Stayley Bridge, and 
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Bolton. Worsted yams are mostly procured from Bradford and the neighbourhood, and merino or 
union yarns from Halifax and the localities around. 

The Parliamentary Return for 1879, relating to the textile industries, gives the following figures 
concerning the number of manufacturing establishments and the people employed therein : — 


Hosieby Factoeies op the United Kingdom. 


England and Wales. 

Number 

of 

Factories. 

Number of Chil- 
dren working 
half-time. 

i Number 
of Males 
under 

18 years 

Number 
of Females 
above 13 
years of age 

Number 
of Males 
above 

18 years 

Total number of persons 
employed. 



Males. Females 

working 
full time. 

working 1 
full time. 1 

of age. 

Males. 

Females. 

Total. 

Middlesex, Surrey,) 
and Kent . . . . / 

Leicester, Rutland, j 
Lincoln, and Not-l 
tingham .. .. | 

Derby 

2 

165 

8 

145 222 

2 

8 

756 

88 

28 

6,990 

603 

65 

4,486 

378 

73 

5,387 

468 

28 

7,212 

603 

101 

12,599 

1,071 

Total for England! 
and Wales .. 

175 

147 222 

852 

7,621 

4,929 

5.928 

.7,843 

13,771 

Total for Scotland . . 

10 

16 14 

59 

442 

571 

646 

456 

1,102 

„ „ Ireland .. 

1 

7 

9 

10 

93 

109 

10 

119 

Total for the Unitedl 
Kingdom . . . . / 

186 

170 236 

920 

8,073 

5,593 

6,683 ■ 

! 

8,309 

14,992 


The Returns from which these figures are taken, being only those of the nnmber of factories 
authorized to be inspected under the Factories and Workshops Acts, the persons still engaged in 
the domestic branch of the industry did not come within the cognizance of the enumerators, 
otherwise a considerable addition would have been made to these totals. A more important 
omission is the failure to give a 
census of the machinery employed 
in the various sections, or at least 
in the three broad divisions of 
worsted, cotton, and merino (union), 
productions. 

That the above enumeration 
conveys a very inadequate idea of 
the importance of the hosiery trade, 
may be judged from the fact that, 
in the hosiery business of Notting- 
ham alone, there were at work in 
1865, 11,000 narrow hand machines, 
employing domestically 7500 men 
and 3500 women and youths, at 
wages ranging from 6s. to 26s. a 
week, averaging 10s. 6<i. ; also 4250 
wide hand machines, domestically 
employing 4250 men earning 10s.-30s., and averaging 15s. a week. These 15,250 hand frames 
were scattered over eighty parishes in the county of Nottingham. These two classes of Notting- 
hamshire hand machines give employment to about 20,000 women and girls as winders and 
seamers, earning about 4s. each ou an average. There were also about 1000 wide power rotary- 
frames employing 700 men, at 20s.-32s. a week; and about 1600 girls and women seamers and 
winders, whose average earnings were 5s. weekly. There were in addition to these, 1200 sets 
of circular round power frames improved, employing 500 men and 500 youths, at 12s.-25s. weekly ; 
and 1000 women at 12s.-20s. weekly. The winders, cutters, menders, and others attached to 
these were about 11,000 women and girls, averaging 7s.-12s. weekly. On about 400 warp 
machines, making hosiery by power, 400 men were engaged at 14s.- 35s. a week, and 200 youths at 
12s.-20s. ; besides 400 men warpers earning about 25s., and 2000 women and girls stitching, &c., 
at an average of 8s. a week. In bleaching, dyeing, and as porters, 2000 men were probably 
employed, at 20s.-35s. ; and 5000 menders, folders, &c., were occupied in the warehouses at 8s.-12s. 
weekly. To these should be added the staffs of warehousemen and clerks employed in the 80 
establishments for finishing, and sale of goods, in Nottingham. These, all told, would make a tot jl 
of fully 60,000 individuals. 


* 
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The nnmber of bands employed in the entire English hosiery trade in 1866 was computed to 
be as follows : — 42,000 working narrow frames, 8000 at wide ones, and about 100,000 menders, 
winders, seamers, cutters, finishers, and makers-up, who are chiefly women and cliildreu — a total of 
150,000 persons. 

The value of the production in 1851 was estimated at 3,600,000/. ; in 1862, at 6,480,000/., and in 
1865, at 7,795,000/., which last advance was chiefly due to an increase in the price of the raw materiaL 
Afterwards there was a decline from this amount, bnt the subsequent growth of the trade will 
probably have carried it by this time to a point near 10,000,000/. per annum. 

The hosiery industry has taken firm root in several foreign states, notably in France, and Saxony, 
and less firmly as yet in Kussia, Austria, Spain, and Italy. In the United States of America, it has 
become comparatively flourishing, under the commercial policy adopted in that country. Several 
less important communities have also recently endeavoured to introduce the industry. When 
all chances of rivalry, however, are ftilly discounted, it is conclusively evident that there are no 
insmmountable obstacles to a still further great development of the English branch of the trade. 

B. M. 


LACE (Fe., Dentelle ; Gee., Spitze). 

Lace-making is the most artistic of the textile industries, and its productions have always been 
regarded as an especial appanage of the wealthy and luxurious classes of society. Lace is the last 
outcome of the development of those arts of ornamentation whose chief instrument is the needle : 
embroidery, tapestry, applique, &c., in which women have been skilled from time immemorial. 
Though tracing its evolution through the most civilized aneient peoples, the art itself m com- 
paratively modern, the earliest discovered references to lace occurring during the 15th century. It 
is not improbable that society owes it to the system of monasde seclusion accompanying the Catho- 
licism of the Middle Ages, when the gentler sex devoted much time to the cultivation of needle- 
work and similar arts. There is little doubt that knitting also had its origin in the cloisters, and 
the transition from that art to lace-making would be comparatively short and easy. After its deve- 
lopment, lace-making spread into the outer world, and became the favourite pursuit of ladies io the 
higher social circles of different nations, superseding the older feminine arts of needlework, embroi- 
dery, and tapestry. Female dependents doubtless also learnt the art, and taught it to the members 
of their own families, thus laying the foundation of those industries which, favoured by local cir- 
cumstances, have grown into national importance. In the course of time, these different centres 
have developed special characteristics, by which the productions of one place can be distinguished 
from those of another. 

Lace-making may be divided into two great branches ; manual, or the system of making by 
hand ; and mechanical, or the method of making by machine. The former is the original and 
most widely spread system ; the latter is a development of the mechanical skill of the 19th century, 
and has already attained great perfection. By cheapening the production and reducing the price, 
it has brought the elegant productions of the art within the reach of nearly all classes : and while 
ministering to the refinement of public taste, has given rise to a new industry, employing many 
thousands of people, whose welfare cannot be an object of indifference. 

The manual system of lace-making, which is still extensively followed in Belgium, France, and, 
to some extent, in this country, will natiually first claim attention, on account of its greater mag- 
nitude, its wider extent, and the much higher estimation in which its products are held, over those 
produced by mechanical appliances. Hand-made lace is generally known as “real” lace, whilst 
that produced by machine is regarded as a counterfeit, and called “imitation.” In the best 
qualities of the former, only the finest flaxen thread is used ; whilst in the latter, very fine cotton 
thread is substituted. 

The materials from which lace is fabricated are various, and include flax, silk, cotton, gold, 
silver, and threads from several other fibres. These are used in various degrees of fineness, accord- 
ing to the character of the work requir ed. Generally, however, the thread is very fine, and of good 
quality, when compared with that employed for other purposes. 

Hand-made Lace.— Lace proper, or hand-made lace, usually consists of two parts: a ground of 
plain netw ork, composed of honey-combed or six-sided meshes, formed in different ways, according to 
the variety of the article being produced. On this ground, the second part, the pattern, is worked. 
Sometimes the ground is dispensed with, and the parts of the pattern are connected by threads 
irregularly attached, overcast with the button-hole stiteh, and ornamented according to the style of 
the design. In some kinds, there is no ground at all, the objects represented joining each other. In 
the varieties known as Mechlin, Valenciennes, and Buckingham laces, and in several others, the 
pattern or “ gimp ” is made with the ground. Brussels and Honiton laces are composed differently, 
the gimp being worked separately, and then sewn on the ground. Around the edge of the pattern, 
there is generally a little raised cord, called “cordonnet.” The upper edge of lace is often com- 
posed of very small loops, which constitute what is called a “ pearl ” edge ; whilst the lower or 
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“ footing ” is a narrow lace, by means of which the work is attached to the material whereon it is 
to be worn. The fabric as a whole is exceedingly intricate. To the uninitiated, the ingenious 
entanglement of threads is an insoluble mystery, and still more so is the fact that out of this 
tangle are produced the most beautiful designs : geometric figures, leaves, flowers, and creations of 
the fancy of the most elaborate kind. 

Hand-made lace may be broadly divided into two classes: (1) “point,” or needle-made kinds, of 
which, some of the best as well as the earliest are the ancient laces of Italy, Spain, and Portugal, 
and for which Alen^on, in France, has more recently become noted ; (2) “ pillow-lace,” which, as 
its name indicates, is made by weaving, twisting and plaiting together upon the “ lace-cushion ” a 
number of threads supplied from bobbins. 

Point-lace, as previously indicated, probably originated in the convent, and its invention is 
usually claimed for Italy. During the 16th century, it became widely known, and was in almost 
general use, being applied to a great number of purposes. The lace of this period was chiefly of 
geometric design ; combinations of squares, circles, and other figures in repetition. 

It was probably not more than J-f of a century after the invention of point-lace, that the art 
of pillow-lace making was invented — the credit of this is generally assigned ^to the Netherlands. 

It was subsequently introduced into Germany by Barbara Etterlein, a lady of Nuremberg parent- 
age, who went to reside in the Hartz mountains, where she married a rich master 
miner, Christopher Uttmann, of Annaberg. In the mining districts of the Hartz, 
it was customary for the workmen to wear their hair confined in nets, which were 
woven by the females. Barbara, observing this, introduced the pillow, and taught 
them to make a plain lace ground, as an improvement upon the articles they were 
fabricating. This art, it is alleged, she had acquired from a Brabant refugee. 

Pillow-lace making became so popular, that Frau Uttmann set up a workshop at 
Annaberg, where she taught the art to many, and madc.Iacc of various patterns. 

After her death, on Jan. Hth, 1575, an inscription placed upon her grave claimed 
for her the invention of pillow-lace. Whether this claim is justly groumled or 
not, cannot be decided here, but the fact is ceitain that, from .\nnaberg as ^centre, the art spread 
over Germany, and thence into surrounding countries. 

Point- or needle-lace is usually the production of one thread, upon which loops are made and 
joined to each other by intersections, in such a manner as to 
form patterns. In piUow-lace making, on the contrary, more 
threads are used, the number sometimes reaching 400-500, and 
in exceptional cases, 1500. It will be obvious that the manage- 
ment of such a number of threads is a more complicated 
matter than that of dealing with one, and that the fabrication of 
the beautiful patterns into which they are formed needs a more 
complete instrument than the simple needle. A series of pins, 
with a cushion in which to arrange them, were found the most 
pliable instruments, and to aflTord the greatest facility for the 
interweaving or twining of the threads. Pillow-lace is made by 
simply twisting, plaiting, and weaving together a number of 
threads, in such a manner as to form them into any desired 
pattern. The process is to first draw the pattern upon parch- 
ment, and make holes in the outline of the design, wherein to insert pins, around which the threads 
are twisted so as to form meshes. Fine and coarse threads can be combined, and two or more can 
be worked together for a time and then separated. With the progress of the work, the pins are 
moved to new positions. In making figured lace, it is necessary that 
the threads should be so arranged as to allow of their being passed 
around each other as often as required. In pillow-laces, the pattern is 
chiefly made by weaving the threads so as to form what may be termed 
a portion of plain cloth, Fig. 885 ; the ground or mesh by plaiting. 

Fig 887; and in other descriptions, by intertwining the threads, as in 
Fig. 886. The ground of Brussels and Honiton lace is formed as in 
Fig. 887, which represents a 4-thread ground. 

England owes its pillow-lace making industry to refugees from the 
Netherlands, who fled from the persecutions of the Duke of Alva, and 
sought an asylum in this country in the 17th century. The 
industry took root in the shires of Bedford, Buckingham, Oxford, Northampton, and Devon; 
but the two centres which have become most distinguished and successful, are the districts embrac- 
ing Honiton, in Devonshire, and the county of Buckingham. In the former, the manufacture of 
lace is carried on over a district along the coast about 30 miles in length by about 12 in» 
breadth, which includes Seaton, Beer, Branscombe, Sidmoutb, Exmouth, and the vale of Honiton. 

4 H 
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At one time, as many as 10,000 people have been employed in the lace industry in this 
district. 

Honiton lace is made by placing a perforated pattern upon a pillow, and employing pins, 
bobbins, and spindles to twist and interweave the threads in such a manner as maybe required. In 
the early stages of its existence, the Devonshire industry was confined to the production of sprigs and 
borders, but during the past half-century, such progress has been made as to result in the manu- 
facture of articles of great value, displaying taste and beauty of design, and delicacy of execution. 
These comprise flounces, shawls, bridal veils, scarfs, handkerchiefs, &c., some of which range in 
value from 10/. to 300/. 

The Devonshire lace resembles Brussels in the mode of manufacture : but within recent years 
the style has changed, and the ground has been replaced by the modern guipure. The “ old 
ground,” as it is now called, was beautifully fine and regular, and made of flaxen thread procured 
at Antwerp, where its market price in 1790 was 70/. the lb. During the wars at the close of last 
century and the beginning of this, when it was diflScult to obtain the yarn, smugglers who suc- 
ceeded in getting it into the country obtained as much as 100/. for 1 lb., and the lace-makers 
received as much as 18s. a yd. for making the ground of border lace not 2 in. wide. It was, how- 
ever, with the sprigs and borders that Honiton achieved its fame. They are made separately on the 
pillow, and the former, in the early days of the industry, were worked in, but afterwards applied or 
sewn on the ground, wliich is now usually a machine-made net. 

Beds, Bucks, and Northampton laces once stood very high in public estimation, being greatly 
admired for the clearness and beauty of their point grounds ; but owing to fluctuations of demand, 
the industry in these districts has greatly declined. Formerly the class of laces chiefly made were 
narrow ones used in trimming infants’ caps, robes, &c., but the fashion having changed in some 
respects, and machine-made goods superseding them, these have been abandoned, and the workers 
now produce the descriptions known as Cluny and Maltese. 

There are several other descriptions of hand-made lace produced in the Britisli Islands. Of these, 
the principal are Britisli point, made in the neighbourhood of London, which is of good quality, 
regarded as an imitati^ of Brussels. Limerick lace has achieved a wide reputation, and vast 
quantities have been produced. Lace-making was introduced into Ireland during the last centmy, 
but, as an industry, made very little head-way until after machinery was adopted for the spinning 
of flax, which threw a large portion of the female population out of employment. Along with em- 
broidery, lace-making began to make progress, though not to the same extent as the former. After 
the famine in 1816, training-schools were established in many parts, and lace was made with consi- 
derable success. Amongst the descriptions produced were point, guipure, imitations of ancient 
point, Ypres Valenciennes, tatting, and other kinds which secured public favour. 

English hand lace-making has, however, always been a secondary industry compared with that 
of other countries. Amongst the states on the Continent, France occupies the premier place. Thirty 
years ago, the number of females employed in the hand-made lace industry of that country was esti- 
mated at over 200,000, ranging in age from 7 years to an advanced time of life. It is not probable 
that this number is diminished, or if so, it can only be to a small extent. The money earned by 
each worker ranges from 6c/. to Is. for a day’s work of 10 hours, varying according to the demand 
there is for the article. 

Hand-spun linen thread, cotton, wool, silk, and gold and silver tlu’ead mixed with silk, are the 
materials employed. About J century ago, all the white lace was made from hand-spun linen 
thread ; but cotton yams, ranging in Nos. from 120’s to 320’3, are now almost solely used. 

The hand manufacture of lace as an industry is very widely spread in France, extending over 
many departments. Each district is remarkable for the posse.ssion of some peculiarity of style, which 
is well known in the chief markets, and easily recognized by experts amongst dealers. The most 
important centres of production are Caen and Bayeux, Chantilly and district, LUle, Airas, Mire- 
court, Du Pay, Bailleul, and Aleni;on. 

Caen and Bayeux, in the department of Calvados, are celebrated as the chief centres of the 
manufacture of silk-lace in length and piece-goods : veils, scarfs, mantles, robes, shawls, &c. The 
first silk blonde was made at Caen, and given that name from the fact that it was made of undyed 
silk. This article rose high in public favour, but subsequently the demand fell away to very small 
dimensions, and, for a long time past, the chief product has been black lace. The manufactures of these 
districts are widely celebrated, mainly on account of the skill of the workpeople, of whom there are 
30,000-40,000 employed. The women are rtmaikably quick at the x\ork, and, by means of a stitch 
called rucroe, join diflerent parts together in such a manner as to be invisible to the closest scrutiny. 
By the use of this stitch, they are enabled to divide a task amongst a number of workers, whereby 
it can be completed in a much less time than if performed by one woman. 

Chantilly lace possesses most of the characteristics of the preceding, but excels it in fineness of 
r texture, beauty of design, and perfection of workmanship. It fakes its name from the birthplace of 
the manufacture, but its fabrication has long since spread into the neighbouring districts. The 
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manufacture is not nearly so extensive as that of Caen and Bayeux, and is confined to the pro- 
duction of articles designed to satisfy the taste of the most wadthy and luxurious classes of society. 

The lace industry of Lille is said to be the oldest in France, but it has long been in a declining 
condition. Fond clair, or clear foundation^jread-lace, was the best-known article produced here. 
Lille possesses several other industries which afford better-paid employment for the female portion 
of the population, the consequence being that lace-making has greatly declined. That of Arras is 
in a similar state to the above, and what remains of its manufacture is greatly wanting in novelty 
and good finish, but is sold at a low price, and hence meets with a demand sufiBcient to absorb what 
is made. Mirecourt, in the Vosges, makes a lace similar to that of Lille, but displays more enterprise 
and taste in the introduction of new designs than either that town or Arras. This place is also 
noted for the production of “ guipure,” similar to the lace of that name produced at Honiton. 

Puy, in the Haute-Loire, is a great centre of the lace industry ; in the town and district, there 
are 30,000-40,000 people employed. A great quantity of the lace produced is coarse, of low texture, 
and cheap in price. Other varieties are made in thread, silk, and wool, amongst which are included 
“jxiint,” “point de Chacey,” and “point de Valenciennes.” Blonde, black, and white lace, and 
many other descriptions in every colour, especially worsted laces, are also produced. 

Bailleul is the chief place in France for the manufacture of Valenciennes, its production greatly 
resembling that of Bruges in Belgium. The lace made here is remarkably white, and is sold at a 
cheap rate. It is rather thick as compared with other descriptions. 

The celebrated “ point d’Alemjon ” is a needle-made lace of the highest quality. Its manu- 
facture was introduced into France from Italy, in 1660, by the minister Colbert, who obtained 
workmen from Venice and Genoa. These at first made the lace to which they had been accus- 
tomed, called “ point de Venise,” and afterwards “ point de France.” Subsequently variations 
sprang up, and the manufacture then became known as “ point de Alen^on,” from the town in 
which it was made. This lace is now very different from most other point laces, which need only 
one worker to complete the richest article, Alen^on, on the contrary, requiring 12-16 different 
workers to complete the smallest piece of the simplest pattern. Amongst these, may be mentioned the 
traceuses and the reselemes, who make the net or ground ; the bomreuses, wl)p do the heavy portions 
or patterns of the lace ; the modeuses, who make the open work ; and the hrodeiises, who fabricate the 
border destined to surround and support the patterns. This lace is now the only kind made with 
pure haudspun linen thread, the price of which ranges from lOOf. to 1201. a lb. The women 
employed in making Alenjon lace are extremely skilful, and the article is the strongest, finest, 
and richest of all laces, and commands the highest price. 

The lace industry of France is of national importance. It employs a largo proportion of the 
population, and a great amount of capital. It is essentially a domestic industry ; all the females 
employed work in their own homes, under the immediate supervision of their elders, who are 
their chief instructors. 

Next to France, Belgium possesses the greatest repute for hand-made lace. The chief centres 
of its lace industry are Brussels, Antwerp, Malines, Ypres, Bruges, Ghent, Menin, Courtrai, and 
Alost, with their surrounding villages. In these districts, a population of probably over 100,000 
persons is employed in the fabrication of lace. 

Brussels lace is of the highest quality, and consists of two kinds, point and pillow, the former 
being made entirely by the needle, and tlie latter on the pillow. The finest descriptions, which 
realize the highest prices, are made of fine flaxen thread. In others of great excellence, cotton 
yarns are used. In former times, these laces were only made upon “ real ” ground, but after the 
manufacture of net by machinery had been perfected in England, this was to a large extent substi- 
tuted, and has had the effect of greatly reducing the cost. The “ real ” or hand-made ground was 
wrought on the pillow in narrow strips of 1-3 in. wide, which were then joined so perfectly as to 
render the line of attachment quite invisible. The best hand-made lace was so costly as to find 
customers only within the circles of royalty or families of the greatest wealth. Trimming laces 
3-4 in. wide ranged in price from four to ten guineas a yd., whilst veils of the same qualities sold 
for 20-150 guineas. The introduction of the machine-made ground, however, so reduced these 
prices as to greatly enlarge the circle of consumers, and since that time they have been in extensive 
use by persons in the higher and wealthier circles of society. This change greatly stimulated the 
Belgian industry. 

This modified or combined hand- and machine-made lace is known as the “ application of 
Brussels,” and, in its perfect resemblance to the reid article, is calculated to deceive the most skilful 
and expert judges. The flowers or designs are made by hand, and then sewed upon the net. 
Brussels “ plait-net ” is extensively worn upon the Continent, but “ point ” has generally been in 
more favour in England. 

The fabrication of Brussels lace is divided amongst a considerable numbers of workers, one class 
making the flowers in plait, another those in point, a third “ real” ground, a fourth the ground ii* 
the flowers ; a fifth fasten or combine the different parts, whilst a sixth attach the foiegoing to the 
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net ground. In some particular descriptions, there are two or three additional classes of workers. 
The quality of Brussels lace is only surpassed by the point d’Alen^on made in the north of France. 

The descriptions of lace known as Mechlin are made at Malines and Antwerp, and their 
vicinities. These laces are made on the pillow in one ijpce, and are of remarkably light and fine 
texture. They are peculiar in having a plait thread surrounding the designs and flowers, and 
forming their outline, which give them the appearance of embroidery. 

Valenciennes constitute another variety, which r.ink amongst the most highly esteemed laces 
made in Belgium. These are chiefly produced in Ypres, Menin, Courtrai, Bruges, Alost, Ghent, 
and tlie villages surrounding these towns. This lace is also a pillow-lace, yet the production of each 
town displays such peculiarities that they can be easily distinguished by experts. The fir.st-named 
town began the manufacture in or about 1656, but for a long time, it did not make much 
progress. Since the commencement of tlie present century, it bas extended greatly, and, a few 
years ago, was estimated to employ in tlie town and environs fully 20,000 persons. The produc- 
tions are exported to England, France, Germany, and the United States. Ghent makes very high- 
elass articles, chiefly in narrow and medium widths, and employs 10,000-15,000 workpeople. The 
laces of Bruges are of a medium quality, and lower in price than those of Ghent ; but they are of 
an eminently useful character, being especially adapted for trimmings. Alost makes some good 
laces of similar designs, but not equal in quality to those of Ypres. Grammont laces are white 
thread, and black point trimming laces of good quality. 

In all hand-laee making districts, the industry is mainly of a domestic nature, hence there is 
not that close and continuous devotion to the labour that exists in other occupations more highly 
organized, and conducted on the factory system. In moat cases, tlie females have charge of house- 
hold duties, and take up their lacework in the intervals of domestic occupation. This can be done 
without detriment if they are careful not to injure their haniis. Their earnings are very small. 
Where it is more persistently engaged in, the remuneration is better ; but in the best circum- 
stances, it is an ill-paid industry, requiring a long apprenticeship and close devotion to attain pro- 
ficiency. It frequently takes several months, and often a year, to complete a short length of 3 yd. ; 
and in these cases, the employer is compelled to make advances to the lace-maker, besides supplying 
the costly yarn for the manufacture. Ten years ago, the number of persons following the occupa- 
tion in Valenciennes, was reduced to three, who were earning only 1/r. 30c.-l/r. 50c. for 12 hours’ 
work. In the Belgian towns where the lace of this name is made, the wages are rather better, 
though not to an important extent. The price of a lace-maker’s cushion is 8-10//-., and tlie patterns 
cost TSc.-l/c. ; the worker provides her pins and spindles, which number often 1500 pins and 
250-500 spindles employed in the production of one piece of Valenciennes lace only 3 yd. in length. 

Lace-making in Italy has become almost extinct, the method of making some of the most prized 
descriptions having been lost. One sort formerly of high repute was known as Burano lace, and 
about 12 years ago, an attempt, attended with some degree of success, was made to revive the 
industry. An old woman was found who was stated to be the last of her craft who still remembered 
the method of making this lace, and under the auspices of Princess Giovanelli and Countess 
Marcello, she was engaged to instruct a number of girls in the almost forgotten art. The first 
specimens produced sold very freely. The cost of the fabric was about 1 00/>. a metre of 12 cm. 
wide, and this was regarded amongst connoisseurs as beneath its proper value. The time required 
to produce this length is 150 days of 5 hours each, for which the workwoman receives 50c. per diem. 
Dr. Fambri, an Italian deputy, made the following estimate of the labour and cost involved in 
making one metre of this lace, of a kind and quality never surpassed in ancient times : (1) 
3 months’ wages of one hand for the net work; (2) one month’s wages of one hand for the pattern 
or flowers ; (3) one month’s wages for the ornamental border. He also suggested that the industry 
should be carefully cherished and developed, not only in order to preserve the secret of tlie art, but 
also as offering an employment capable of affording maintenance to thousands of people on a merely 
nominal capital. 

Machine Lace Mancfacttbe. — The era of mechanical invention, which commenced in the 
textile trades in the middle of last century, has had a vast influence on every industry. Naturally, 
however, this influence has been most conspicuously exerted in the spheres in which it first made itself 
apparent. This will be admitted, when the fact is reflected on that the cotton trade, as it exists to- 
day, has entirely sprung from its development, that the woollen industry has been completely 
revolutionized, and similarly the manufacture of flax. The silk trade has perhaps hardly undergone 
quite so much change, but this is more owing to the nature of the fibre dealt witli, than to the 
incapacity of inventors to meet its requirements. But in no section of the textile industries have 
the latter been more successful than in the one under consideration — the manufacture of lace 

The wide area in this and other countries over which lace-making was spread, the slowness of 
its processes, and the high prices obtained for the product, soon attracted the attention of men 
ivinxious to emulate the success of Strutt, Hargreaves, Arkwright, and other pioneer inventors in the 
cotton trade. But it was some time before the vague notions entertained began to assume definite 
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shape. The stocking-machine of Lee, as improved by Strutt, was the instrument generally regarded 
as most likely to yield satisfactory returns for careful study and development. Strutt’s success led 
to the hope that the more intricate patterns of the hand knitter might be successfully imitated 
meclianically, and amongst these were the various lace patterns that had been introduced into 
hand-made hosiery. This anticipation, as the result lias shown, was not baseless, for the machine- 
lace industry is entirely a development arising out of the Calverley curate’s invention. 

The addition of tickler-points to Strutt’s improved machine, by which the loop formed upon one 
needle was removed to the next adjacent one on either side, was the first step in this direction. By 
the arrangement adopted, the loops on the needles were transferred to the tickler-points, and whilst 
they were upon these, the tiekler-bar was “ shogged ” or moved in a lateral direction, by which the 
loops were carried to and placed upon the required needles. This ingenious arrangement was the 
invention of a stocking-maker named Butterworth, living near Mansfield. Butterworth had to 
entrust the details of his plan to a smith named Betts, whom he employed to make the necessary 
parts ; but conjointly they were unable to proceed to secure it by a patent, or even to perfect the plan, 
so a third person was induced to join them, a man called Shaw. Betts appears to have been an un- 
scrupulous man : he eliminated the inventor from the party, and introduced a more able capitalist 
than Shaw in John Morris, a Nottingham hosier. Betts, Shaw, and Morris went to London and 
secured a patent, in the names of John and Thomas Morris, and John and William Betts, leaving 
out of the instrument all mention of both the inventor and Shaw. In the absence of the latter, Betts 
transferred the whole property of the invention to Morris, and thus defianded both of his former 
partners of their share. This particular invention is interesting, because the specification states that 
the invention was “for making by a machine, to be fixed to a stocking-frame, eyelet-holes or 
net-work," 

Shaw, feeling disappointed and injured, subsequently went upon the Continent, where he saw a 
better method of making open work than any with which he was acquainted, and which he intro- 
duced into England on his return. In the meantime, the machine, which had become Morris’ 
patent, was further improved by Else, who dispensed with one eye in the ffirm, .and with the 
ticklers. This was used in England for some time, but subsequently was superseded and almost 
forgotten. In the days when it was penal to export machinery, it was smuggled over to France, and 
the Convention liberally rewarded the person who succeeded iu getting it across the Channel. Im- 
proved and developed, it is the machine which at Lyons is used to this day for the production of 
single and double silk net. 

Morris, encouraged by his previous successes, laboured in the further development of the maoliine, 
and, in 1781, patented another improvement, whereby the sinker-loop was put across two needles, 
and the feat of making point-net was accomplished. These inventions in combination formed a 
remarkable advance in the progress from the hosiery-frame to the lace-machine. This was, how- 
ever, soon surpassed by an invention perfected by Else and an associate, who discarded the tuok- 
presser, substituting and regulating the action of the tickler on a sliding necdle-bar, and imparting 
to the latter a “shogging” or lateral motion to remove the stitch by means of the tickler alone. 
This nearly doubled the productiveness of the machine, but Morris, who still held the patent right 
of Butterworth’s invention, sued Else for infringement. 

Thomas Taylor, of Nottingham, invented a machine for making figured lace in 1769, which may 
be regarded as the basis of the idea so successfully developed afterwards by Jacquard. In Taylor’s 
invention, a slide-lever tickler was used to every needle, and those which were desired to work were 
pushed into action by means of an organ-barrel, carrying pins upon its periphery, arranged according 
to the pattern. These acted upon pins at the ends of the tickler-slides which were required, leav- 
ing those not wanted to remain at rest. Any stitch iu the row could thus be moved at pleasure 
and any pattern be produced. 

Hammond, an ingenious workman, improved Taylor’s machine in different points, and made 
upon the modification several varieties of looped fabrics to which he improperly and incorrectly gave 
the name of Valenciennes lace. About the same time, 1768, Crane, an inventor, of Edmonton, 
added a warp-frame to the stocking-machine, which subsequently formed the germ of the warp lace- 
machine. Some unknown person efiected a great advance by devising a plan whereby the stitches 
were removed so as to leave large interstices, which received the name of “ bullet holes,” and these, 
being surrounded with needlework, formed the basis of the subsequent large business of lace-running, 
iu which as many as 150,000 females are stated to have been employed. 

Improvements followed each other in rapid succession, but they were chiefly in small details. 
About 1777, Holmes invented a plan of making what was called “two-plain ” net, and Frost, in the 
same year, brought out the square net, and subsequently flowered net. A great advance was 
effected about this time by the invention of what was called the point-net machine, which is 
attributed to a journeyman stocking-maker named Flint, of Nottingham. Either pressed W 
poverty, or not appreciating the value of his improvement, he sold his invention to a neighbouring 
frame-smith, who effected further improvements, and disposed of the plan to Morris. This machine. 
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further improved by the application to it of an invention of John Bodgers, of Mansfield, laid the 
foundation of the prosperity of the lace trade of Nottingham. By it, was obtained a mesh which 
was perfect in shape, and fast in its texture. The fabric produced from it was subsequently 
embroidered in all sorts of designs, this process finding employment for many thousands of people 
in Nottingham and neighbourhood. The articles produced consisted of edgiugs, insertions, border- 
ings, flounoings, veils, scarves, and other articles required by the fashion of the day. The widtlis 
varied from 1 to 30 in. Owing to changes in fashion, and deterioration of the quality, the lace made 
on this frame rapidly declined in quantity after 1810, and was nearly extinct in 1815. 

The inventions described up to this point for lace-making purposes were all modifications of or 
additions to the stocking-frame. A distinct departure in the principle and style of the machine, 
and from which modern lace machinery has been developed, took place in 1775 by the invention of 
the hosiery warp-machine by Crane, a workman of Edmonton. In this invention, the warp of the 
ordinary loom was introduced, a thread was given to every needle, and tlie looped stitches of the 
stocking-frame were formed upon each. This frame was successively improved by other inventors, 
and so much increased in width, that its productions entered the market in rivalry with ordinary 
woven fabrics, with which they successfully competed for clothing purposes. It is singular that, in 
the present day, the stockinette-machine of Nottingham should threaten to become the successful 
rival of Yorkshire and West of England cloth-looms, yet such is the case. 

The allotment of a thread to every needle greatly increased the capability of varying the mesh 
upon this machine over the hosiery-frame, though twenty years elapsed before the advantage was 
discovered or practical use made of it. About that time, attempts attended with considerable 
success were made to get open work from it with lace effects. These products were highly appre- 
ciated, and gave a great stimvdus to further invention, by which the capacity of the machine was 
still more enlarged, and manufacturers were enabled to produce from it the finest silk-uet lace, s ilk 
blonds and edgings, tattings, pearls, antimacassars, and doyleys, of all qualities and designs, which 
soon became and still remain articles of great consumption in the home and foreign markets. 

The next impAvemeut, and which greatly assisted in giving a distinct character to the lace- 
machine, was accomplished by William Dawson, a framework-knitter, of Leicester. By the device 
of a wheel irregularly notched on its edge, and which in its revolution operates upon horizontal 
bolts or bars, retained in position by springs on their edges, it effects such a displacement of the 
threads by this lateral movement, that a figure is wrought in the fabric according to the required 
design. These wheels are still known by the name of the inventor, who acquired considerable 
means by his invention, but squandered his wealth almost as fast as it was made, and, disappointed 
at not getting a renewal of his patent, died by his own hand. • 

The organ-barrel was the first embodiment of an attempt to obtain variegated productions in 
lace fabrics ; this was followed and improved upon by Dawson's wheels, and finally perfected in the 
jacquard attachment, and the varied forms which the latter, in the hands of succeeding inventors, 
has assumed. 

After the application of Dawson’s wheels to the lace-frame in 1807, improvements followed one 
another in rapid succession. These can only be briefly enumerated. In the last-named year, the 
spotting-bar and wheels were invented ; two years later, two-course silk-net was produced ; and in 
1811, dividing-bars were invented by Daycock and Morrison, which enabled them to make silk 
blonde. In 1816, warp-pearling was introduced by Fowkes and Kirkman. A new net called “ mock- 
twist” next followed; and in 1822, warp-tattings were invented by Copestake and Bead. In 1824 
Hardy succeeded in spotting and figuring the above-mentioned mock-twist Between 1830-5, there 
was a great demand for the productions of the warp-machine, which had attained the front rank of 
fashion, and won the favour of the Queen. 

A most important improvement was made in 1839, when Draper successfully applied the 
jacquard machine to the warp lace-frame, by which its capacity was wonderfully extended, and 
articles of elaborate design, such as shawls, scarves, falls, and laces, were easily produced. Many other 
kinds of fabric besides lace were also made upon the warp-frame, such as elastic woollen cloth, hat- 
band.^, glove-cloth, piece velvet, and velvet pile ornamented lace. Herbert, of Nottino-ham an 
• ingenious man, by successive improvements, made tattings, cords, and braidings. Others followed 
who made taffeta, single and double loop^. The warp lace-machine has been a source of great 
wealth to Nottingham and surrounding district, and has laid the foundation of many considerable 
fortunes amongst those who were best acquainted with its capacity, and knew how to utilize its 
advantages. 

But the most important invention connected with the mechanical production of lace, judoing 
from both its principles and results, was the bobbin- net machine of John Heathcoat. All others'had 
been modifications of the hosiery-machine, making looped fabrics. Much ingenuity, skill and 
Ijioney were expended by different schemers to produce, by mechanical appliances, a perfect imitation 
of pillow-lace. John Heathcoat was a man of rare mechanical genius, and, having formed the 
conception of achieving this result, bent the whole of his energy and skill to its accomplishment. 
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In some pillow-lace, one set of threads extend in a wave-like line longitudinally through the 
fabric, like the warp threads of a plain fabric; the other set take a diagonal course right 
and left, and are twisted round the first set, by which means hexagonal meshes are formed. 
All inventors previous to Heathcoat had been foiled in the attempt to accomplish the diagonal 
traverse of the threads. He achieved this by a plan patented in 1808, in which the bobbins 
were made to traverse the warp from side to side, twisting around the warp threads in their 
passage, and forming an exact and perfect imitation of the net ground of pillow-lace. The machine 
on which this was accomplished was of limited capacity, making lace no wider than could be pro- 
duced on the cushion, while a great desideratum was the production of wide laces that should 
obviate the necessity of joining the narrow strips together. Heathcoat, discovering this, laid his 
first effort aside, and nine months after, patented a second, which quite revolutionized the trade. 
Speaking of this attempt at a subsequent period, he says, “ The value of lace is so much enhanced 
by its being made of greater width, that I was determined to make it even a yard wide. At this 
time (after his first success). I had arrived at the important point that having actually made lace as 
above described, I had satisfied myself that my principles were sound and well based. But I now 
clearly found out that, while half the threads must be active, the other half might be passive, and I 
therefore put the latter on a beam. Having thus fixed the warp to accomplish my wish for making 
wider lace, I tried to bring the threads to twist in a narrower compass. I first tried a machine with 
the bobbins spread out ; then I tried the flat bobbin. The first flat bobbin machine was a single 
tier. I carried up the threads by means of a steeple top on the carriage. Great difficulty was expe- 
rienced in getting bobbins and carriages thin enough, the space in which they were to move being 
80 limited. At last I was driven to the double tier, and thus obtained the requisite space.” This, 
when perfected, became the double-tier “ Old Loughborough machine,” so called from the place 
where it was constructed ; it was able to make lace of any breadth required. This was the first 
successful traverse bobbin-net machine, and brought to its inventor, along with a great amount of 
litigation in order to protect himself from infriugements of his rights, a very handsome competence. 

Like all successful inventors, Heathcoat had numerous imitators, some of whom, by a re- 
arrangement of the parts of his machine, sought to deprive him of the merits and reward of his 
invention; others again, stimulated by his success, sought to improve his machine in many respects, 
or supersede it by entirely new inventions. One of the most successful of the former was Brown’s 
traverse warp-machine. This and several others were successfully worked for some years, owing 
to the discovery of a serious flaw in Heathcoat’s specification, during the progress of a trial in an 
action brought by the latter to' defend his rights. Soon after this, Moore invented a traverse 
warp-machine embodying considerable mechanical skill, which caused an action to be brought 
against him by Brown. The case was tried, and the principal result, though not the one sought, 
was to establish tfie validity of Heathcoat’s invention, and to compel both parties to acknowledge 
his priority, and each as a consequence submitted to pay a royalty to him for the use of their 
machines. The inventor and others continued to work at the improvement of this machine for 
many years, each alteration increasing its capacity or perfecting its work. It has suggested 
many other changes in lace machinery, and in that respect has contributed greatly to the wonderful 
development of the lace manufacturing industry of this country. 

In 1812, a lace-frame was constructed, called the pusher-frame, which with subsequent im- 
provements has been worked with advantage to a considerable extent. It was the invention of Clark 
and Mart of Nottingham. It possessed some special advantages, and is stated to have been a clever 
modification of Heatbeoat’s machine. 

But the most important outcome of the inventive faculty, which was being so extensively uti- 
lized in the Midland districts was the bobbin-net machine of John Levers, another modification 
of the Old Loughborough machine. This appeared in 1813, and from that date to the present 
time has continued in use, and has gained ground over all competing machines to such an extent as 
to have become the leading machine employed in the trade. Levers was originally a frame-smith, 
and, like many others, encouraged by Heathcoat’s success, devoted himself to the improvement of the 
methods in vogue for the production of lace. His success was remarkable, but he did not possess 
the high qualities of personal character that distinguished Heathcoat, and so failed to secure 
corresponding advantages. His machine was subsequently improved by numerous persons, but to 
detail these would be somewhat tedious. A better course will be to describe the machine in its 
present perfected form, as the best representative that could be selected of the mechanical lace 
frame. 

The inventor of the Levers’ lace-frame held the opinion that as it passed oat of his hands it was 
only in its infancy. This was an accurate observation, for what with subsequent improvements, 
and the successful application of the jacquard attachment, its capacity has been extended so greatly, 
that hardly any limit can be put to its power. It is the most delicate of all the lace-making 
machines, its interior parts occupying the smallest space, and requiring the nicest adjustment 
When arranged to make fancy work, it is also the most costly. A 10-point machine is about 
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152 in. in width, has 80 top bars, 400 bottom bars, 54 threading-beams, and a jacquard to enable it 
to produce ornamented laces. The framework is heavy and solid ; its parts are highly finished, 
and its movements accurately adjusted : conditions essential to the satisfactory working of a lace- 
machine. 


In Fig. 888, a general view of the machine with the jacquard attachment is given ; the latter con- 
stitutes the right-hand part of the figure, whilst the left is the lace-frame proper. The frameworks 
of both the machines A A' are massive, strong, and firmly attached to the flooring, in order to 
prevent vibration. Tlie two parts are connected, and both actuated by the shaft B, which is driven 
by a strap on the pulleys c, near which is also fixed a balance- or fly-wheel, designed to secure 
steadiness in working. A shaft D arranged near the top of the back part of the frame carries 
several cams, and hence is called the cam-shaft ; it is driven by means of a connecting shaft and 
wheels at the driving end of the frame. A shaft E extends the length of the frame, and by means 
of the connecting-rod E', is rocked 


by cranks on the shaft B. Move- 
ment is imparted to the jacquard 
from the shaft B, through the 
wheels F. The sectional view. Fig. 
•889, will help to show the move- 
ments. The warp-beams m extend 
across the length of the frame, and 
contain the traversing threads of 
the fabric, each of which passes 
through eyelet-holes on the bars at 
X, and thence are conducted up- 
ward through the plate if and the 
slide-hars y y, and attached to the 
lace-beam 0, which receives and 
winds up the lace as it is made. 
The bobbin in its carriage is shown 
at 6, the thread from which passes 
up to the point s, the centre of 
the arc or oscillatory traverse in 
which the shuttles move. The car- 
riages slide between the comb or 
guide-plates c, and as they pass 
from one comb-bar to the other, they 
necessarily go between the vertical 
warp threads. There is an angle-bar 
at M, and a corresponding one on 
the opposite part of the frame; 
these receive the carriages, which 
protrude through the comb-bar, as 
they pass through the warp threads, 
and are called landing-bars. The 
oflice of these bars is to receive the 
carriages, and diminish the friction 
that would otherwise arise from 
their large number, amounting to 
nearly 3000 in a frame of this de- 
scription and width. Each land- 
ing bar has aflixed to it at L a catch- 
bar, having a strip or blade which 
falls into slots / of the carriage 
Fig. 890, by which means the whole 
of the carriages are drawn across. 
On being returned to the oppo- 
site side, the catch-bar pushes them 



forward until within reach of the bar on the other side, the blade of which drops into the groove ; 
the bar being withdrawn, brings with it the carriages. By these means, the carriages are trans- 
ferred from one side to the other. The advance and recession of the landing- and catch-bars are 
accomplished by means of the rocking-shaft E, Fig. 888. These constitute the movements of the 
bobbins carrying the longitudinal threads of the fabric. " 


The traversing or warp threads are operaterl very dififerently. From the beams w, they are 
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conducted through the eyelets x upward, through the plate N, thence through the slide-bars y, 
whence they pass upward, and are attached to the lace-beam G. The slide-bars y are perforated 
to receive the threads. There are 100 of these bars in a machine such as represented here, and the 
threads are concentrated in them in seta or stops, as required by the design, and it is from these 
that the designer measures the distance that the threads must be deflected or drawn aside by the 
action of the jacquard. 

The lace-machine jacquard is specially constructed for the purpose, and differs in nearly all 
its details from that used in ordinary weaving. Each thread having to be moved through a 
known yet varying space, this is accomplished by using a series of wedges differing in size, which, 
being inserted between a sliding bar and a stud fixed upon each of the slides, is enabled by the 
movement of the bar to push the slide a distance corresponding to tlie size of the wedge which is 
adapted to the requirement of the pattern. The series of wedges consists of five : by the use of the 
first, the threads in the slides can be deflected over the space occupied by one bobbin in its carriage ; 
by the second, two such spaces can be traversed ; by the third, four ; by the fourth, eight ; the fifth 
being a repetition. The series thus stand in this order, 1, 2, 4, 8, 8 ; by the use of these, the warp 
threads can be deflected over any number of these “gates ” from one to sixty-four. 

The slide-bars (6, Fig. 888) are thin strips of fine steel, and contain holes for the passage 
through them of the warp threads. They are so thin that 100 do not occupy the space of an inch 
when set edgeways, the way they work, and yet allow space between them for the passage and 
deflection of the threads. The extremities away from the jacquard are attached to spiral springs, 
the opposite ones being connected with the slides of the jacquard, which move freely in sustaining 
guide-bars. Each bar at its extremity is furnished with a vertical projection or hook, which is for 
the purpose of preventing the spiral springs drawing them too far back after the action of the 
jacquard, the sustaining guide-bars arresting them at this point. Eacli bar also possesses two studs 
on its upper edge. The bare move simultaneously in opposite directions, according to requirement, 
and whilst in movement, have the wedges inserted between in such order ns may be requisite ; these 
are regulated by the action of the two series of cards T T', one being all the odd numbers, and the 
other the even. The jacquard possessing a double action enables the speed of every part to be 
accelerated in proportion, the pace being double that of the single action. The cylinders are worked 
in the ordinary manner, and the wedges are fixed on the ends of thin flat springs, and have their 
lower ends made round in order to pass through the holes in the cards when required. The card- 
cylinders are actuated by a rocking-shaft, which alternately raises and lowers them for the purpose 
of changing the cards. The cylinders, as they rise, r.iise the two series of wedges, unless the cards 
present perforations into which their lower extremities enter. The cards are numbered on their 
margins, showing the spaces over which the sliding-bars operated by them can be moved, and which 
figures indicate the wedges that are required to be raised by them, either singly or in combination. 
The cylinders and wedges have also a lateral movement in connection with the slide-bars, which is 
arranged in order to keep the wedges in position. The slidds are shown in Fig. 888, fitted between 
the cross-bars K R', which are actuated by cams fixed on the shaft driven by tlie gearing F. A 
pair of these bars are fitted to each side of the jacquard, and the slide-bars m are mounted upon 
the top. The spiral springs g are for the purpose of returning the slides to the first position, after 
the revolution of the cams. The compound jacquard has lately come into wide use ; it has a third 
set of c.ards for working the “ thick ” threads that outline the patterns. The cards of the jacquard 
are about 30 in. long by 2i in. broad, and contain as many rows of holes as there are needles of 
the jacquard, with the addition of those required to form the selvages at each side of the lace web. 

Each thread in a fabric of lace has a separate beam or bobbin ; and both are nicely 
regulated, so that the pace or delivery of the yam shall not be greater than tlie requirement. 
The beams, of which there may be 100, or any other number according to the quantity of tlireads 
required to form the pattern, have a small pulley fixed upon one end, around which a cord i.s passed 
one or more times, according to the amount of tension that may be needed, to the end of wliich a 
weight is attached, or it may be secured by a spring. The beams are tin tubes about 14 in. in 
diameter, having small gudgeons at each extremity, on which they revolve. According to the 
number of times the pattern is repeated in a breadth of lace, or the number of separate breadths 
that may be produced at a time, will be the number of beams; for, should it be a narrow edo-e or 
insertion lace which requires 100 warp threads, and there are say 60 breadths being woven the 
corresponding threads in each pattern, requiring to be delivered alike in each instance, can be all 
put upon one beam, and thus the 6000 threads in 60 patterns may be accommodated upon 100 beams 

The other threads are individually provided for, being wound upon bobbins, which are 
formed of two thin discs of brass, about 2 in. diameter, joined by pins, and having a very small space 
between for the reception of the thread. When the bobbin is placed in the carnage, the end of the 
thread is drawn from it, and passed through a small hole as at h. Fig. 890, which shows the 
Carriage and bobbin together. The former is made of thin steel, highly polished, cut in the shape 
shown, and having a circular hole in the centre for the bobbin. On the lower half of the circle, a thin 
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flange c is adapted to flt between the discs of the bobbin, in order to secure it in position. The 
spring s, which is riveted into the carriage at n, has a projection or nib at k, which, passing between 
the discs, and pressing the bobbin upon the flange c, imparts the necessary tension to the thread as 
it is drawn off the bobbin. When the bobbins are filled, they are subjected to heat and pressure, 
wliicli removes any slight inequality 
in thickness that may arise from filling, 
or other incidental causes. The bob- 
bins are filled by placing them upon 
a spindle fitting the hole in the centre, 
and contain from 100 to 150 yards of 
thread, or more, according to fineness. 

The section of the carriage is shown 
much thicker than the reality, in order 
better to display its structure. The 
outline shows the carriage as a whole. 

The bottom part 5, as will be seen in 
the section, is made thinner in order to 
pass easily between the divisions of 
the combs. The hooks / are termed 
drawing-hooks, being those into which 
the blades of the catch-bars drop, 
when the carriages are being passed 
through the warp, and drawn upon the landing-bars. The holes e are for the purpose of facilitating 
the withdrawal of the carriages when the bobbins are nearly empty. A wire is passed through the 
holes of a large number, and several hundred at a time are lifted from the frame. 

In operation, as the bobbins pass to and fro through the warp threads, around which the threads 
they carry are twisted, it is necessary that the por- 
tions of lace thus formed should be removed from 
the way of succeeding operations. This is accom- 
plished by the action of the point or fork-bar K 
(Fig. 889) inserted into the warp beneath the twist- 
ing formed upon the threads, and then by the 
action of the cranks and levers is made to pull to- 
gether in an upward direction the twisted threads, 
in order that the process may be continued. There 
are two of these combs acting alternately, as shown. 

After each movement, they are completely with- 
drawn, in order to be out of the way of the lateral 
movement of the warp threads. 

A simple illustration will dispense with a lengthy 
explanation. In Fig. 891, is a representation of five 
threads suspended from a rod A. The warp thread 
a has only a slight tension put upon it, compared 
with that upon the others. The four 'bobbins e, 
holding the remaining portion of the threads 6, are 
intended to be represented as oscillating in the direc- 
tion of the curved lines beneath them, the point from 
which they move being in a vertical line from the 
point from which they are suspended. These threads 
in a state of oscillation represent the motion of the 
carriages containing the bobbin threads when the 
machine is at work. Whilst the threads oscUlate 
without any movement of the thread a, no effect is 
produced, the threads retaining the same relation- 
ship as before. But if, during the oscillation of the 
four threads 5, the thread a be drawn laterally across 
the line being traversed by the bobbins, it will 
become twisted round the threads b. In this 
manner, the various threads round which the thread 
a has been twisted correspond to the lateral extent that it has been moved at each oscillation of the 
threads b. The function of the fork or comb has been previously explained. After each twisting, 
the greater tension of the threads b causes the thread a to be retained in the position to which it has' 
been drawn, it not having power to deflect the threads 6. Fig. 892 shows the effect that would 
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result from the relative tensions of the above-mentioned being reversed. The threads I are, after 
eacli oscillation, drawn completely aside by the greater tension upon the thread a, and the whole 
structure of the fabric is thus changed. It therefore depends largely upon nice adjustment of the 
tensions upon the two seta of threads in relation to each other for perfect embodiment of a design. 
Ordinary laces draw the yarn mostly from the warp threads ; high classes, from the bobbins. 

A lace web, as it appears in the frame in the process of manufacture, presents a very different 
aspect to what the same fabric does wlien taken out of the machine. One set of threads, those from 
the bobbins, assume a longitudinal order, and appear scarcely deflected from a straight line, whilst 
the warp threads are inteilaced with the preceding, as seen in Fig. 891. When the fabric is taken 
out of the frame, and all tension is removed, the meshes assume the form of the design, and show 
its beauty, though not to the full extent. 

The Levers’ lace-machines are made from 5- to 15-point in gauge. A 10-point requires 20 warp 
threads per in. to produce traversed net, which needs a full warp. In this, there will be 20 
bobbins and carriages per in., in the single tier on the central comb-bar. In making fancy goods, 
there will be thick threads moved a greater or less distance sideways in addition. Of these, there 
may be from 40 upwards in an inch. The machine makes about 100 “ shogging” or lateral move- 
ments of tlie warp threads, and the twisting movements of the weft threads as they pass backward 
and forward or through and around the warp threads, which makes about one inch of lace per 
minute. The bobbins and carriages are driven at this pace through the maze of tight and for the 
most part very fine threads of cotton or silk, or even untwisted filaments of the latter, in spaces of 
jij— j'jj in., according to the gauge, working side by side, clear of each other and of the threads 
through which they pass, and which threads have all, between each movement of the carriages, 
been themselves moved particular intervals through which the carriages 

pass. Were the least irregularity to occur in this lateral movement, the threads would all be broken, 
and the machine injured. 

As this is being written, great efforts are being made in Paris to introduce a new lace-machine, 
which is said to imitate the work of the pillow-lace maker much more perfectly than any previous 
machine has done. Having scarcely got beyond the experimental stage, it cannot receive further 
notice here. 

The subsequent processes through which lace fabrics usually pass are gasing, bleaching, and 
finishing. By the first, all the loose, fibrous portion of the threads is singed off in passing over 
or through gas-jets, so arranged as not to injure the fabric. Bleaching restores the colour, which 
has suffered from contact with the parts of the machine in the process of working. Dressing is the 
final operation to which lace is subjected. In this, it is sought to extend the meshes to their 
proper shape, and by the application of a mixture of gum, starch, or other sizing compounds, to 
stiffen it so as to prevent its collapse, and enable it to exhibit the form and design intended. 

This section, the mechanical branch of the lace manufacture, owes its origin, to and still 
flourishes principally, in this country. English-made machinery has, however, been exported to a 
considerable extent, and still continues to go abroad, so that it is not improbable that new centres 
of the industry may be in course of formation which will at some future day, to a larger extent than 
at present, share with ns the task of supplying the demand for mechanically produced lace. 

The following statistics relating to this branch of the lace trade are taken from the most recent 
government Keturns. They refer strictly to those portions which come under the regulations of the 
Factory Acts, and are subject to inspection. In this respect, they are an inadequate return. As 
many of the subordinate processes can be carried on either at home, or in buildings which do not 
come under factory regulations, these are omitted. If included, they would bring the number of 
employe's here given to an aggregate fully 4-4i times as great. 


Summary op Lace Factories, 1879. 


Counties. 

Ri^gistration 

Number 

Number 

of T noe 

Number of Persons Employed. 

Districts, 

iFactories, SLachines. 

1 

; Males. 

Females. 

Total. 

Wilts, Dorset, Devon, Cornwall, andl 

Somerset / 

Leicester, Rutland, Lincoln, and) 

Nottingham / 

Derby 

Gloucester, Hereford, Salop, Staf-\ 
ford, Worcester, and Warwick / 

Scotland. Ireland (none) 

South Western 

North Midland 

1 ” 

I West Midland 

South Western 

1 1 

4 

237 

37 i 
4 1 
1 ; 

1 

693 

4,757 

743 

72 

18 

905 

2,234 

616 
^ 144 

27 

1,598 

6,991 

1,359 

216 

45 

Total for 1879 

1 

283 1 


6,283 

3,926 

10,209 

Corresponding returns for 1874 j 

! 

311 ; 

3,462 

6,945 ! 

3,428 

10,373 
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From these figures, it will be seen that, during the five years which elapsed between the returns, 
there had been a small decline in the number of factories, and of the persons employed in the 
industry; but probably th's was only a temporary fallingoff, owing to the severe depression of trade 
from which the country was suffering at the time the latest return was made. Of closed establish- 
ments, the enumerators took no account. Unfortunately there is also another important omission in 
the fact that no enumeration was made of the machinery, as in 1874. E. M. 

LEATHER (Fr., Cuir; Gee., Lcder). 

The manufacture of leather is of very considerable importance, the capital invested in it in the 
United Kingdom having been some years since estimated at 30,000,000/. It is, however, very 
difficult to obtain any reliable statistics on the subject, the trade being now entirely free from excise 
restrictions, which were removed in 1830, when the duty realized amounted to 411,000/. Some idea 
of the expansion of the trade may be formed from the fact that while at that date the total export 
of leather and saddlery of British manufacture amounted to less than 200,000/., during the year 
1880, it was upwards of 3,300,000/. 

The only information within reach as to the present extent of the trade is that which may be 
derived from the Board of Trade Eeturns of imports and exports, and from this it is exceedingly 
difficult to draw any definite conclusions, since large quantities of both leather and hides imported 
are re-exported, either in their rough condition or after manufacture. During the year 1880, the 
imports into the United Kingdom included upwards of 45,000,000 lb. of leather, in addition to 
657,262 cwt. of dry hides, and 592,249 cwt. of salted. In the same period, were exported 346,554 cwt, 
of dry, and 85,213 cwt. of salted hides, leaving 310,708 cwt. of dry, and 507,036 cwt. of salted hides 
for tannage, in addition to the cattle killed in the United Kingdom. Of these, there were 343,659 
imported, besides the very large number reared at home. 

The principal sources of the leather imported into the United Kingdom are America, Australia, 
and the E. Indies, the two former sending sole-leather, and the latter the small hides known as 
“ E. India tanned kips,” which are used for dressing and insole purposes. Of these, 1,691,749 were 
sold in 1877, and 1,998,543 in 1878 ; but only 1,094,984 in 1879, and 846,267 in 1880. 

The principal seats of the heavy sole-leather manufacture from salted hides are Bristol and 
■Warrington ; light sole-leather is largely made in Bermondsey ; while Leeds is famous for the 
tannage of E. India kips. Tanning is, however, by no means confined to these districts, many 
important tanneries being scattered over the country. 

Leather manufacture may be broadly divided info two stages : “ tanning,” in which the raw 
hide is converted into the imputrescible and more or less fiexible material known as “ leather ” • 
and “currying,” in which this leather is further manipulated, and treated with fatty matters, to 
soften and render it more waterproof, and to improve its appe:rranee. Glove-kid, and certain other 
leathers, however, are not tanned at all, but “ tawed,” or prepared with a mixture in which alum 
and salt are the most active ingredients ; and many leathers can scarcely be said to be curried 
although more or less oil is used in tlie final processes of “finishing” or “dressinc'.” Tlie first 
subject to be treated of in this article will be the operation ot tanning, properly so called, takin*^ 
for example the tannage of sole- and belting-leather. This demands thorough explanation,’in both 
its practical and theoretical aspects, not only because it is one of the most important branches of 
the trade, but because the principles involved are those which equally underlie all other tannin°^ 
methods. The next to be dealt with will be the modifications of tlie process which are necessary 
in tanning the more flexible leathers used for boot-uppers, hose-pipes, and saddlery purposes ; 
then the currying of these leathers; and finally, the manufacture of moroccos, Eussian, and 
japanned leathers, and calf- and glove-kid. 

Anatomical Structure of Hide. — Before speaking of actual processes of manufacture, it is necessary 
to devote some attention to the structure and chemical constitution of hide or skin, which forms 
the raw material Although a great variety of skins are employed in tanning, they are all con- 
stituted on the same general type, and an anatomical description of the hide of the ox will apply 
almost equally to those of the calf, sheep, and goat : but from differences in thickness and closeness 
of texture, their practical values differ widely. Fig. 893 shows a section of ox-hide, cut parallel 
with the hair, magnified about 50 dia. : a, epithelial layer or epidermis, consisting of horny layer 
above, and rete malpiijhi below ; i, pars papillaris, and c, pars reticularis of corium, derma, or true 
skin ; d, hairs ; e, sebaceous or fat-glands ; /, sudoriferous or sweat-glands ; g, opening of ducts 
of sweat-glands; h, erectores pili muscles, for erecting the hair. 

The fresh hide consists of two layers; an outer, the epidermis; and an inner, the true skin. 
The epidermis is very thin as compared with the true skin which it covers, and is entirely 
removed preparatory to tanning ; it nevertheleas possesses important functions. It is shown in 
Fig. 893 at a, and more highly magnified in Fig. 894. Its inner mucous layer h, the rete malpighi, 
which rests upon the true skin c, is soft, and composed of living nucleated cells, which are 
elongated in the deeper layers, and gradually become flattened as they approach the surface,’’ 
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where they dry Bp, and form the homy layer a. This last is being constantly worn away, and 
thrown off as dead scales of skin; and as constantly renewed from below, by the continued 
multiplication of the cells. It is from this epithelial layer that the hair, as well as the sweat- and 
fat-glands, are developed. It will be seen in Fig. 893 that each hair is surrounded by a sheath, 
which is continuous with 
the epidermis. In em- 
bryonic development, a 
small knob of cells forms 
on the under side of the 
epidermis, and this en- 
larges, and sinks deeper 
into the true skin, while 
the root of the young 
hair is formed within it. 

Smaller projections also 
form on the stalk of the 
knob, and in due time 
produce the sebaceous 
glands ; this is shown in 
Fig. 895, a 6. The pro- 
cess of development of the 
sudoriferous glands is 
very similar to that of 
the hairs. There is a great 
analogy between this pro- 
cess and that of the or- 
dinary renewal of hair in 
the adult animal. At d\ 

Fig. 893, is seen an old 
and worn-out hair. It is 
shrunken and elongated, 
and is almost ready to 
fallout. It will be noticed! 
that its sheath or follicle, projects somewhat below the hair to stage of the right. This is the first 
production of a young hair, and is quite analogous to the knob of epithelium which has been 
described as forming the starting point of a hair in the embryo. At d", the same process is seen 
further advanced, the young hair being already formed, and growing up into the old sheath. At 
d'", it is complete, the old hair having fallen out, and the young one having taken its place. 
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The hair itself is covered with a layer of overlapping scales, like the slates on a roof, but of 
irregular form. These give it a serrated outline at the sides, strongly developed in wool. Within 
these scales, which are sometimes called the “ hair cuticle,” is a fibrous substance, which forma 
the body of the hair ; and sometimes, but not always, there is also a central and cellular pith 
which is mostly transparent, though under the microscope it frequently appears black and opaque' 
from the optical effect of imprisoned air. On boiling or long soaking in water, alcohol or 
turpentine, these air-spaces become saturated with the liquid, and then appear transparent. 

The fibrous part of the hair is made up of long spindle-shaped cells, and contains the pi<»ment 
which gives the hair its colour. The hair of the deer differs from that of most other animals in 
being wholly formed of polygonal cells, which, in white hairs, are usually filled with air. At 
its base, the hair swells into a bulb, which is hollow, and rests on a sort of projectino- knob of 
the cormm called the hair-papilla. This has blood-vessels and nerves, and supplies nourishment 
•to the hair. The hair-bulb is composed of round, soft cells, which multiply rapidly; as they 
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grow, they press npward through the hair-sheath, become elongated and hardened, and form the 
hair. In dark hairs, both the cells of the hair itself and those of its follicle or sheath are 
strongly pigmented, but the hair much the more so, and hence the bulb has usually a distinct dark 
form. The dark-haired portions of a hide from which the hair has been removed by liming still 
remain coloured, from the pigmented cells of the hair-sheaths, which can only be got out by hating 
and scudding. The cells outside the bulb shown at /, in Fig. 896, pass upwards as they grow, 
and form a distinct coating around the hair, which is called the “inner root-sheath.” This again 
consists of two separate layers, of which the inner is “Huxley’s,” the 
outer, “ Henle’s.” They arise from the same cells in the base of the 
hair; but in the inner layer, these remain polygonal and nucleated, 
while in the outer, they become spindle-shaped and without nuclei. 

The inner root-sheath does not extend to the surface of the skin, but 
dies away below the sebaceous glands. This figure represents an ox- 
hair root, mag. 200 dia. : a, fibrous substance of hair ; b, hair cuticle ; 
c, inner root-sheath ; d, outer root-sheath ; e, dermic coat of hair- 
sheath ; /, origin of inner sheath ; g, bulb ; A, papilla. 

Outside the inner root-sheath is a layer of nucleated cells, con- 
tinuous with those of the epidermis, and of the same character. This 
is the “outer root-sheath,” and is shown at d. Fig. 896. This, together 
with the whole of the epidermis, is covered next the corium with an 
exceedingly fine membrane, called the “ hyaline ” or glassy layer. 

The whole of the hair-sheath is enclosed in a coating of elastic and 
connective-tissue fibres, which are supplied with nerves and blood- 
vessels, and form pait of the corium. Near the opening of the hair- 
sheaths to the surface of the skin, the ducts of the sebaceous or 
fat-glands (e. Fig. 893), pass into them, and secrete a sort of oil to 
lubricate the hair. The glands themselves are formed of large nucle- 
ated ceUs, arranged somewhat like a bunch of grapes; one is shown 
highly magnified in Fig. 897 : a, sebaceous gland ; 6, hair-stem ; c, part 
of erector pili muscle. The upper and more central cells are most 
highly ohMged with fat, which is shown by the darker shading. 

As already remarked, the sudoriferous or sweat-glands are also 
derived from the epidermis layer. They are shown at /, Fig. 893, and on a larger scale (200 dia.) 
in Fig. 898 ; a, windings laid open in making section ; they consist, in the ox and sheep, of a 
large wide tube, sometimes slightly twisted. In this, they differ considerably from those of man, 
which form a spherical knot of extremely convoluted tube. The walls of these glands are formed 
of longitudinal fibres of connective tissue of the corium, lined with a single layer of large nucleated 
cells, which secrete the perspiration. The ducts, which 
are exceedingly narrow, and with walls of nucleated 
cells like those of the outer hair-sheaths, sometimes 
open directly through the epidermis, as shown at g, but 
more frequently into the orifice of a hair-sheath, just at 
the surface of the skin. Each hair is provided with a 
slanting muscle (/>, Fig. 893), calle 1 the arrector or 
erector pili, which is contracted by cold or fear, and 
causes the hair to “ bristle,” or stand on end ; by forcing 
up the attached skin, it produces the effect known as 
“goose-skin.” The muscle, which is of the unstriped or 
involuntary kind, passes from near the hair-bulb to the 
epidermis, and just under the sebaceous glands, which it 
compresses. 

The corium or true skin is principally composed of 
interlacing bundles of white fibres, of the kind known 
as “ eoimective tissue ” ; these are themselves composed 
of fibrils of extreme fineness, cemented together by a 

substance of different composition from the fibres themselves. This may be demonstrated by 
steeping a small piece of hide for some days in a stoppered bottle in lime-, or baryta-water, 
in which the interfibrillar substance is soluble, and then teazing a small fragment of the 
fibre with needles on a glass microscope-slide, and examining with a power of at least 200- 300 
dia. In the middle portion of the skin, these bundles of fibre are closely interwoven ; 
but next the body, they gradually become looser and more open, forming the pars reticularis 
(or nette<l part) ; and the innermost layer is a mere network of loose membrane, generally-, 
loaded with masses of fat cells. It is this which is removed in the “ fleshing ” process. On the 
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other hand, the outermost layer, just beneath the epidermis, is exceedingly close and compact, 
the fibre-bundles that run into it being separated into their elementary fibrils, which are 
so interlaced that they can scarcely be recognized. This is the pars papillaris, and forms the 
lighter-coloured layer, called the “grain” of leather. It is in this part that the fat-glands are 
embedded, while the hair-roots and sweat-glands pass through it into the loose tissue beneath. 

Besides the connective-tissue fibres, the skin contains a small proportion of fine yellow fibres, 
called “ elastic ” fibres. If a thin section of hide be soaked 
for a few minutes in strong acetic acid, and then examined 
under the microscope, the white connective-tissue fibres become 
swollen and transparent, and the yellow fibres may then be 
seen, as they are scarcely affected by the acid. The hair-bulbs 
and sweat- and fat-glands are also rendered distinctly visible. 

The nerves of the skin are very numerous, each hair being 
supplied with fibres passing into both the papilla and sheath. 

They also pass into the skin papillse. They cannot readily be 
seen, without special preparation, and so far as is known, 
exercise no influence on the tanning process. “ Breaking the 
nerve ” is a technical term, which signifies a thorough stretch- 
ing and softening of the skin, but has nothing to do with nerves 
properly so called. The blood- and lymph-vessels are, from the 
present point of view, somewhat more important. They may 
often be seen in sections, and are lined with nucleated cells, 
similar to those of the glands. These are surrounded by 
coatings of unstriped muscular fibre, running both around and 
lengthways, and also by connective-tissue fibres. In the arteries, 
the muscular coating is much stronger than in the veins. 

It may be thought tliat the space above devoted to the 
anatomical structure of the skin is disproportionately large ; but 
th^re can be no doubt that, in order to make improvements, nothing is of more importance than a 
clear conception, even to the smallest details, of the materials and causes to be dealt with. The 
illustrations are from actual specimens, and enable the various parts of the liide to be identified 
under the microscope, which instrument is destined to play a most important part in the develop- 
ment of tanning. 

If it be required to see how far the cellular structure of the hide, such as hair-sheaths and fat- 
glands, are affected or destroyed in any stage of liming or bating, the following ready method may 
be employed. If a strip of hide be cut | through from the grain side, as shown at a in Fig. 899, and 
the flap be turned down, and held between the finger and 
thumb, the fibrous tissue will be put on the stretch, and 
will then allow a moderately thin shaving (including the 
grain and parts immediately helow it) to be cut by a sharp 
razor. The hide should be held in the position shown, and 
a steady drawing cut be made from flesh to grain, the 
razor being steadied on the tip of the forefinger, and its 
hollow surface flooded with water. If the thin section be 
now placed on a glass slide, moistened with a drop of water, 
and examined on the microscope under a strong light from 
above, with a 1-in. objective, the fat-glands will he seen as 
yellow masses, embedded in the white fibrous tissue. If a 
drop of a mixture of equal vols. of strong acetic acid, 
glycerine, and water be used to moisten the section, the 
fibrous tissue will become quite transparent, and whatever 
remains of the cellular tissue will be easily visible, and may 
even be studied under tolerably high powers if covered with 
a thin glass, and lighted by the mirror from below. 

The same method is applicable for ascertaining the com- 
pleteness of the tannage of leather, and to decide whether 
the hide fibre is really tanned, or only dyed. Actually 
tanued leather is unaffected by the acetic acid, but raw or only stained hide swells and becomes 
transparent. 

To prepare the very thin sections necessary for detailed study of the hide, more complicated 
methods are required. Small slips of hide, not exceeding J in. wide, and cut directly across the 
Jie of the hair, are placed first in weak alcohol (methylated spirit and water), and, after a few 
hours, are removed into strong methylated spirit. In 24 hours, the hide is hard enough to give fine 
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shaTings, and may be cut either when held as above described, or when embedded in paraffin 
wax. The razor must be wet with alcohol, and the section be made exactly in the plane of the 
hair-roots, which may be seen with a hand-lens. The slices may now be stained by placing them 
in a. watch-glass with water and a few drops of the logwood or piorocarmine staining-mixtores 
sold by opticians, and afterwards either examined in glycerine, or, after soaking some hours in 
absolute alcohol, may be transferred to clove-oil, and afterwards to a slide, and covered with a drop 
of dammar varnish and a cover-glass for permanent preservation. If piorocarmine be used, the 
connective-tissue fibres (gelatinous fibres) and the nuclei of the cells will be coloured red, and the 
cells themselves of both epidermis and glands, together with the muscles and elastic fibres, will be 
yellow. 

For further information, the reader is referred to microscopic manuals, such as Schaefer’s 
* Practical Histology.’ Some important researches on the structure of hide, and its modification 
in tanning, have been made by F. Kathreiner, of Worms, who has invented refined and convenient 
methods of microscopic research, specially adapted to the purpose. Particulars of these are in 
course of publication. 

Chemical Composition of Ride . — ^The chemical composition of skih is very imperfectly understood. 
The bulk of the skin is, as has long been known, converted by boiling into gelatine or glue. 
The yellow fibres and cellular tissue remain nndissolved. Muntz, who made some interesting 
researches on the subject, found that completely dried hide contained — 3 '086 per cent, of cellular 
tissue insoluble in hot water, 1‘058 of fat. O' 467 of mineral matter, and 95 '395 of matters soluble 
in hot water. Miiutz counts the whole of the tissue soluble in hot water as converted into glue ; 
but this is not strictly the case. Gelatine is not identical with the fibre of the hide, which is only 
converted into it by boding. The nature of the change is not well understood ; but it is either 
simply molecular, or depends on the addition of one or more molecules of water. Eaw hide, ' 
nnhaired and purified, contains, according to Miintz — carbon, 51 '43 per cent.; hydrogen, 6'64; 
nitrogen, 18 • 16 ; oxygen, 23'06; ash, 0'71 ; while gelatine has, according to Mulder — carbon, 
50'lperoent.; hydrogen, 6'6 ; nitrogen, 18 '3. Probably, however, neither substance was quite pure. 

Gelatine is insoluble in alcohol, ether, and cold water, but swells in the last. It is soluble in 
hot water, but is reprecipitated on the addition of a sufficient quantity of alcohol. This reaction 
is common to gum, dextrine, and other snbstanoes. Moist gelatine exposed to the air rapidly 
putrefies. It first becomes very acid, from formation of butyric (and perhaps other) acids, but 
afterwards alkaline, &om evolution of ammonia. Boiled with concentrated pot^h, it yields lencine, 
glycocine (sugar of gelatine), and other substances. 

The same products are obtained by boiling with sulphuric acid, and probably also more 
gradually, and in greater or less proportions, by the prolonged action of lime or barium hydrate, 
by putrefaction, and by any other influence which tends to resolve the gelatine molecule into its 
simpler parts. Gelatine is precipitated by all tannins, even from very dilute solution. A solution 
containing parts is rendered turbid by infusion of gall-nuts or gallotannic acid. The 

precipitate is soluble in excess of gelatine. Solution^ gelatine dissolves considerable quantities 
of phosphate of, lime, hence this is always largely present in common glue. It is not precipitated 
by ferrocyanide of potassium, by which it is distinguished from albuminoids, and it differs from 
albumen in not being coagulated by beat. On the contrary, by prolonged boiling, glue loses the 
property of gelatinizing, but is not altered in composition. 

The connective-tissue fibres are partially converted into gelatine by the action of strong acids 
and alkalies, as well as by heat. By weak acids, they are swollen and gradually dissolved, and 
Beimer has found that the fibrous material may be reprecipitated by lime-water. It foi-ms an 
irregular fibrous mass, which has not the sticky feel of gelatine, but is at once converted into the 
latter by boiling. Eollet has demonstrated that when hide and other forms of connective tissue 
are soaked in lime- or baryta-water, the fibres become split up into finer fibrils, and as the action 
proceeds, these again separate into still finer, till the ultimate fibrils are as fine as can be dis- 
tinguished under a powerful microscope. At the same time, the alkaline solution dissolves the 
substance which cemented the fibres together, and this may be recovered by neutralizing the 
solution with acetic acid, when it comes down as a flocculent precipitate. This was considered 
by Eollet as an albuminoid substance ; but Eeimer has shown that it is much more closely allied 
to the gelatigenous fibres, if indeed it is not actually produced from them by the action of the 
alkaline solution. Keimer used limed calf skin for his experiments, and subjected it to prolonged 
cleansing with distilled water, so that all soluble parts must have been pretty thoroughly removed 
beforehand. He then digested it in closed glasses with lime-water for 7-8 days, and precipitated 
the clear solution with dilute acetic acid. He found that the same portion of hide might be used 
again and again, without becoming exhausted, which strongly supports the supposition that it is 
merely a product of the partial decomposition of the hide fibre. The substance, which he called 
“ coriin,” was purified by repeated solution in lime-water, and reprecipitation by acetic acid. It was • 
readily soluble by alkalies, but insoluble in dilute acids, though in some cases it became so swollen 
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asd finely divided through the latter aa to appear almost as if dissolved. It was, however, very 
soluble in common salt solution of about 10 per cent., though it was precipitated both by the 
addition of much water, and by saturating the solution with salt. Eeimer found that a 10 per cent, 
salt solution was equally effective with lime-water in extracting it from the hide, and that it was 
partially precipitated on the addition of acid, and completely on saturating the acidified solution 
with salt. Other salts of the alkalies and alkaline earths acted in a similar manner, so that Eeimer 
was at first deceived when experimenting with baryta-water, because, being more concentrated than 
lime-water, the coriin remained dissolved in the baryta salt formed on neutralizing with acid, and 
it was necessary to dilute before a precipitate could be obtained. The slightly acid solution of 
coriin gave no precipitate with potassium ferrocyanide, nor was it precipitated by boiling, being 
thus distinguished from albuminoids. The neutral or alkaline solution was not precipitated by 
iron or mercuric chloride, copper sulphate, nor by neutral acetate of lead ; but was precipitated by 
basic lead acetate, basic sulphate of iron, and excess of tannin. Its elementary composition is— 
carbon. 45-91; hydrogen, 6 ' 57 ; nitrogen, 17' 82 ; oxygen, 29 ■ 60 ; and Eeimer proposes the foUow- 
ing equation as representing its relation to hide fibre : — 

Hide fibre. Water. Coriin. 

^39^d6^I0^12“KO + 2 H 2 O = ^^30^S0^i0^I5* 

Hide Albumen. — The fresh hide, besides this coriin (which, very possibly, is only evolved by 
the action of the lime), contains a portion of actual albumen, viz. that of the blood serum and of the 
lymph, which is not only contained in the abundant blood-vessels, but saturates the fibrous 
connective tissue, of which it forms the nourishment. This albumen is mostly removed by the 
liming and working on the beam, which is preparatory to tanning. Probably for sole-leather, the 
albumen itself would be rather advantageous if left in the hide, as it combines with tannin, and 
would assist in giving firmness and weight to the leather. It is, however, for reasons which will 
be seen hereafter, absolutely necessary to get rid of any lime which may be in combination with it. 
The blood also must be thoroughly cleansed from the hide before tanning, as its colouring matter 
contains iron, and, in combination with the tannin, wonld give a bad colour. 

The reactions of blood and lymph albumen are very similar to those of ordinary white of egg. 

It is precipitated by strong mineral acids, especially nitric, and also by boiling. The precipitate 
produced by strong hydrochloric acid re-dissolves by the aid of beat to a blue or purple solution. 
Tribasio phosphoric, tartaric, acetic, and most other organic acids, do not precipitate moderately 
dilute solutions of albumen, but convert it into a sort of jelly, which, like gelatine, does not coagulate, 
but liquefies on heating. It is precipitated by neutral salts of the alkali metals. Albumen 
slightly acidified (with acetic acid) is precipitated by potassium ferrocyanide. 

Elastic Fibres. — The elastic or yellow fibres of the hide are of a very stable character. They 
are not completely dissolved even by prolonged boiling, and acetic acid and hot solutions of 
caustic alkalies scarcely attack them. Probably they do not combine with tannin, and are very 
little changed in the tanning process. 

The hair, epidermis, and glands are, as has been seen, all derived from the epithelial layer, and 
hence, as might be inferred, have much in common in their chemical constitution. They are all 
classed by chemists under one name, “keratin,” or homy tissue, and their ultimate analysis shows 
that in elementary composition they nearly agree. It is evident, however, that the homy tissues 
are rather a class than a single compound. 

The keratins are gradually loosened by prolonged soaking in water, and, by continued boiling 
in a Papin’s digester, are dissolved to an extract which does not gelatinize on cooling. Keratin is 
dissolved by caustic alkalies ; the epidermis and the softer homy tissues are easily attacked, while 
hair and horn require strong solutions and the aid of heat to effect complete solution. The caustic 
alkaline earths act in the same manner as dilute alkaline solutions ; hence lime easily attacks the 
epidermis, and loosens the hair, but does not readily destroy the latter. Alkaline sulphides, on 
the other hand, seem to attack the harder tissues with at least the same facility as the soft ones, 
the hair being often completely disintegrated, while the epidermis is still almost intact ; hence their 
applicability to unhairing by destruction of the hair. Keratins are dissolved by fuming hydro- 
chloric acid, with the production of a blue or violet coloration, like the albuminoids. They also 
resemble albumen, in the fact that their solution in sulphuric acid is precipitated by potassium 
ferrocyanide. By fusion with potash, or prolonged boiling with dilute sulphuric acid, keratin is 
decomposed, yielding leucine, tyrosine, ammonia, &c. The alkaline solution of keratin (hair, horns, 
&c.) is precipitated by acids, and, mixed with oil and sulphate of baryta, is employed under 
Dr. Putz’s patent as a filling material for leather, for which purpose it acts in the same way as the 
egg-yolks and meal used in kid-leather manufacture. Eitner has also proposed its use for the same 
purposes with bark-tanned leather. 

r, Hides used fob Sole-leatheb. — The principal sources of hides for sole-leather are: — 

(I.) Market hides; from the cattle slaughtered for food in the United Kingdom. These are 
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received by the tanner, fresh or slightly salted, and are either bought directly from the butcher, or, 
now more commonly, through the auction markets established in all large towns. The latter system, 
while it perhaps slightly enhances the price of the hides to the tanner, ensures him a better classi- 
fication according to weight, and, in some cases, as notably in that of Glasgow, a better flaying, 
through an organized system of inspection and sorting. The Scotch hides, being mostly from 
Highland cattle, are many of them small and very plump, for, as a rule, the hides are thickest on 
those animals which are exposed to cold and the hardships of out-door life. On the other hand, 
tlie hides of highly-bred cattle are apt to be thin and spreading; and, if they have been kept much 
indoors, and negligently managed, the grain of the hide is inj ured by the dung which adheres to it. 
The Irish hides are usually somewhat roughly flayed. 

(II.) South American hides are from the Eiver Plate, Uruguay, and Bio Grande. Those from 
the Eiver Plate are considered the best, as being stoutest and finest in texture. They are usually 
cured by salting, and are known as “ saladeros,” “ estancias,” and “ mataderos,” according to the 
slaughter and cure. The saladeros are the best, and are from cattle killed at large slaughtering 
establishments on the coast. The estancias are from cattle killed in the interior, and are worse in 
flaying than the saladeros, but free from the objectionable dark cure of the mataderos, which are 
killed by the city butchers. Many hides are brought from Brazil, and are generally both salted 
and sun-dried, or simply stretched out and dried. Hides are also imported from Valparaiso, both 
dry and wet-salted. 

China and W. Indies hides are mostly dried. French market hides have been of recent years 
largely imported ; they are mostly well-flayed, and some of them very heavy, but are sold at original 
butchers’ weight, and, in the experience of some tanners, the result in leather is 5-6 per cent, less 
than from .English market hides. They usually lose about 25 per cent, in sculling and salting. 
Lisbon hides are often well flayed, but are frequently branded, and the grain is injured by 
insects. They yield considerably more leather than market hides in proportion to weight. Hambro 
hides are salted, but mostly wet and ill-flayed. 

Preparation of Hides for Tanning . — Market hides merely require a slight soaking in fresh water, 
to remove blood and dirt, before unhairing. Salted hides should be soaked somewhat longer, and 
in several changes of water, so as to remove the salt before limeing. Dried hides, however, require 
more lengthened treatment. Before they are prepared for tanning, they must be brought back as 
far as possible to the condition of fresh hides, and, for this purpose, must be thoroughly soaked and 
softened in water. There are many ways of doing this: sometimes hides are suspended in running 
water ; sometimes laid in soaks, which may be either renewed, or allowed to putrefy ; sometimes in 
water to which salt or carbolic acid has been added, to prevent putrefaction. 

The first of these methods, were it desirable, is rarely possible in these days of Eiver Pollution 
Acts ; of the others, it is difficult to say which is better, since the treatment desirable varies with 
the hardness of the hide and the temperature at which it has been dried. The great object is to 
thoroughly soften the hide, without allowing putrefaction to injure it. As dried hides are often 
damaged already from this cause, either before drying, or from becoming moist and heated on ship- 
board, it is frequently no easy matter to accomplish this. The fresh hide, as has been seen, con- 
tains considerable portions of albumen, and if the hide is dried at a high temperature, this becomes 
wholly or partially coagulated and insoluble. The gelatinous fibre and the coriin (if indeed the 
latter exists ready formed in the fresh hide) do not coagulate by heat, but also become less readily 
soluble. Eitner experimented with pieces of green calf-skin of equal thickness, which were dried 
at different temperatures, with results given in the following table : — 


Sample I. 

„ II. 

„ III. 
„ IV. 

TeiDperatore of -ox. 

Drvmg. 1 Remarks. 

Time of Softening 
in Water. 

Remarks. 

Coriin Dissolved by 
Salt Solution. 

15° C. 

22° C. 

35° C. 

60° 0. 

In vacuo 

In sun 

In drying-closet 

1 

24 hours 

2 days 

5 ,. 

(Eefused to sofi 
\ for tai 

1 Without j 
< mechanical > 
( work I 

twice worked 
ten sufficiently! 
ining / 

1 • 68 per cent. 
1-62 „ 

0-15 „ 

Traces. 


Hence it is evident that, for hides dried at low temperatures, short soaking in fresh and cold 
water is sufficient, and, except in warm weather, there would be little danger of putrefaction. 
With harder drying, longer time is required, and it may be necessary to use brine instead of water. 

A well-known tanner recommends a solution of 30'’-35° barkometer (sp. gr. I '035, or about 5 per 
cent, of NaCl). This will have a double action, not only preserving from putrefaction, but dis- 
solving a portion of the hide-substance in the form of coriin. Although this is undoubtedly a loss 
to the tanner, it is que.stioiiable if there is any process which will soften overdried hides without • 
loss of weight : even prolonged soaking in cold water at too low a temperature to allow of putre- 
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&ction will dissolve a serious amount of hide-substance. Water containing a small quantity of 
carbolic acid has been recommended for the purpose, and will prevent putrefaction, while it 
has no solvent power on the hide, but, on the contrary, will coagulate and render insoluble albu- 
minous matters. Borax has been proposed for the same purpose, and, in strong solution, certainly 
prevents putrefaction, but is probably too costly. Sulphide of sodium and other sulphides seem to 
have considerable effect in softening dried hides, from their property of attacking hard albuminous 
matters, without injuring the true hide-fibre. A little sulphide of sodium is sometimes added to 
obstinate bides in the stocks. 

For some descriptions of hides, however, and notably for India kips, putrid soaks seem actually 
to be an advantage, the putrefactive action softening and rendering soluble the hardened tissue. 
Putrefactive processes are always dangerous, as the action, through changes of temperature, or 
variation in the previous state of the liquor, is apt to be irregular, and either to attack one portion 
of the hide before another, or to proceed faster than was expected. Hence hides in the soaks 
require constant and careful watching, and the goods must be withdrawn as soon as they are 
thoroughly softened, for the putrefaction is constantly destroying as well as softening the hides. 
It is probable that putrefactive softening is less injurious to kips, and siich goods as are intended 
for upper-leather, than to those for sole purposes, as it is necessary in the former case that the 
albumen and interflbrillary matter be removed, and that the fibre be well divided into its constituent 
fibrils for the sake of softness and pliability ; the putrid soak, if acting rightly, only accomplishes a 
part of the work, which would afterwards have to be done by the lime and the bate. The actual 
fibre of the hide seems less readily putrescible than the albuminoid parts ; hence the putrefaction 
may soften the latter better, and even at less expense of valuable hide-substance, because more 
rapidly, than fresh water. On this point, there is room for investigation. Putrefaction js a general 
name for a class of decompositions which are caused by a great variety of living organisms, each of 
which has its own special products and modes of action. It is quite possible that, if we knew what 
precise form of putrefaction was most advantageous, we might by appropriate conditions be able to 
encourage it to the exclusion of others, and obtain better results than at present. It will be neces- 
sary to revert to this subject when speaking of the bates used in preparing dressing-leather, which 
also owe their activity to putrid fermentation. 

Beside merely soaking the hides, it is necessary to work them mechanically, to promote their 
softening, which was formerly accomplished by “ breaking over ” the hides on the beam with a 
blunt knife. This process is now usually superseded or supplemented by the use of the “ stocks” ; 
these consist of a wooden or metalUo box, of peculiar shape, wherein work two very heavy 
hammers, raised alternately by pins in a wheel, and let fall upon the hides, which they force up 
against the side of the 
box with a sort of knead- 
ing action. The ordi- 
nary form of this ma- 
chine is shown in 
Fig.900. A more modem 
form, which seems to 
possess some advan- 
tages, is the American 
double-shover, seen in 
Fig. 901. 

The number of hides 
which can be stocked at 
once naturally varies 
with the size of both 
hides and stocks, but 
should be such that the 
hides work regularly 
and steadily over and 
over. The whole number 
should not be put in at 

once, but should be added one after another, as they get into regular work. The duration of stock- 
ing is 10-30 min., according to the condition and character of the hides. Hides should not be 
stocked till they are so far softened that they can be doubled sharply, without breaking or 
straining the fibre. After stocking, they must be soaked again for a short time, and then be 
brought into an old lime. A small quantity of sulphide of sodium added to the soaks or in the 
stocks has been recommended as of great value in softening obstinate hides, and probably with 
justice, from its well-known softening action upon cellular and homy tissues. 

Unhairing.— In England, lime is the agent universally used for this purpose, though every 



liEAT H KB. 


1221 


tanner admits its deficiencies and disadvantages. It is hard, however, to recommend a snbstitnte 
which is free from the same or greater evils, and lime has one or two valuable qualities, which will 
make it very diffloult to supersede. One of these is that, though it inevitably causes loss of sub- 
stance and weight, it is also impossible, with any reasonable care, totally to destroy a pack of hides 
by its use; this is by no means the case with some of its rivals. Another advantage is that, 
owing to its very limited solubility in water, it is a 
matter of comparatively small consequence whether 
much or little is used ; and even if the hides are left 
in a few days longer than usual, the mischief though 
certain, is only to be detected by careful and accurate 
observation. With all other methods, exact time and 
quantity are of primary importance, and it is not easy 
to get ordinary workmen to pay the necessary atten- 
tion to such details. Again, the qualities of lime, 
its virtues and failings, have been matter of experience 
for hundreds of years, and so far as such experience 
can teach, we know exactly how to deal with it. A 
new method, on the other hand, brings new and 
unlooked-for difSculties, and often requires changes 
in other parts of the process, as well as in the mere 
unhairing, to make it successful. As our knowledge 
of the chemical and physical changes involved be- 
comes greater, we may look to overcoming these 
obstacles more readily ; this constitutes one of the main advantages of a really scientific knowledge 
over an empirical one. 

Slacked lime is soluble in water at 15° (60° P.) to the extent of 1 part in 778. Unlike most 
substances, it decreases in solubility at higher temperatures, requiring 972 parts of water at 54° 
(130° P.), and 1270 parts at 100° (212° F.). Its action upon animal tissues increases rapidly, how- 
ever, with temperature, though no doubt it is moderated to some extent by the lessened solubility. 
Calculating from Dalton’s numbers, pure lime-water at 15° (60° F.) contains 1’285 grm. of CaO 
per litre, and should require 459 cc. of decinormal acid to neutralize it. This estimate in some 
cases appears to be slightly too high ; e. g. a saturated lime-water from carboniferous limestone at 
13° (56 '5° F.) required only 433 cc. of decinormal acid, which equals 1‘21I grm. of CaO per litre, 
and this lime-water gave nearly constant results for many months together : on the other hand, any 
traces of other soluble bases would raise the strength of the lime-water above its normal amount. 
Thus a magnesian limestone lime-water tested at the same time required 472 cc. of ^jth normal acid, 
confirming the old observation of tanners, that such lime is stronger than that made either from 
chalk or carboniferous limestone. This increased strength must arise from the presence of some 
soluble base other than lime, and may be due to the magnesia, which, however, is very slightly 
soluble. 

The action of lime on the hide has already been spoken of to some extent. This is throughout 
a solvent one. The hardened cells of the epidermis swell up and soften, the rete malpighi and the 
hair-sheaths are loosened and dissolved, so that, on scraping with a blunt knife, both come away 
more or less completely with the hair (constituting “ scud,” as some English tanners name it, Ger,, 
gneist or grand'). The hair itself is very slightly altered, except at its soft and growing root-bulb, 
but the true skin is vigorously acted on. The fibres swell and absorb water, so that the hides become 
plump and swollen, and, at the same time, the “cement-substance” (coriin) is dissolved, the fibres 
become differentiated into finer fibrils, and the fibrils themselves become first swollen and transparent, 
and finally corroded, and even dissolved. This swelling of the fibres is produced both by alkalies 
and acids, and is probably due to weak combinations formed with the fibre-substance, which have 
greater affinities for water than the unaltered bide. It is useful to the tanner, since it renders the 
hide easier to “ flesh ” (i. e. to remove the adhering flesh), on account of the greater firmness which 
it gives to the true skin. It also assists- the tanning, by opening up the fibre, and so exposing a 
greater surface. This is advantageous only in dressing leather which is afterwards tanned in 
sweet liquors, and must have the cement-substance dissolved and removed for the sake of flexi- 
bility ; but, in the case of sole-leather, it is probable that the same effect miglit be produced with 
less loss of substance and solidity by suitable acidity of the liquors. A more certain advantage of 
lime is that it acts on the fat of the hide, converting it more or less completely into an insoluble 
soap, and so hindering its injurious effects on the after tanning process, and on the finished 
leather. 

The customary method of limeing is simply to lay the hides flat in milk of lime in large pits. 
Every day, or even twice a day, the hides are drawn out (“ hauled”), and the pit is well plunged 
up, to distribute the undissolved lime through the liquor. The hides are then drawn in again 
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(“ set ”), care being taken that they are fxilly spread out. Great differences exist in the quantity 
of lime used, the time given, and the method of working. Jackson Schultz prescribes 1 bush. 
(56 lb.) of fresh lime to 60-70 hides, and 3-4 days as sufficient time to unhair and plump them ; 
while a well-known English tanner states that, after working for 6-10 days through a series of old 
limes, the hides (presumably wet-salted S. Americans) should have 4 days in a fresh lime, made with 
3-12 lb. of lime per hide. It is obvious that if the American authority is right, the English process 
is wasteful in the extreme, both in hide-substance and lime. It is probable, however, that it would 
be found impossible to unhair and flesh hides, to suit the English market, in cold limes with the 
quantity and time mentioned, and if the limes are steamed, it is quite likely that the destructive 
action on the pelt may be even greater than by the longer and slower process in the cold. Most 
likely a compromise between the two is the most desirable, and about 2-4 lb. of lime per hide, 
according to weight, should be sufficient, while a week for market hides, and 14 days for heavy 
salted, will loosen the hair and plump the pelt as much as is requisite. This is on the supposition 
that the limes are kept at a uniform average temperature of about 1 5° (60° F.) in winter and summer. 
If they are heated to 27°-32° (80°-90° F.), of course much less time is required, but there are no 
published experiments showing the relative weights made by the two processes, and, from the fact 
that warmed limes are principally used for descriptions of leather where weight and solidity are not 
of primary importance, it may be concluded that, in this direction, the results are unsatisfactory. 

Another undecided point is whether the best results are obtained by making fresh limes for every 
pack, or by strengthening up the old ones. An old lime becomes charged with decomposing animal 
matter and with ammonia, and, within limits, loosens the hair more effectually than a new one. An 
experienced tanner states that, by using old limes, better weights are obtained, but that the leather 
is thinner than when a fresh portion of lime is used, and this is quite in accordance with theory. If, 
however, the old lime-liquor be retained too long, it ceases to swell the hides as it should, and, 
in warm weather, the limeing proper is complicated by a putrefactive process allied in principle to 
sweating. - 

Several variations in the above-described method of limeing have been proposed. A well-known 
patent claims the plan of suspending the hides on laths, and agitating the liquor by plunging in 
place of hauling. Probably this is an actual improvement, especially if some mechanical agitating 
contrivance be substituted for hand plunging. It has, however, the drawback that much room 
is'required, though this may bOj to some extent, compensated by the hides limeing more quickly. 
As the method has been long in use in America, and had been tried in several places in England 
before the patent was obtained, it is not probable that it could be legally sustained, in this 
respect resembling a large proportion of the patents referring to leather manufacture. Two other 
American labour-saving methods in connection with limeing may be mentioned here. One is 
to have the limeing-vat double the ordinary size, and, instead of hauling the hides, to simply draw 
them from one side to the other by two strings, which are attached to the fore and hind shank of 
each hide. The strings are either looped over iron rods at the four corners of the pit, or have simple 
knots, which are placed in notches sawn in wood. Of course, while the hides are at one side of the 
pit, the other side may be plunged or warmed. The other method is to have a spindle with discs 
at each end, to which the hides or sides are attached by hooks set round the edges. The hides are 
wound up by toning the spindle with a handspike, and the whole spindle is also capable of bein" 
raised and lowered in the liquor. 

An American plan, known as the “ Buffalo method,” is described by Jackson Schultz. The hide 
is prepared in the usual way, and is then thrown into a strong lime for 8-10 hours when it is 
taken out and immersed in water heated up to 43° (110° F.), in which it remains 24-48 hours. The 
warm water soaks, softens, and swells the roots of the hair, and much the same result is obtained 
as in “ scalding ” pigs. So little lime really permeates the inner fibre that, after a slight wheeling 
the hides may be thrown into cold water, and allowed to cool and plump, preparatory to taking 
their places in the handlers. The process is strongly recommended for sole-leather, particularly 
where great firmness of fibre is desired. The tanner who tries it must be satisfied if he gets 20-30 
sides a man unhaired and fully ready for the liquor per diem. 

On the Continent and in America, the prevalent mode of loosening the hair, at least for sole- 
leather purposes, is called “ sweating,” and consists in inducing an incipient putrefaction, which 
attacks the soft parts of the epidermis and root-sheaths, before materially injuring the hide-sub- 
stance proper. The old European method of “ warm-sweating ” consisted simply in laying the hides 
in pile, and, if necessary, in supplying heat by covering them with fermenting tan ; but as this 
crude and dangerous process is everywhere being supplanted by the American plan, where sweating 
at all is adhered to, it is not necessary to do more than describe the latter. This is called “ cold 
sweating,” but really consists in hanging the hides in a moist chamber, kept at a uniform tern 
perature of 15°-21° (60°-70° F.). 

The “sweating-pit” now in use is sometimes of wood, but usually consists of a building 
of brick or stone, protected from changes of temperature, both above and at the sides, by thick 
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banks of soil or spent tan. If soil be used, it will form an excellent bed for vines, &o., 
which are fertilized by the ammonia penetrating from below. Though called a “pit,” it is 
imdesirable that it should be actually below the level of the ground ; it should be arranged so that 
the hides can be wheeled in and out in barrows. It is lighted and ventilated by a lantern roof above 
a central passage, and should be divided into chambers, each capable of suspending a pack of hides. 
By means of sprinklers above and steam-pipes below, the chambers may be cooled or wanned, as 
required, and when working properly, the temperature should stand at 15°-21° (60°-70° F.), with 
globules of condensed water collecting on all parts of the suspended hides. 

The process is principally used in America for dried hides, but may be employed either for wet 
or dry salted, after complete removal of the salt. It is imperatively necessary that dried hides should 
be completely softened before sweating. As the sweating process advances more rapidly in the 
upper than in the lower part of the pit, and as the thick portions are more resistant than the thin 
ones, the hides, after about 3 days’ sweating, require constant attention in changing their positions, 
and in checking the forward ones by taking down and laying in piles on the bottom of the pit. 

The usual treatment for sweated hides, when the hair is sufBcieutly loosened, is to throw them 
into the stocks, and work out in this way the slime and most of the hair. This has the disadvantage 
of working out too much of the dissolved gelatine, and of fulling the hair so firmly into the flesh, 
that it is difficult again to remove it. To overcome these evils, some American tanners now pass 
the hides, after sweating, through a weak lime. This, to a great extent, prevents the hair fixing 
itself in the flesh, and tends to counteract the injurious effect of the vitriol (which is almost 
invariably used in plumping sweat stock) on the colour of the leather. By this process, 10,000 
Texas and New Orleans wet-salted hides gave an average yield of leather of 73 per cent, on their 
green weight, and the leather was excellent in quality. 

It must be clearly understood that all sweating depends on partial putrefaction This is proved 
both by the plentiful production of ammonia in the pits, and by the fact that all antiseptics, such 
as salt or carbolic acid, entirely prevent sweating till they are removed. Although the process 
undoubtedly has advantages, and especially so in the treatment of dried hides, it is an open question 
whether it gives the extreme gains over limeing in weight and firmness, which are claimed by some 
of its advocates. 

An unhairiug process, largely coming into use on the Continent, depends on the action of alkaline 
sulphides, and particularly sulphide of sodium, upon the hair. While all the methods alreSdy 
spoken of involve the softening and destruction of the hair-sheaths, either by lime or by putrefaction, 
the sulphides are peculiar in attacking the hair itself; when strong, they disintegrate it rapidly and 
completely into a sort of paste. From very early times, sulphide of arsenic (“ rusma ”) mixed with 
lime has been used in unhairing skins. About 1840, Bottger concluded that the efficacy of arsenic 
sulphide was due simply to the sulphydrate of lime formed by combination of the sulphur with the 
lime, and proposed sulphydrate of lime, formed by passing sulphuretted hydrogen into milk of lime, 
as a substitute for the poisonous and expensive arsenic compound. This proved a most effective 
depilatory, but has never obtained much hold in practice. This is probably due to the fact that it 
will not keep, oxidizing rapidly on exposure to the air ; hence it must be prepared as it is required, 
which is both troublesome and expensive. A minor objection is the unpleasant smell of sulphuretted 
hydrogen, which is inseparable from its use. 

It was proposed to replace it by sulphide of sodium, which, though at first said to be only 
effective when mixed with lime, so as to produce calcic sulphide, has since proved a powerful 
depilatory alone. Its use has been greatly extended on the one hand by its production on a large 
scale, and in the crystallized form (presumably by reduction of sulphate by heating with small 
coal), and on the other, by the great interest which Wilhelm Eitner, the able director of the 
Austrian Imperial Eesearch Station for the Leather Trades, has taken in its introduction. The 
substance, as manufactured by Be Haen, of List, Hanover, is in small crystals, coloured deep 
greenish-black, by sulphide of iron, which must have been held in suspension at the time of crystal- 
lization. If the salt be dissolved in water, and the solution be allowed to stand, this is graduaUy 
.deposited as a black sediment, leaving the supernatant liquor perfectly clear and colourless. 

For sole-leather, the method recommended by Eitner is to dissolve 4-5 lb. of sulphide per gal. 
of water, ma kin g the solution into a thin paste (of soupy consistence) with lime or pipe-clay. This 
is spread liberally on the bair side of the hides, one man pouring it down the middle of the hide 
from a pail, while another, with a mop or cane-broom, rubs it into every part. The hide is then 
folded into a cushion, and in 15-20 hours will be ready for unhairing, the bair being reduced to a 
paste. In the writer’s experience, the concentrated solution here prescribed will completely destroy 
all hair wetted with it in 2-3 hours, and if left on longer, will produce bluish patches, and render 
the grain very tender. The hides should be thrown into water before unhairing, to enable them to 
plump, and to wash off the sulphide, which is very caustic, attacking the skin and nails of the 
workmen. There is no doubt that this process gives good weight, and tough and solid leather ^ 
but there are several difficulties attending its use. Unless the mopping is done with great care, it 



1224 


LEATHEE. 


will fail to completely destroy the hair, and the patches of short hair left are very difficnlt to 
remove. The expense of the material and the loss of hair are also important considerations. The 
hides will be very difficult to flesh, unless previously plumped by alight limeing, and it is generally 
considered necessary to swell the hides with acid before tanning, as the sulphide has but little 
plumping effect. 

Another method, which is more generally adopted for dressing hides, is to suspend in a solution 
of sulphide of sodium, containing about | lb. a hide; the hide is said to unhair in 24 hours. Very 
weak solutions loosen the hair, without destroying it ; but it is always injured, as the specific action 
of the sulphides is on the hair itself. After unhairing, the hides may receive a light limeing, to 
plump them, or lime may be added to the solution of sulphide. 

Various other depilatories have been proposed, but as they have not come into general use, brief 
mention of -the moat important will suffice. Anderson, in 1871, patented the use of wood-charcoal, 
applied in a similar manner to lime in the ordinary process. The hair was probably loosened simply 
by putrefaction, as in sweating, while the charcoal acted as a deodorizer. Caustic potash and soda 
will loosen hair, but seem to have no decided advantage over lime. They are more costly, and their 
corroding action on the hide-substance is more powerful. Squire, Claus, and J. Palmer, have all 
taken out patents for thd use of tank- waste as a depilatory. It consists of impure sulphides of 
calcium, and when brought into the form of soluble snlphydrate, either by boiling in water, or, it 
is said, by the oxidizing action of the air, it will unhair hides. The conversion is, however, very 
imperfect in either case, and its action is uncertain and slow ; while the iron present is apt to cause 
unsiglitly stains. It is proba'ble that the weights 
obtained may somewhat exceed those by limeing. 

Palmer employs sulphuric acid to plump the hide 
and remove stains, and then reduces it by a bate of 
whiting and water. He claims that this prepares 
the hide for rapid and heavy tanning, but the 
swelling and subsequent reduction almost certainly 
entail loss of weight and quality. 

Whatever method of loosening the hair may be 
adopted, the next step is to remove it by mechanical 
means. This is usually accomplished by throwing 
the hide over a sloping beam, and scraping it with a 
blunt two-handled knife (Fig. 902), the workman 
pushing the hair downwards and away from him. 

The beam is now usually made of metal. The knife 
employed is also shown at 0, Fig. 903. 

When a hide is lightly limed, it is often easy to 
remove the long hair, but excessively difficnlt to get 
rid of the short under-coat of young hairs, which 
are found in spring, and which can sometimes 
only be removed by the dangerous expedient of shaving with a sharp knife. The reason of 
this difficulty is obvious ; not only do the short hairs offer very little hold to the nnhairing knife, 
but, as has been explained in describing the anatomical structure of the skin, their roots are 
actually deeper seated than those of the old hairs they replace. Several attempts have been made 
to nnhair by machinery, but so far without such success as to lead to their general adoption. 
The fleshing-machine invented by 

Glarric and Terson, and manufac- 903. 



ured in this country by T. Haley 
and Co., of Bramley (Fig. 904), is 
furnished with a special wheel for 
unhailing. An American machine 
for the purpose, invented by J. W. 
Macdonald, and said to be capable 
of unhairing 800 sides a day, is 
shown in Fig. 905. 

When the hair is very tho- 
roughly loosened, as by sweating, 
or destroyed, as by sulphide of 




sodium, it is not uncommon to work it off by friction in the stocks ; but it is very doubtful whether 
the saving of labour is not more than compensated by the loss of weight, consequent upon submittine 
^ the hide, whOe its gelatine is in a partially dissolved condition, to such rough usao-e. ° 

After unhairing, the loose flesh and fat are removed from the inner side of the°hide by a sham- 
edged knife E (Fig. 903), partly by brushing or scraping, partly by paring. It is necessary not o^ 
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to cut off the visible adhering fat, but to work the hide well, so as to force out that contained in the 
loose areolar tissue, which would not only impede tanning, but is liable to soak completely through 
the hide, producing most unsightly blotches. Several machines have been introduced to supersede 
hand-fleshing, but with only partial success. One of the best is Garric and Terson’s machine 
(Fig. 904), which gives a very level flesh, free from galls, and without so much loss of weight, but 
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scarcely so clean as desirable, while the saving in labour is not great. Molinier’s machine 
(Fig. 906), and that of Jones and Eocke, are weU adapted for skins, but hardly capable of fleshing 
an entire hide. All these machines are very similar in principle, the working parts consisting of 
drums with oblique or spiral knives. 

When unhaired and fleshed, the hides intended for sole-leather, are, in England, almost 
invariably “rounded,” or separated into (1) “butts,” which are the best and thickest parts, and 
receive the most solid tannage, 
and (2) “ offal,” which is thinner, 
and for which a cheaper and 
more rapid tannage is sufficient. 

Fig. 907 shows the customary 
division. Frequently the butt is 
divided down the centre, and 
the halves are then called 
“ bends.” A piece called a 
“middle” is sometimes taken 
between the butt and the 
shoulder. 

After rounding, it is neces- 
sary to get rid of the lime, as 
completely as possible, before 
taking into the tan-house. For 
this purpose, the butts are 
usually suspended in fresh water 
for 12-24 hours, and frequently 
shaken up in it to remove ad- 
hering lime and dirt If the water is hard, it is best to add to it, before putting in the butts, a few 
paUsful of clear lime-water, to precipitate the acid carbonate of lime, which would otherwise cause a 
deposit of chalk on the surface of the butts ; this would not only make the grain harsh, but after- 
wards, by combining with the tannin of the liquors, would cause bad colour. For the same reasons. 
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it is important that limey hides should be as little exposed to the air as possible, as the latter 
always contains a small amount of carbonic acid, which renders the lime insoluble. 

This suspension in water is generally considered suflScient for sole-leather, but it removes the 
lime very imperfectly. In olden days, it was customary not only to wash the hides much more 
thoroughly in water, but to “scud” them (i.e. work them over with a blunt knife), to remove lime, 
and the detritus of hair-roots 
and fat-glands. This is now 
frequently omitted from sole- 
leather treatment, but no doubt 
leads to a more complete re- 
moval of the lime. 

Tanning Materials. — Before 
describing the management of 
the hides in the tan-house, it is 
necessary to say a few words 
about one or two of the prin- 
cipal materials used, and the 
methods of preparing them. 

Further details of their nature 
and origin will be given in the 
article on Tannin. 

Oak-bark is one of the 
eldest of tanning materials, and 
the leather produced by its aid is still considered for many purposes the best. For sole-leather, 
its weakness in tannin (8-12 per cent.), the slowness of its action, and the light weight of the 
leather produced, render it unavailable alone except for the very finest class of work. It is, how- 
ever, generally used in admixture with stronger and cheaper materials, such as valonia. 

Valonia, the aoom-cup of an evergreen oak growing in Greece and the Levant, is perhaps the 
most important of materials to the sole-leather tanner. It contains 25-35 per cent, of a tannin 
somewhat similar to oak-bark, and, like it, com- 
municating a light-coloured bloom to the leather, 
but giving much greater firmness and weight, and a 
browner colour. 

Myrabolanes or myrobalams, the fruit of an 
Indian shmb, contains about as large a percentage 
of tannin as valonia, and gives a similar bloom, and ex- 
cellent colour ; but it can only be used very sparingly 
on butts, since it produces a soft and porous leather. 

Divi-divi is a S. American bean, which contains 
much of a brown tannin in the pod, being con- 
siderably stronger than valonia. It makes a heavy 
and solid but somewhat horny leather. Its great 
danger arises from a tendency to sudden fer- 
mentation, which produces brown or red stains on 
the leather. 

Mimosa-bark is the product of several Australian 
acacias, and is probably nearly as strong as valonia. 

It gives a hard and heavy leather, but of a dark-red 
colour. 

Hemlock-extract is a deep-red syrupy extract of 
the bark of the hemlock pine of America. 

Chestnut-extract is a similar product from the rasped wood of the Spanish chestnut. Its colour 
is paler and yellower than that of the hemlock, and hence it is often employed to correct the red 
tone produced by the latter. 

Grinding and Exhaustion of Tanning Materials.— Befoie tanning materials can be exhausted 
it is almost invariably necessary to crush or grind them, so as to enable the water to get freely at 
the tannin, which, in most cases, is enclosed in the cellular tissue of the plant. It may be thought 
that for this purpose it would scarcely be possible to crush too finely, but in practic^ a very fine 
powder is extremely difficult to spend, as it cakes into compact and clay-like masses through 
which liquor wiU ‘not percolate. The object, therefore, is to grind fiuely enough to allow the liquor 
ready access to the interior, but not so finely as to prevent liquids running through the mass The 
•mill most usually employed for this purpose consists of a toothed cone, working inside mother 
cone, also toothed on its interior, precisely like those of a coffee-miU. As bark is frequently 
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delivered “ unhatched,” or in long pieces, it is necessary to crush it preparatory to grinding, and 
this is nsually accomplished by rollers composed of toothed discs, called breakers. In Fig. 908 is 
illustrated such a mUl, as made by Newall and Barker, of Warrington, combining both utensils. 
Fig. 909 shows a section of the well-known American “ keystone ” mill, in which the preliminary 
breaking is accomplished by the arms A ; the bark is then finely ground by the toothed cones N, 
and discharged at the spout B by the revolving shover M. 

Now that a large variety of other materials besides bark are required by tanners, the miU just 
described is not always suflicient for the purpose. Myrobalams and mimosa-bark have proved 




specially troublesome, the former from its very hard stones and clogging character, and the latter 
from its combined hardness and toughness. “Disintegrators” of various makes have proved 
admirably adapted for grinding both of these materials, their advantage being the universality of 
their reducing powers, ranging from oak-bark 
to bones or brick-dust, and their disadvan- 
tages, the somewhat considerable power they 
consume, and the rather large portion of fine 
dust they make. Their principle is that of 
knocking the material to powder by rapidly 
revolving beaters, which, in the smaller mills, 
are driven at so high a speed as 2500 rev. a 
minute. Wilson’s is shown in Fig. 910, as an 
example. It is one of the oldest tanners’ dis- 
integrators, and probably still one of the best. 

In the figure, it is opened, showing the disc 
with its steel beaters attached. When myro- 
balams are only required roughly crushed, a 
machine with fiuted rollers (Fig. 911) acts 
better than a disintegrator, making less dust, 
and requiring less power. 

In England, the tanning material is 
generally carried from the mill, to the pits 
where it is exhausted, in baskets or barrows ; 
in America, this is frequently accomplished by 
a “ conductor,” or horizontal spout, in which a 
double belt with wooden cross-pieces carries 
the bark forward, on the same principle as the 
elevators of corn-mills. Another American 
plan is to use circular tubs for extraction. 

These are mounted on wheels, and are 
worked on a railway, coming up to the mill 
to be filled, and thence under a series of sprinklers like those used by brewers, and finally 
“ dumping ” their contents before the boilers, which are heated solely by the wet hark, burnt in a 
peculiar furnace with brick chambers. This furnace for burning wet bark seems worthy of extended, 
adoption in Europe, as spent tan is frequently not only valueless, but costly to get rid of. Full 
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details and scale drawings may be found in Jackson S. Schultz’s book on ‘ Leather Manufacture, 
and in Fig. 912, is shown a modification of it, patented by Huxham and Brown, which has been very 
successfully used in burning wet tan, either alone or with a portion of coal. In American sole- 
leather tanneries, where the bark is resinous and almost unlimited in quantity, suflBcient steam may 
be raised with tan wet from the leeks ; but in England, where material is more sparingly used, it is 
advisable partially to dry it before 
burning. This is accomplished by 
powerful roller-presses, as shown in 
Fig. 913. 

In England, the tanning ma- 
terial is usually exhausted in pita 
called “ leeks,” “ latches,” or “ taps.” 

These, in large yards, are made 
capable of holding about 50 cwt. of 
material. The new material is 
first flooded with a pretty strong 
liquor. When this has gained as 
much strength as possible, it is 
pumped ofii and is followed by a 
weaker one, and so on till the ma- 
terial is exhausted. Much of the 
economy of a tan-yard depends on 
the way, systematic or otherwise, in 
which this is done. It is customary to complete the exhaustion with hot liquors, or water, hut 
opinions differ on the expediency of the practice. By the use of heat, however, stronger liquors and 
more rapid spending are attained ; and with some materials, such as mimosa, complete exhaustion 
is impossible in the cold. Careful tanners also cast their material over from one pit into another. 
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before throwing away, so as to lighten it up, and allow the liquor to penetrate to every part In 
bark-yards, latches are frequently worked in series, which are connected by pipes, so that the 
liquor flows from the bottom of one upon the fop of the next stronger. This is an excellent 
plan for bark, which is open and porous, but is scarcely adapted to such materials as valonia or 
myrabolams, which have a tendency to form compact masses, through which the liquor does not 
circulate. The same objection, in an almost higher degree, must be urged against the Allen and 
Warren, or sprinkler leek, in which the liquor, distributed on the surface by a rotary sprinkler 
is allowed to percolate downwards, and run freely away at the bottom. In this case, it is almost 
sure to form channels, instead of flowing uniformly, and, in addition, the material is constantly 
exposed to the action of the air, which causes fermentation, with its attendant discoloration and 
loss of tannin. 

It is one of the great attractions of extracts that they avoid almost all the expense and labour 
inseparable from the exhaustion of other farming materials. It is usually necessary to dissolve the 
fluid extracts in water or liquor of as high a temperature as has been employed in their preparation 
as otherwise, from some unexplained chemical change, a large portion of the tannin is precipitated 
Gambier is usually dissolved by boiling or steaming, but is said to give a better colour when 
dissolved cold. This may be accompUshed in a rotating latticed drum, sunk in a pit of 
liquor. 

• Construction of Tanneries . — The old-fashioned method of sinking pits is to make them of wood 
and carefully puddle them round with clay, which should be well worked up before use. Loam 
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mixed with water to the consistence of thin mortar may also be employed, the pits being filled up 
with water, to keep tl\gm steady, at the same rate as the loam is run in. Probably the best 
materials for pit-sides are the large Yorkshire flagstones. Where these are not attainable, very 
durable pits may be made of brick, either built with Lias lime, and pointed with Portland cement, 
or built entirely with the latter. Common lime cannot be used, as it spoils both liquors and 
leather ; and even cements with too large a percentage of lime are nnsatisfectory. Brick and common 
mortar are, however, suitable for lime-pits. 

If possible, both latches and handler-pits 
should be provided with plugs and under- 
ground pipes, communicating with a liquor- 
well some feet below their levels. Glazed 
. fireclay is very suitable both for pipes and 
plug-holes, which should be in the pit- 
comers. Iron should, as far as possible, 
be avoided wherever it can come into 
contact with liquor, as it discolours the 
leather. 

Management of Sole^leather in the Tan~ 
house . — After suspension in water, the hides 
are usually taken at once into weak tan- 
liquors ; but occasionally they are treated 
with dilute acids before the actual tanning, 
both to remove the lime still remaining in 
the pelt, and to plump them. If the sole 
object be the former, hydrochloric acid is 
probably the most suitable, since the calcic 
chloride formed is very soluble, and, in 
small quantities, hydrochloric acid' has not the bad effect, often produced by sulphuric, of causing 
a dark layer to form immediately beneath the grain during tanning. If acid is to be used for 
plumping, it is, no doubt, best to use it mixed with the early liquors, where its influence is modified 
and restrained by the tannin: but it seems probable that, where lime is used for unhairing, the 
fibre is sufficiently opened up by this agent to receive the tanning, and that, in a well-managed yard, 
the natural acids of the liquors are sufficient, in conjunction with suitable tanning materials, to give 
the hides all the weight and substance of which they are capable. 

On first coming into the yard, the butts are usually suspended by the necks from sticks placed 
across the pits. They should be kept in almost constant movement, either by raising and shaking 
them by hand, or by supporting them on frames, which are rocked, or otherwise worked. Perhaps 
the best device for this purpose is the “ travelling handler” of W. N. Evans, which consists of a 
frame supported on wheels, and worked slowly backwards and forwards by power. This frame 
should extend the length of a range of pits sufficient to take in at least a 3 days’ stock of butts, 
which should be tied by the neck end to sticks resting crossways upon it. It should have a stroke 
of 1-2 ft., repeated, say 6 times a minute. 

The suspender pits should be supplied with old handler liquors, which, if the tannage is a 
mixed one, may range from 12°-16° barkometer, as a large proportion of the weight consists only 
of lime-salts, gallic acid, and other worthless products. If the tannage is pure bark, it may perhaps 
be advisable to let the strength be somewhat less, but something depends on whetlier the exhausted 
liquors are returned with all their impurities to the “ taps ” or liquor-brewing pits, or whether the 
liquors are made with water, and hence purer. In any case, the fiee acid in the suspenders should 
always be sufficient in quantity to neutralize the lime brought in by the butts, or bad colour will 
certainly result, making itself visible in the shed, or as the tanning proceeds. If the butts, when first 
bronght into liquor, take a lemon-yellow colour, especially in places that have been imperfectly 
exposed to it, this is an indication of danger which must not be disregarded. It may be met either 
by cleansing the butts more thoroughly before bringing into the yard, or by adding acid (acetic, 
hydrochloric, or sulphuric) to the liquor. It can, however, often be remedied, either by altering the 
way of working the liquors, so as to bring more sour liquor down to the suspenders, or by using ^ 
larger proportion of materials capable of yielding acetic acid by fermentation, such as myrobalams. 
It is a common error to call all the free acid of sour liquors “ gallic,” as this is not even present in 
pure bark-yards, and at the best is a feeble acid, scarcely reddening litmus, or capable of swelling 
hides. The most abundant acid is usually acetic, though butyric, lactic, and other acids are fre- 
quently present. It must here be explained that the barkometer (also called “ barkrometer ” or 
“ barktrometer ”) is a hydrometer, graduated to show the sp. gr. thus — 20° Bark. = 1-020 sp. gr. 

The butts should at first be brought into the weakest liquor; a circulation system, by which* 
the liquors are all pumped in at one end of a set of snspenders, and run out at the other, the butts 
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being moved forward in the opposite direction, seems to have much to recommend it. In this case, 
the top-of one pit should be connected by a wooden box with the bottom ojthe next. 

It is usually advisable to run away the first liquor into which butts are brought from the lime- 
yard, as it is very completely spent, and highly charged with lime salts and impurities. Whether 
other exhausted liquors are to be retained or rejected is largely a question of climate, and mode of 
working. In hot weather, such liquors, charged with organized ferments (moulds, bacillus, and 
bacteria'), are apt to cause ropiness, and other fermentive diseases of the liquors. This danger may 
be lessened by boiling aU spent liquors, so as to kill the ferments, before running on the taps, or 
prevented by the free use of antiseptics, such as carbolic acid. Small doses of carbolic acid, how- 
ever, are useless ; at least ^ per cent, must be employed. 

The suspender liquors should be acid enough freely to redden litmus-paper. H. E. Procter has 
published a simple and instructive volumetric method for the determination of the free acid : 10 cc. 
of the carefully filtered liquor is placed in a beaker, and clear lime-water is run in from a burette 
tUl permanent cloudiness is produced. The quantity of lime-water employed is that which the acid 
is capable of neutralizing, without producing discoloration of the leather, and care must be taken 
that the lime introduced with the butts does not exceed this proportion. The explanation of the 
reaction is that dark-coloured tannates of lime are formed, which are dissolved by the free acid so 
long as it remains in excess. 

From the suspenders, the butts are transferred to the “ handlers,” where they are laid flat in the 
liquor. The handlers are generally worked in sets, to each of which a fresh liquor is daily run, 
and the most forward pack is pulled over into it, and is often also dusted down with a little fine 
bark or myrabolams. The second pack follows into the liquor out of which the first has been taken ; 
the third into that of the second, and so on. Frequently the greenest packs are handled up a 
second time in the course of the day, and put down again in the same liquor. The strength of 
liquors, and the length of time for which butts are retained in the handlers, are varied ; but a time of 
1-2 months, and liquors of 20°-35° are usual. A little gambier may be appropriately used in the 
liquors. 

At the end of this period, the butts are taken to the “layers” or bloomers, in which they are 
laid down with stronger liquors and much larger quantities of “ dust ” ; the latter is usually bark 
or valonia, though mimosa is occasionally used. The liquors vary from or 70° in strength 

in mixed tannage, and the duration of each layer from 10 days in the earlier stages to a month in 
the later ones. For the best heavy tannages, 6-8 layers are required. Each time the butts are 
raised, they should be mopped on the grain, to remove dirt and loose bloom. In pure bark tannage, 
which, however, is gradually becoming extinct, the liquors used are of necessity much weaker, as it is 
extremely difficult to obtain liquors of more than 25°-30° from this material. The last layer, how- 
ever, should always have liquors of the greatest strength which can possibly be obtain^, or the 
leather wiU be deficient in firmness. 

The great point to aim at, in arranging the mode of work of a tannery, is to contrive that butts 
should always receive the strongest 
liquors they can bear with safety, 
pnd that the strength should con- 
stantly increase in a regular and 
systematic way. To attain this end, 
very frequent handling and change 
of liquor are requisite in the early 
stages, when the butts rapidly 
absorb the tannin presented to them. 

As the process advances, the ex- 
terior part of the butt becomes 
thoroughly tanned, and the liquor 
only slowly reaches the interior, 
which is yet susceptible of its action, 
and hence longer layers in stronger 
liquors are permissible. 

The varied requirements of the 
trade render it difficult to give any 
practical information as to selection 
of tanning materials. As a general 
rule, it is important at the outset 
to give the required colour; and 
if materials undesirable in this respect are to be used for the sake of cheapness, they should 
^ be introduced in the form of Uquors in the middle stages of the process, i. e. in the later 
handlers or earlier layers. Materials used as dust generally have more effect in producing bloom 


914 . 





1231 


and colonring the leather, than those nsed in liqnora at this stage. Some information as to the 
respective qualities of the different tanning materials will be found in the article on Tannin ; hut 
even practical men are very deficient in accurate information on these points, since many materials 
are never used alone, but invariably in connection with others which mask their effects. 

The use of extracts, and the demand for low-priced leathers, to compete with the American 
I tannages, has introduced still more rapid methods than those described, and very fair-looking heavy 
leather has been tanned in 5-10 weeks. These tannages are very various, but their main feature 
is the free use of hot liquors, composed principally of extracts and gambler. This treatment imparts 
great firmness, or more properly speaking, hardness : but the leather is deficient in toughness, and 
the grain usually cracks on bending sharply. Extract properly used is, however, eapable of 
making excellent leather. 

Treatment of Sole-leather in the Shed . — The butts, after being well mopped on both flesh and grain 
in a elear liquor, are taken into the drying-lofts, where they are hung on poles till about half dry. 
They are then laid 
on the floor in 
piles, and covered 
up till they heat 
or “ sweat ” a little, 
which facilitates 
the succeeding 
operation of “ strik- 
ing.” This is per- 
formed by laying 
the butt over a 
horizontal “ beam” 
or “horse,” and 
scraping its sur- 
face with a triangular pm, shown at D in Fig. 903. This pin has an even, though tolerably 
sharp, edge, and is so used that it stretches and smooths out the grain, without breaking it ; at 
the same time, it removes a portion of the white deposit called “ bloom,” which has been men- 
tioned. Common goods are frequently struck by the machine introduced by Priestman, of Preston 
Brook, shown in Fig. 914 ; but the 
work is not very uniform, and the 
leather is much compressed and 
stretched. After a light oiling 
and a little further drying, the butt 
is laid on a flat “ bed ” of wood or 
zinc, and is rolled with a brass 
roller loaded with heavy weights. 

Various machines are also in use for 
this purpose. In Fig. 915, is shown 
a roller adapted for rolling butts, 
in which the pressure is produced by 
springs immediately above the 
roUer, which works backward and 
forward over a flat table. Fig. 916 
represents a machine in which the 
roller is fixed, and works over a 
brass drum ; it is specially adapted 
for ofial, and, when used for butts, 
is apt to make them “ baggy.” In 
both these machines, the reversing 
motion is obtained by using two 
belts, one being crossed. The leather 
is now frequently coloured on the 
grain with a mixture, for which each tanner has a recipe of his own, in order to hide uneven or 
dull colour, and, when sufficiently dry, is rolled a second time, and dried-off in a room gently 
heated by steam. This is the Bristol method of finishing. In the Lancashire district, butts are 
generally struck out much wetter, and “ stoned,” so as to remove the whole of the bloom, and show 
the natural brown “ bottom ” of the grain. When sufficiently dry, they are struck a second time, 
to set the grain, and rolled as described, the painting being omitted. This method has the disad- 
vantage of requiring more labour, and causing a loss of weight ; but leather so got up brings a 
higher price, as the method is only applicable to such tannages as make a fair colour. 




1232 


LEATHER. 



It is very important, and especially so with heavy mixed tannages, that the drying should be 
conducted in the dark, and not too rapidly. No artificial heat should be used, except in frosty 
weather, to wet leather ; and it should be carefully protected &om harsh drying winds. After the 
leather is finished, it should be dried-off in a weU-ventilated drying-shed, heated to about 21° 
(70° F.). The same observations apply to the drying of rough dressing-leather, except that 
artificial heat should be avoided. Frost makes dressing-leather porous, and prevents its carrying a 
proper quantity of grease in currying. 

Tannage of Dressing-leather. Common, and Shaved Hides. — Hides which are intended for purposes 
where softness and flexibility are required, as for instance, for the upper-leathers of boots, and for 
saddlery purposes, are called “ dressing ” or “ common ” hides, or, if they are shaved down to reduce 
their thickness before ta nning , they are denominated “ shaved ” hides. Hides for this purpose are 
limed much in the same way as has been described for bntts ; but if they are required very soft and 
flexible, a somewhat longer limeing is permissible. After unhairing, fleshing, and washing in water, 
they are usually transferred to a “ bate,” composed of pigeon- or hen-dung, in the proportion of 
about 1 peck to 25-30 bides. 

In this they are retained for some days, being handled frequently. They completely lose their 
plumpness, and become soft and slippery ; the caustic lime is entirely removed ; and the re m a ini ng 
portions of hair-sheaths and fat-glands are so loosened that they are easily worked out by a 
blunt knife on the beam. This final cleansing process is called “ scudding.” The theory of the 
action of the “ bate,” or “ pure,” as it is sometimes called, is somewhat imperfect. It is frequently 
attributed to the action of ammonia salts, and phosphates, contained in the fermenting dung. 
Ammonia salts certainly will remove caustic lime, but, in this case, free ammonia is liberated in its 
place, which is just as powerful in swelling the pelt, and hence will not account for the rapid 
reducing effect ; while the phosphates of dung are mostly, if not entirely, in the form of phosphate 
of lime, which is quite inert. In point of fact, the process seems to be a fermentive one, the active 
bate swarming with bacteria ; to this, rather than to its chemical constituents, its action must be 
attributed. The bacteria act not only on the organic constituents of the dung, but on those of the 
bide, producing sulphuretted hydrogen, together with tyrosine and leucine, and other weak organic 
acids, which neutralize and remove the lime, and, at the same time, soften the hide by dissolving 
out the coriin, and probably also portions of the gelatinous fibre. The truth of this theory is 
supported by the fact that, in warm weather, the activity of the bate is gi-eatly increased, and that, 
if one pack of hides is over-bated, the next following is much more severely affected, the bides 
having in fact themselves furnished food for the multiplication of the bacterian ferment from the 
destruction of their own tissues. It also explains the effective use (as a substitute) of warm water 
with a very small portion of glucose, which, in itself, would be insuffloient to dissolve the lime, but 
with a small quautity of nitrogenous matter, forms an excellent nidus for the multiplication of these 
organisms. In this connection, may be mentioned the fact that, when bran drenches are used, in 
which lactic acid is developed, the butyric 
fermentation is liable, in hot weather, to 
take its place, and as butyric acid is a 
powerful solvent of gelatinous tissue, and 
- the dissolved tissue itself feeds the fer- 
mentation, rapid destruction of the skins is 
the result. 

If the removal of the lime be the only 
object aimed at in bating, the ordinary 
process is most wasteful, as well as dis- 
gusting, from the loss of pelt it entails. It 
is easy to find chemical reagents which will 
remove the lime ; but the resultant leather 
has been found wanting in softness, and it 
is probable that the solution of the inter- 
cellular matter is in many cases advan- 
tageous. 

The bating required may, however, be 
shortened, and probably with advantage, 
by washing the hides with warm water in 
a “tumbler,” or rotating drum. Fig. 917, 
prior to putting them into the bate, or the 
whole bating may be done in the tumbler. After a short bating, also, the hides may be softened 
and cleansed by stocking for 15-20 minutes. 

Various machines have been proposed to take tbe place of hand-labour in the beam work, and, at 
least as regards the smaller skins, with considerable success. As a type of these, may be mentioned 
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Molinier’a hide-working machine, Fig. 906, which consists of a drum covered with helical knives, 
rotating at a speed of about 500 rev. a minute, over a cylinder coated with iudiarubber. The 
skin is allowed to be drawn in between these drams, and the two being pressed together by a treadle, 
it is drawn out by a mechanical arrangement in a direction contrary to the rotation of the knives, 
which scrape otf the flesh, or work off the hair. 

After bating, “ shaved ” hides are reduced in thickness in the stronger parts by a shaving-knife, 
on an almost perpendicular beam. The workman stands behind the beam, and works downwards. 
The knife is represented at A, Fig. 903, and is a somewhat peculiar instrument. The blade is of 
softish steel, and after sharpening, the edge is turned completely over by pressure with a blunt 
tool, so'as to cut at right angles to the. blade. There is an obvious economy in shaving before 
tanning, since the raw shavings are valuable for glue-making, while, if taken otf by the currier, they 
are useless for this purpose. The hide also tans faster. 

Instead of shaving, the untanned hide is frequently split, by drawing it against a rapidly 
vibrating knife. The piece removed is tanned for some inferior purpose, if sufBciently perfect. 
In sheep-skins, which are split by a 
special machine, the grain-side is tanned 
for French morocco or basil, while the 
flesh-side is dressed with oil, and forms 
the ordinary chamois or wash-leather. 

Such a machine is shown in Fig. 918. 

Tanned leather is usually split by 
ibrcing it against a fixed knife, as in the 
American “ Union” machine, Fig. 919. 

After bating, scudding, and shaving, 
the hides are taken into the tan-house, 
where they are grained, either by fre- 
quent handling, or by working in a 
paddle-tumbler (a vat agitated with a 
paddle-wheel), with a liquor of suit- 
able strength. What this strength 
should be depends on whether a well- 
marked grain is required or not. The 
stronger the liquor, the more it con- 
tracts the hide, wrinkling the surface Into a network of numberless crossing furrows, which form the 
well-known marking of “ groin-leather.” In bark tannage, the after management is much like that 
described with sole-leather, except that weaker infusions are employed, and acid liquors, which 
would swell the hide and produce a harsh leather, are avoided. In old-fashioned country yards, 
which produce some of the 
best bark - tanned shaved 
hides, the liquors rarely 
range above 10°-15° of the 
barkometer, and the time 
employed is 3-6 months. The 
hides, after passing through 
a set of handlers, of gradu- 
ally increasing strength, in 
which they are at first moved 
every day, are laid away 
with bark liquor and layers 
of fresh bark, receiving per- 
haps 4-5 layers of 2-4 weeks 
each. Unfortunately, these 
tannages are so unprofitable 
that they are rapidly being 
supplanted by quicker and 
cheaper methods. 

These more rapid and 
cheap tannages mostly depend on the use of “terra” (block or cube gambier) in combination 
with bark, valonia, or myrabolams. Liquors wanned to 43° or even 60° (110°-140° F.) are employed, 
and a bright colour is finally imparted by handling in a warm sumach or myrabolams liquor, which 
dissolves out much of the colour imparted by terra or extracts. The tannage is helped forward by 
frequent handling, by working in tumblers, or sometimes by suspension on rocking or travelling 
frames, after the American fashion. 
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To this class of tannage belongs that of E. India kips, which is largely carried on in the neigh- 
honrhood of Leeds. These kips are the hides of the small cattle of India, and are imported in a 
dried condition, and with their flesh side protected (and loaded) with a coat of salt and whitewash 
or plaster. They are usually softened in putrid soaks, and nnhaired with lime, and are used in 
England for many of the purposes for which calf-skins were formerly employed. A variety of B. 
India kips, called “ arsenic Mps,” are treated (instead of plastering) with a small quantity of arsenic 
before drying, to prevent the ravages of insects, which are often very destructive to these goods. 
Many kips tanned in India have also been imported of late years, and have greatly interfered with 
the profits of English tanners. 

Drying Upper Leathers . — In yards where the leather is intended to be sold uncurried, it is taken 
up into the drying-sheds, well oiled on the grain with cod-liver oil, and either simply hung on the 
poles to dry, or stretched with a “ righter,” a tool shaped somewhat like a spade-handle, and finally 
set out with it to a smooth and rounded form. It is, however, now very common for the tanner who 
produces such leather also to curry it, and, as this effects a considerable economy, both in labour 
and material, it is likely to become universal. When leather is to be sold rough, it is necessary 
to tan it in such a way as to give it a white appearance, from the deposit of “ bloom ” already 
mentioned, this being regarded by curriers as an essential mark of a good tannage, although the 
first step in the currying process is to completely scour it out. When the tanner curries his own 
leather, he of course aims at putting in as little bloom as possible, thus saving both tanning 
material and labour. In addition, the leather goes direct from the tan-house to the currying-shopi^ 
thus saving both drying and soaking again, and, it is said, gives better weight and quality. The 
tanner, too, is enabled to shave his hides or skins more completely, utilizing the material for glue- 
stuff, which, had the leather been for sale in the rough, must have been left on to obtain a 
profitable weight. 

Currying. — In general terms, the process of currying consists in softening, levelling, and stretch- 
ing the hides and skins which are required for the upper-leathers of boots, and other purposes 
demanding flexibility and softness, and in saturating or “stuffing” them with fatty matters, 
not only in order to soften them, but to make them watertight, and to give them an attractive 
appearance. 

It is obvious that great differences must be made in the cnrrying process, according to the 
character of the skin and the purpose for which it is intended, since the preparation of French 
calf for a light boot, and of the heaviest leather for machine belting, equally lie within the 
domain of currying. In this case, however, as in that of fanning, the clearest idea of the 
general principles involved will be gained by taking a typical ease, and afterwards pointing out the 
different modifications needed for other varieties. The French method of currying waxed calf is 
selected as an example, since the well-known excellence of this leather makes it interesting to 
•compare the details with the methods ordinarily in use in this country. 

After raising the skins from the pits, and beating off the loose tan, they are hung in the sheds 
till partially dry (essorage'), great care being taken that the drying is uniform over the whole skin. 
In modem shops, this drying is usually accomplished at once, and in a very satisfactory manner, by 
means of a hydraulic press. If dried in the air, they must be laid in pile for a short time to equalize 
the moisture, and then brashed over on flesh and grain. The next process consists in paring off 
loose flesh and inequalities (^derayage). This is done on a beam, and with a knife similar to that 
used in bate-shaving, and shown in A, Fig. 903. This k ni fe has the edge turned by rubbing with 
a strong steel, and is called couteau a revers. ^ 

Next follows the mise au vent. The skins are first placed in a tub with water or weak tan-liquor 
for 24 hours ; they are then folded and placed in a tub with enough water to cover them, and 
beaten with wooden pestles for J hour. At the present day, stocks (Jcmim vertical'), or a “ drum- 
tumbler ” {tonneau d fouler), a machine on the principle of the barrel-chum, usually take the place 
of this hand labour. The skin is next placed on a marble table, flesh upwards, and with one flank 
hanging somewhat over the edge, and is worked with a “ sleeker” or stretching-iron {€tire), B, Fig. 903. 
The first two strokes are given down and up the back, to make the skin adhere to the table, and it 
is then worked out regularly all round the side on the table, so as to stretch and level it. The flesh 
is then washed over with a grass-brush (brosse d chien-dent), the skin is turned, and the other flank 
is treated in the same way. It is lastly folded in four, and steeped again in water. The next process 
is the cleansing of the grain. The skin is spread again on the table, as before, but grain upwards, 
and is worked over with a stone {amrse), set in handles, and ground to a very obtuse edge. This 
scours out the bloom ; after washing the grain with the grass-brash, it is followed by the sleeking- 
iron, as on the flesh. 

The next step is re-setting (retenage). For this, except in summer, the skins must be dried 
again, either by press or in the shed. This is another setting out with the sleeker, and, the skin 
being dried, it now retains the smoothness and extension which is thus given to it. The skins are 
now ready for oiling in the grain, for which whale-oil or cod-liver oil is generally employed. Olive- 
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oil, castor-oil, and even linseed-oil may, however, be used, and are sometimes made into an emulsion 
with neutral soap and water. After oiling the grain, the skins are folded and allowed to lie for 2-3 
days before oiling the flesh. 

The oiling on the flesh is done with a mixture of degras and tallow, in snob proportions as not 
to run off during the drying. Ddgras is the surplus oil from the chamois-leather manufacture, which 
in France is effected by daily stocking the skins with oil, and hanging in the air for oxidation. 
The degras (toise, moellori) is obtained, not by washing the skins in an alkaline ley, as in the English 
and German method, but by simple pressing or wringing. This oil, altered by oxidation, is so 
valuable for currying purposes that skins are frequently worked simply for its production, being 
oiled and squeezed again and again till not a rag is left. It is generally mixed in commerce with 
more or less of ordinary fish-oil. Eitner recommends, where the de'gras is of indifferent quality, a 
mixture of 65 parts de'gras, 20 of neutral soap (i. e. soap without the usual excess of alkali), and 15 
of soft tallow. After oiling the flesh, which is accomplished by extending the skin on the marble 
table with the sleeker, and applying grease with a sheep-skin pad, it is hung to dry at a temperature 
of 18°-21° (65°-70° P.). After drying, the surplus oil is removed by a fine sleeker from both flesh 
and grain, and the skins are ready for “ whitening ” (blanchissage). This consists in taking a thin 
shaving off the flesh, and was originally accomplished by the shaving-knife on the currier’s beam, 
and some curriers are still in favour of this method. It is now, however, done by a sleeker with a 
turned edge. The grain then undergoes a final stoning and sleeking, to remove the last traces of 
adhering oil, and the skin is grained by rubbing it in a peculiar way under a pommel covered with 
cork. It is then coated on the flesh with a mixture, of which the following is a specimen 5 parts 
of lamp-black are rubbed with 4 of linseed-oil, and 35 parts of fish-oil are added ; 15 parts of tallow 
and 3 of wax are melted together and added to the mixture ; and, after cooling, 3 parts of treacle. 
This compound is put on with a brush, and allowed to dry for some days. Finally, the skins are 
sized over with a glue-size, which is sometimes darkened by the addition of aniline-black. 

The preceding account will give some idea of the care and labour expended on these goods in 
France. In England, cheaper productions are more in vogue, and almost every process is accom- 
plished by machinery. An illustration of the Fitzhenry or Jackson scouring-maohine, which is 
largely employed both for scouring and setting out, is given in Fig. 920. 
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In the case of strap-butts, the currying is, of course, far less elaborate. They are well scoured 
out, heavily stuffed, and stretched in screw-frames, to prevent their giving afterwards when in use. 
In England, curried leathers are generally sold by weight, which leads to the use of glucose and 
other materials to add to the weight. In America, all ujiper leathers are sold by measure, and 
this is now ascertained by a very ingenious machine (Fig. 921). The skin is laid on a latticed 
table, and a frame, from which rows of bullets are suspended, is let down upon it. The total weight 
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of the frame is indicated by a spring balance, and as the bullets which are over the skin are supported 
by it, the diminution of weight indicates the measurement. 

Enamelled, Patent, or Japanned Eeatlier. — These are terms used to designate those 
leathers, whether of the ox, the horse, the calf, or the seal, which are finished with a waterproof and 
bright varnished surface, similar to the lacquered wood-work of the Japanese. The term “ enamelled” 
is generally used when the leathers are 
finished with a roughened or grained 
surface, and “ patent ” or “ japanned ” 
are the terms used when the finish is 
smooth. Though generally black, yet 
a small quantity of this leather is 
made in a variety of colours. 

Leather destined to be finished in 
this way requires to be cun-ied with- 
out the use of much dubbing, and to 
be well softened. The English prac- 
tice is to nail the skins thus pre- 
pared, and quite dry, on large smooth 
boards, fitted to slide in and out of 
stoves maintained at a temperature of 
71°-77° (160°-170° F.), coating them 
repeatedly with a sort of paint com- 
posed (fur black) of linseed-oil, lamp- 
black, and Prussian blue, well ground 
together. Each coating is allowed to 
dry in the stoves, before the next is 
applied. The number of coatings 
varies with the kind of skin imder 
treatment, and the purpose for which it is intended. The surface of every coat must be rubbed 
smooth with pumice ; finally, a finishing coat of oil varnish is applied, and, like the preceding 
coats, is dried in the stove. The exact degrees of dryness and flexibility, the composition of the 
paint, and the thickness and number of the coats, are nice points, difiSoult to describe in writing. 

This branch of the leather industry, so far as it relates to calf-skins, is carried on to a larger 
extent, and has been brought to greater perfection in Germany and France than in England. In 
the former countries, the heat of the sun is employed to dry some of the coatings. The United 
States have also brought this style to a high degree of excellence, especially in ox-hi^es. There 
use is made of the oils and spirits obtained from petroleum, and without doubt, French and German 
emigrant workmen have materially assisted in attaining this high standard. 

Leather finished in these styles is used for slippers, parts of shoes, harness, ladies’ waist-belts, 
hand-bags, See., and has now maintained a place among the varieties of leather for a long period* 
of years. ^ 

Morocco Leather.— Morocco leather is produced from goat-skins. Kough-haired or “ blue- 
back ” seal-skins are also used, and produce an excellent article ; while an inferior description, called 
“ French morocco,” is produced from sheep-skins. The skius are unhaired by limeing in the usual 
way, qnd are then baited with a mixture of dogs’ dung and water. The tanning is done chiefly with 
sumach, at first in paddle-tumblers, and then in handlers, lasting about a month in all. Sheep- 
skins are usually tanned through in about 24 hours, by being sewn up into bags, grain side out 
wards, and nearly filled with strong sumach infusion. A little air is then blown in, to completely 
distend the skin, and they are floated in a sumach bath, and kept moving by means of a paddle^ 
After the first day’s immersion, they are thrown up on a shelf, and allowed to drain; they are then 
again filled with sumach liquor ; when this has a second time exuded through the skin, they are 
sufficiently tanned, and the sewing being ripped open, they are washed and scraped clean,’and hun» 
up to dry, making what are called “crust-roans.” The dyeing is sometimes done by brushino- on a 
table, grain side upward.s but more usually the skins are folded closely down the back, flesh side 
inwards, so as to protect it as much as possible from the influence of the colour, and then passed 
through the dye-bath, which is now generally of aniline colours. The original’ oriental method 
of manufacture for red morocco was to dye with cochineal before tanning, and this is still 
customary in the East, but is quite obsolete in this country. A grain or polTsh is given to tL 
leather, either by boarding, or by working under small pendulum rollers, called “jiggers ” which 
are engraved either with grooves or with an imitation of grain. A well-cleaned sumach-tanned 
skin is capable of being dyed in the finest shades of colour ; and this branch of the manufacture of 
leather has been brought to great perfection. 

Bussia Leather (Gee.. Juchtenledery.—ThU is tanned in Eussia with the bark of various species 
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of willow, poplar and larch, either by laying away in pits, or handling in liquors, much like other 
light leathers, the lime being first removed by bating, either in a drench of rye- and oat-meal and 
salt, by dog-dung, or by sour liquors. After tanning, the hides are again softened and cleansed by 
a weak drench of rye- and oat-meal. They are then shaved down, carefully sleeked and scoured 
out, and dried. The peculiar odour is given by saturating them with birch-bark oil, which is rubbed 
into the fiesh-side with cloths. This oil is produced by dry distillation of the bark and twigs of 
the birch (see Oils — Birch-bark). The red colour is given by dyeing with Brazil-wood ; and 
the diamond-shaped marking by rolling with grooved rollers. 

Much of the leather now sold as “ Eussia ” is produced in Germany, France, and England. It is 
tanned in the customary way, occasionally with willow-, but more generally with oak-bark, and 
probably other materials. Economy would suggest the use of such materials as, from their red 
colour, are objectionable for other purposes, and therefore cheap. The currying is in the usual 
manner, care being taken that the oil used does not strike through to the grain, which would prevent 
it taking the dye. The colour is given by grounding with a solution of chloride of tin (100 parts 
perchloride tin, 30 parts nitric acid, 25 parts hydrochloric acid, allowed to stand some days, and 
the clear solution poured ofl:', and mixed with 12 volumes of water). The dye-liquor may be com- 
posed of 70 parts rasped Brazil-wood, 3 parts tartar, and 420 water, boiled together, strained, and 
allowed to settle clear. The grounding and dyeing is done on a table with a brush or sponge (see 
Glove-kid dyeing, p. 1239). The odour is communicated by rubbing the flesh-side with a mixture 
of fish-oil and birch-bark oil, which sometimes contains no more than 5 per cent, of the latter. 

Calf-kid. — Calf-kid is used for light upper-leather, and belongs to a different class from any 
yet described, being “ tawed ” instead of tanned. In this respect, and in most details of its manu- 
facture, it resembles glove-kid. 

The process is as follows. Selected calf-skins, dried or salted, are the raw material, and after a 
suitable softening in fresh water, are limed for 2-3 weeks, or till the hair goes easily. They are 
then uuhaired and fleshed in the usual manner, pured with a bate of dogs’ dung, scudded, and again 
cleansed with a bran drench. In Germany, the bran drench is used alone, and is composed of 33 lb. 
bran to 100 medium skins. Before use, the bran should, especially in summer, be well washed 
to free it from adhering meal. The temperature of the drench should not exceed 38° (100° F.), and 
the skins should remain in for 8-10 hours. Lactic acid is produced by fermentation ; this 
removes lime, and is itself neutralized by the products of putrid fermentation which succeeds it. 

The tanning is accomplished in a drum with a mixture of alum and salt ; and after drying, the 
skins are again moistened, and worked in the drum with a mixture of oil, flour, and egg-yolk. In 
the German method, these two operations are combined. Eitner, who has written a series of articles 
on the process, gives 40 lb. flour, 20 lb. alum, 9 lb. salt, 250 eggs, or about 1^ gal. of egg-yolk, 

^ pint (J litre) of olive-oil, and 12-16 gal. water, as a suitable mixture. The skins are worked in 
a drum-tumbler (preferably a square one) for 20 minutes, then allowed to rest ten minutes, and 
this process is twice repeated. The temperature must not exceed 38° (100° F.), and it is said to 
be important that the drum should be ventilated by holes at the axis. 

The skins are allowed to drain, aretlien rapidly dried at a temperature of 60°-71° (140°-160° F.), 
and, after “samming,” or damping with cold water, are staked by drawing them to and fro over 
a blunt knife fixed on the top of a post. They are then wetted down and shaved, either with the 
moon-knife or ordinary curriers’ shaving-knife, and sometimes receive a second dressing of oil, flour, 
and egg, to soften them still further. 

Dyeing Mack is accomplished either by brushing on a table, or by “ ridging ” or folding, grain- 
side outwards, and drawing quickly through baths of the mordant and colour. To prepare them 
for the colour, stale urine is generally employed. A deeper colour, and one less liable to strike 
through the skin, is obtained by adding i lb. bichromate of potash to 4 gal. of urine, or the follow- 
ing mixture may be substituted with advantage, viz. i lb. Marseilles soap dissolved in boiling 
water, 5 or 6 egg-yolks added, and the whole made up to 4 gal. with water and i lb. bichromate of 
potash. The colour used is infusion of logwood or its extract, or two-thirds logwood, which is best 
extracted by stale urine or old soak-liquor, with addition of a small quantity of soda (1 lb. to 25 lb. 
dye-wood). It is flxed and darkened by a wash of iron-liquor (1 of protosulphate of iron in 75 of 
cold water). After being again dried, the skins are grounded with the moon-knife, and rubbed over 
on the grain with a composition containing oil, wax, &c., and are finally ironed with a flat-iron, to 
give them a fine and smooth surface. Eitner gives a recipe for the gloss : — 1 lb. gum arabic, i lb. 
yellow wax, J lb. beef-tallow, f lb. Marseilles soap, 2 lb. strong logwood infusion, and 1 gal. water. 
The water is brought to a boil in an earthen pot, and then the soap, wax, gum, and tallow are 
added successively, each being stirred tiU dissolved before adding the next, and lastly the logwood. 
After boiling for an hour, it is allowed to completely cool, being incessantly stirred diuing the whole 
process. 

Glove-kid. — This branch of leather manufacture is mainly carried on in Germany, Austria, 
and France. In Germany and Austria, lamb-skins are principally employed ; in France, kid- 
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skiHB. For ine gloves, the skins of very yonng animals only can be nsed. The commonest style of 
mannfactnre is as follows ; — The soaking of the dried skins is effected in large wooden tubs {Kufen, 
Bottichen), and occupies on the average . 3-4 days, according to the character of the soak-water, the 
size of the skins, and the time they have been stored. The skins, when thoroughly and uniformly 
softened, are nnhaired, either by painting the flesh-side with a thin paste of lime, or in lime-pits. 
In nnhairing by painting (SchwSden), the skins, after coating the flesh-side with lime, are folded 
together, so that the lime comes as little as possible into contact with the wool, and these bundles 
or “ cushions” are placed in a tub, in which they are most frequently covered with water. After 
imhairing on the beam with a bluntinife, the skins must be limed for some days, in order that the 
leather may stretch well, a quality which the Germans denominate Zug. By this method of 
unhairing, the wool is preserved uninjured, but it is not suitable for the finer sorts of leather. The 
unhairing in lime-pits is done either with gas-lime {Grunkalk}, or, as is now almost exclusively the 
practice, with the so called “ poison-lime ” (GiftSscher). This is prepared by mixing red arsenic 
(arsenic sulphide) with lime, while it is being slaked, and is at its hottest. The calcic sulphydrate 
(and perhaps sulpharsenite) thus formed hastens the unhairing, and gives the grain a higher gloss. 
Well-conducted establishments now avoid as much as possible the use of old limes, which produce a 
loose, porous leather, with a rough, dull grain. The limeing lasts on the average ten days, and is of 
the greatest importance. It is essential that the interfibrillary substance shall be dissolved, that the 
leather may have the quality known as Stand, that is to say, may be strongly stretched in either 
length or breadth without springing back. It also depends upon the limeing (and this is of special 
importance in the case of lamb-skins), whether the tissue of the fat-glands is well loosened, so 
that the fat, either as such, or as lime- or ammonia-soap, may be readily and completely worked 
out. Skins in which this is neglected can never be properly dyed. 

When the hair (or wool) is well loosened, the skins are rinsed in water, and then nnhaired on the 
beam with a blunt knife. The water employed in washing should not be much colder than the 
limes, or it will prevent the hair from coming away readily. The wool or hair is washed and dried 
for sale. The skins are thrown into water, to which a little lime-liquor has been added, to prevent 
precipitation of the lime in the skins by the free carbonic acid of the water, which would have the 
effect of making them rough-grained. 

Next comes the first fleshing ( Vergleicheri) or “ levelling.” By this, the loose cellular tissue on the 
flesh-side is removed, together with the head, ears, and shanks, and the flanks are trimmed. The 
skins are then again thrown into water, softened with lime-liquor as above described, and then into 
a bate of dogs’ dung. This is prepared by stirring up white and putrid dogs’ dung with boiling 
water, and straining it through a sieve or wicker basket. The bate must be used tepid, and not too 
strong. The skins “ fall ” (lose their plumpness) in it rapidly, and become extremely soft and fine 
to the touch ; and the fat-glands, remaining hairs, and other dirt, can now be very readily scudded 
out So far no completely satisfactory substitute has been found for this somewhat disgueting mix- 
ture, but it has been noted that guano will produce similar effects. "With regard to the mode of 
action of the dung bate, much has been speculated without proof, and exact analytical evidence is 
wanting ; but, no doubt, a weak putrefactive action goes on, as may be deduced from the presence Of 
bacteria ; further, the ammonia and weak organic acids present in the putrefying dung are capable 
of acting on fat and lime ; and finally, a direct mechanical effect seems to be produced, difficult to 
describe, but favourable to the succeeding manipulation. Too strong bates, or too long con- 
tinuance in them, produces evident putrefactive effects on the skins. 

When the skins come out of the bate, they are stretched and worked (ghgezogen) on the flesh with 
a sharp knife, and any remaining subcutaneous tissue is removed. This constitutes the second 
fleshing. They are then rinsed in warm water, and beaten with clubs (Stoss-ieule) in a tub, or 
worked in a tumbler-drum ( Wofi/ass), in either case with a very little water only; and finally 
brought into a tank of water, not too cold, and kept in constant motion with a paddle-wheel. ^ 

The skins are next cleansed on the grain-side by working on the beam with plates of vrilcanite 
with wooden handles, so as to remove fat, lime- and ammonia-soaps, and other lime compounds 
together with all remaining hair or wool. The skins are now a second time washed in the “ paddle- 
tumbler,” first in cold, and then in tepid wafer; and after allowing the water to drain from them 
they are transferred to the bran-drench. ’ 

Bran-drench.— This is prepared by soaking wheaten-bran in cold water, diluting with warm 
water, and straining the extract through a fine hair-sieve. Sufficient of the liquid must be employed 
to well cover the skins, and the temperatine may range from 10° (50° P.) to 20° (68° F ) These 
conditions are favourable to bacterial activity, which comes into play, and, on the one han^ 
evolves formic, acetic, lactic, and butyric acids, which dissolve any remaining traces of lime and 
on the other, loosens and differentiates the hide tissue, so as to fit it to absorb the tawing solution 
(Gare). Much care is required in the management of the bran-drench, especially in summer since 
, the fermentation readily passes into actual putrefaction. The tawing-mixture is composed (like 
that employed in the fabrication of calf-kid, q. v.) of alum, salt, flour, and egg-yolks ^ a quite 
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thin paste. The sHns are either trodden in it with the feet, or put into a tnmbler-drum with it. 
Kathreiner printed out, some years sinoe (in vol. i. of ‘ Der Gerber ’), that a misture of oliveoil and 
glycerine might be partially substituted for the egg-yolks, in both the tanning and dyeing of glove- 
kid leather. 

The tawed skins are now dried by hanging on poles, grain inwards. Rapid drying in well- 
ventilated, but only moderately-heated, rooms is essential to the manufacture of a satisfactory 
product. 

The dry leather is rapidly passed through tepid water, and after being hung for a very short 
time, to allow .the water to drain off, is trodden tightly into chests, and allowed to remain in them 
for about 12 hoiu-s, so that the moisture may be uniformly distributed. It is then trodden on 
hurdles {Borden), composed of square bars of wood, joined comer to comer, so as to make a floor of 
sharply angHsr ridges. Fig. 

922. The next operation is 922 . 

stretching over a circular 
knife, called the Stollmond 
{stollen, Eng. “ staking ”), 
shown in Fig. 923 ; then the 
leather is dried nearly com- 
pletely, and staked again. 

Dyeing. — The dyeing of 
glove-kids is done in two 
ways ; — a. The skins are 
plunged into the dye-bath 
{Tunkfarben). In this way, 
all light colours are ordi- 
narily produced, such as gris- 
perl (pearl-grey), pa{ll4 (straw-yellow), chamois (reddish-yellow), silver-grey, aquamarine, &c. 
6. The skins are spread on an inclined or rounded table of stone or metal, and brushed over, on 
the grain side, first with a mordant {Beitze), then with the dye-liquor, and' lastly with a solution of 
a mineral salt. The mordant serves to fix the colour on the surface of the skin, to prevent its striking 
through, to produce certain modifications of colour, and to enable any parts of the skin which yet 
contain fat to take the colour evenly with the rest. To satisfy these condi- 
tions, the composition of the mordants is very varied. Bichromate of potash, 
ammonia, potash, soda, and stale urine are among the most frequently 
employed, seldom separately, but usually in a mixture containing two or more. 

Dyestuffs of vegetable origin have always held the first place. Those 
most in use are logwood {Blauholz), Brazil-wood {Sothholz), the two fustics 
— Cilia Gelbholz {Moras tinctoria) and Vngarisches Gelbholz {JRhus coiinas), 
several species of willow-bark and of berries, indigo-carmine, and indigo 
dissolved in sulphuric acid. 

Aniline colours used alone remained in fashion for a short time only, but are now usefully 
employed as top-colours ( Ueberfarben), viz. brushed in very dilute solution over vegetable colours. 
In this way, particularly tasteful shades of green, violet, and marine-blue may be produced. 

After the mordant has been applied once or twice, and the colour 3-6 times, a wash ( Ueberstrich) 
containing some metallic salt is generally applied, with the object either of bringing out the special 
tone required, or of making the colour more lively and permanent. . The so-called ‘‘ vitriols ” are 
mostly employed : “ white vitriol ” (zinc sulphate), “ blue vitriol ” (copper sulphate), “ green vitriol " 
(iron sulphate), and occasionally other salts. 

Before dyeing, the greater part of the flour, salt, and alum must be removed from the skins by 
washing with tepid water ; and therefore require a second feeding {Nahrung) of egg-yolk and salt. 
In the case of the skins which are dyed by plunging into the dye-vat ( Tunkfarben), this is done after 
the dyeing is completed. In that of brush-dyeing, before the dyeing process. 

After the dyeing, the skins, if dipped, are wrung out ; if brush-dyed, sleeked out with a brass 
plate, to get rid of superfluous water. They are then dried in an airy room. Before staking 
(stretching), the skins are laid or hung in a damp cellar, or in moist saw-dust. They are staked 
twice : once damp, and once nearly dry. 

Skins which are much damaged on the grain, or otherwise faulty, are smoothed with lump 
pumice on the flesh side, either by hand or machine. They are then dyed on this side, mostly by 
dipping, but occasionally with the brush, in which case, the method described is slightly modified. 

Indebtedness is acknowledged to F. Kathreiner, of Worms, and David Kichardson, of Newcastle, 
for much information on the production of light leathers. 

Bibliography. — C. Morfit, ‘ The Arts of Tanning, Currying, and Leather-dressing ’ (Philadelphia ; 
1852); F. Dussauce, ‘ Tanning, Currying, and Leather-Dressing’ (Philadelphia: 1865); H. Villain, 
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(See Skins ; Tannin.) H. B. P. 

• 

lilNEN aEANXrFACTUBES (Fa., Industrie toilih-e, linih'e ; Geb., Ijeinenmcmufactur'). 

The spinning and weaving of fiax is undoubtedly the second, if not the oldest, of the textile 
juts. Evidence of the truth of this statement abounds on every hand. The paintings in the tombs 
of Upper Egypt, in which the processes of manufacture, from the pulling of the flax to the weaving 
and finishing of the cloth, are vividly represented, taken in conjunction with the remarkable-pre- 
servation of the cloths in which the ancient Egyptians enshrouded their embalmed dead, render its 
certainty beyond dispute. Every fact in connection with this subject, which has been brought to 
light, tends to show the very high degree of perfection to which these people had carried the 
industry. Whether they invented the art of weaving, or received it from a people older than them- 
selves, it is useless now to inquire. Certain it is that, after Egypt had long been the emporium of 
manufactures and commerce, the art under notice gradually spread beyond its boundaries into 
neighbouring lands. The Israelites, on their departnre from captivity, carried with them a know- 
ledge of the industry which they had acquired during their sojourn by the Nile. Phoenicia 
possessed the art at a very early period, and Sidon, Tyre, and Carthage were successively great 
centres of commerce in “purple and fine linen.” The cultivation and manufacture of fiax became a 
considerable industry in ancient Greece and Borne. In these states, it first appears to have attained 
such dimensions as to become a separate handicraft or trade, though far from having become extinct as 
a domestic institution. In the former country, so high a degree of escellence was attained, that when 
the simplicity of the means the artisans possessed is borne in mind, the results achieved command 
the admiration of experts of the present day; and Spain, Gaul, and Germany doubtless received 
the art from these sources. During the period following ihe fall of Borne, the linen manufacture, 
along with other arts and industries, was nearly destroyed. The maritime and free cities of Italy 
were the first to accord renewed encouragement to the fiax industry, and Bruges, Hamburg, and 
other towns became eminent centres. The Flemings at a very early period became fiax manufac- 
turers, and great numbers earned their subsistence by weaving, and disposing of their productions 
in France; under Baldwin HI., and several subsequent rulers, the woollen and linen manufacturers 
of Flanders rose to great importance, and maintained their high rank until intestine quarrels and 
religious persecutions drove the craftsmen to foreign lands. From the 6th century down to the 
present day, Germany has possessed a manufacture and trade in linen goods of considerable extent 
and importance, while the raw material has been largely cultivated in its alluvial districts. The 
Netherlands for a long time manufactured, and otherwise traded with great benefit, in linen fabrics. 
Since its separation, Belgimn has devoted great attention to the cultivation and manufacture of fiax, 
and as regards the production of the raw material, now stands at the head of the industry. France 
for more than 1000 years has grown and manufactured flax, the fibre raised by the farmers being 
dressed, spun, and woven for domestic use long before the modem system of manufacture was 
originated ; during the current century, the industry has made considerable progress, and though 
formerly spread over a large area of country, it is now mainly concentrated in particular localities, 
situated in the northern and western provinces: Flanders (French), Picardy, Isle of France, 
Normandy, Maine, and Brittany. Bussia raises large quantities of flax, which is exported in the 
unmanufactured state ; for centuries past, it has possessed a domestic manufacture, spread over 
its extensive dominions, and since machinery has been applied to it, the country has made fair 
though not great progress in adapting itself to the changed circumstances ; formerly its linen manu- 
factures, being composed of the better qualities of flax, stood high in various markets, but they have 
been supplanted to a great extent by the cheaper fiibrics produced from jute and jute mixtures in 
Dundee. The states of N.-W. Europe — Denmark, Norway, and Sweden — possessed an industry in 
this article of ancient origin, but of only the smallest importance. Switzerland is prevented by geo- 
graphical location, and unsuitable soil, from excelling in the production or manufacture of flax • 
but notwithstanding these disadvantages, it has succeeded in founding a considerable industry, 
the raw materials being imported from the surrounding countries, and the manufactured fabrics 
, supplying the home market, and finding their way into Italy, Austria, and the Dunubian States. 
The linen manufactures of other foreign countries are of the most insignificant character. 
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Flax and its manufacture have long been known in Great Britain and Ireland. The art of 
mannfacturing the fibre seems to have been introduced by the Belgse, and the existence of a 
manufactory of woollen and linen cloth at Venta Belgarum (Winchester) is recorded in the 
‘ Notitia Imperii.’ During the troubled period following the withdrawal of the Romans, the art 
rapidly fell into decay, and it was not until the Saxons had established their dominion that atten- 
tion was again directed to the manufacture of wool and flax. Before the close of the 7th century, 
weaving had made great progress, and the Anglo-Saxon females had gained wide repute for their 
skill. Records show that the materials chiefly or solely used were wool and flax, fabrics manu- 
factured from the latter fibre being worn as under-garments by all persons of moderate rank or 
wealth. In the interval between the 7th century and the Norman invasion, further progress was 
made ; the Bayeaux Tapestry commemorating that event has for its foundation a linen fabric, 20 in. 
wide and 214 ft. long, the figures being worked in with dyed woollen yarns. Among the invaders, 
were many Flemish weavers, who were subsequently followed by others of their countrymen ; and 
guilds or fraternities of these artsians were soon founded. In 1253, fine linen was first made in 
Wilts tod Sussex : and in 1272, Irish linen was in use at Winchester. In Wales, the manufacture 
was established at an early date, records stating that, in the commencement of the 14th century, 
linen was a common article of wear. Fine linen was at this time imported from Rheims. The 
linen industry fluctuated greatly during the next three centuries, sometimes being stimulated into 
considerable activity and growth, and again left to neglect and decay. At the commencement of 
the 18th century, it had obtained a position of great importance, and those engaged therein, in 
conjunction with the woollen manufacturers, were sufficiently powerful to obtain the passing of 
many protective or prohibitive laws directed against foreign goods, especially the calicoes and 
muslins of India. The introduction of the cotton manufacture soon after this time had a 
depressing influence upon the linen trade. At first, cotton yams were only used for weft ; but after 
Arkwright’s invention had been perfected, they were made strong enough to .serve for warp 
purposes, and the growth of the cotton trade subsequently almost destroyed the linen manufacture, 
both spiimers and weavers turning their attention to the new fibre, and engaging in the production 
of the new and popular fabrics. Since that time, in England it has been a decaying industry, 
and at present there is little of it surviving. 

In Ireland, the course of the linen manufacture has been in a great measure parallel with that 
of this country. For a long period, the country was noted for the production of the raw material, 
much of which was exported to England in the fibre, and also in yam ; here it was woven into 
cloth, and to some extent returned again for sale. Towards the middle of the 17th century, linen 
manufacturing was thoroughly established in the island; Ireland had also at that time a con- 
siderable woollen trade, but this was discouraged for political reasons, and the linen trade was 
stimulated by every available means. From the beginning of the 18th century, its course has been 
one of steady progress, and, owing to the comparatively early adoption of machinery in the 
different processes, the present century has witnessed a great expansion. 

In Scotland, Uueu manufacturing was established at a very early date, and was often encouraged 
by the Government. It also sufiered the usual fluctuations incident to favouritism. The industry 
was spread over almost the whole of the country, and attained, owing to the introduction of 
Flemish and other skilful weavers, a high degree of excellence. More recently, when machinery 
became generally adopted, it concentrated in the localities which have since acquired repute for 
their excellent productions. Of late years, however, the linen trade has to some extent been over- 
shadowed by the progress of the jute manufacture. 

In all the countries ancient and modem over which the cultivation and manufacture of flax 
extended, the implements in use, until towards the close of the last century, were of the simplest 
kind. The excellence of ancient textiles was the result purely of skilful manipulation. It was 
not until the Greek and Roman periods that any real advance was made in the art of manufacturing 
linen. The method of spinning then adopted was to make a loose ball of the fibre, into which the 
distaff was inserted, the lower end being held under the arm in such a position as to allow of the 
fibre being conveniently drawn off by the fore-finger and thumb of the right hand. The spindle, 
on its lower extremity, had a whorl of wood or other material, by which it was kept steady, and its 
rotation was assisted. The upright loom seems to have been preferred. The stamen or warp was 
passed over a cross-beam or rail on the top of the loom, and kept in a state of tension by being 
divided into sections, with stones suspended from each. A set of lease-rods were used to separate 
it into equal portions, the threads alternating on each side, as in the modern method. The heddles 
were formed of threads, fastened at one end to a straight rod, and having at the other end a ring or 
loop, each containing a thread of the warp. The number of these varied according to the texture 
of the cloth. The weft was carried on a spindle or bobbin. In weaving, the shed was formed by 
drawing one or more leaves of the heddles forward at one time, and passing the pim through the 
open shed. The tension upon the warp drew these back into their first position, when the next in 
order were drawn forward in a s imil ar manner, the weft was again inserted, and the operation was 



1242 


EINiar MANUFACTUEES. 


repeated. Each thread of weft was passed to its position by the pecten or comb, which fulfilled 
“the office of the modem reed. The teeth of the comb were inserted between the threads of the 
warp, and thus made to drive the pick of weft close to the preceding one, in order to obtain a firm 
cloth. 

No important improvement took place in the means or processes employed until the invention 
of the hand spinning-wheel. The first step beyond the distaff and spindle, which had sufficed for 
the necessities of mankind through many centuries, was the invention of a mde frame for holding 
both these instruments, thus relieving the operator's hands for other duties. This arrangement, 
about the commencement of the 16th century, was much improved by having the spindle mounted 
for driving by a belt from a large wheel turned by hand. A treadle was soon after added for 
working it by foot. The form of the loom, too, had undergone a great change, having assumed one 
which allowed the warp to be arranged horizontally in the frame. The healds were modified 
so as to admit of being worked by foot-levers or treadles, and the batten or slay containing the 
reed was suspended inside the frame from the top, and made to oscillate upon centres. This 
enabled the weaver to drive home every pick of weft with greater facility, speed, and ease tlTan by 
any previous arrangement, and tended greatly to increase the production. The shuttle was passed 
through the shed from hand to hand, as before, and when wide cloths were being made, two weavers 
were required to operate one loom. As linen and woollen were the only two fibres wrought to any 
important extent, both branches of the industry appropriated these improvements in nearly every 
country, as soon as the limited intercourse between them would allow. 

The Saxon wheel, soon after introduced, was more perfect than the preceding. The spindle of 
this wheel was supplied with a bobbin, on which the thread was wound, and with a “fiier” 
revolving at a greater speed than the bobbin, whereby the fibres were twisted as required. This 
constituted a great advance ; and so perfect was its action that it has never been surpassed to this 
day. Its principle is still embodied in many of our preparing- and spinning-macliines. 

This wheel was a long time before it supplanted the more antique instruments, but during 
the 18th century, the latter finally disappeared. About 1764, it was further improved by the 
addition of another spindle. This was called the “two-handled wheel,” and maintained its ground 
until the beginning of the present century. This, in its day, was a very efficient instrument. Its 
frame was mounted on three legs. To the right of the operator, was a spoked wheel, about 2 ft. in 
diam., on the axle of which was a crank carrying a connecting-rod, whose opposite extremity was 
attached to a treadle operated by foot. On the left, the two spindles were mounted in a part of the 
frame, which rose to a suitable altitude. The spindles were famished with small whorls, grooved 
on their periphery, for the reception of the driving-bands. The large wheel was also hollowed 
around the rim for the same purpose. The driving-bands were composed of hard-twisted woollen 
or flax yam, the selection depending upon the fibre for which the machine was being used ; some- 
times gut was the material. Each spindle had a flier for twisting the thread, which was' wound 
upon a “ bobbin,” a thin wooden tube, fitting rather loosely upon the spindle. The flier revolved 
with ^great rapidity, the bobbin following more slowly, being held in check by the thread, and 
revolting only at a rate sufficient to take up the yarn as it was delivered by the spinner. The 
distafif was attached to the wheel in the most convenient position for permitting the fibres to be 
drawn off with facility by the hands of the worker, both being employed in drawing the material 
and forming the threads. These, in process of spinning, were from time to time shifted upon a 
series of bent wires, so as to fill the bobbins as evenly as the appliances would permit. The threads 
were moistened with saliva by the worker, to make the fibres more pliable and yielding to the 
torsion applied, and thus more readUy form a soUd thread. The filled bobbins were placed upon a 
pin held in the left hand, and their contents were wound upon a flax-reel, 120 rev. of which 
constitute a “ out.” This quantity was tied together, and others were added until there was 
a sufficient number to form a hank, when it was removed. In spinning on both the one-thread and 
two-thread wheels, great expertness was attained by the best workers, and their yam was remarkable 
for solidity, smoothness, ronnduess, and evenness. 

The hand-wheel did not give way to its mechanical competitor until the close of last century 
and before disappearing, had applied to it the mechanical traverse of the flier, for laying the thread 
in even layers upon the bobbin by automatic means, instead of passing them successively along the 
series of crooked guide-wires by hand. ■' ° 

The successes of Hargreaves, Arkwright, and Cartwright in the invention and application of 
machinery to the kindred industry of cotton-spinning, during the latter half of last century soon 
suggested a similar course in relation to the flax manufacture. This was quickly followed and very 
soon correspondingly fayourable results were achieved, the new machinery superseding for ever tho 
appliances which had sufficed for so long. The lead in this movement was taken by an optician 
and a clock-maker, named Kendrew and Porthouse, of Darlington. The former appears to have 
been the prime mover. An inspection of the Lancashire cotton machinery resulted in a patent 
being taken out in 1787, described as being for “ a mill or machine upon new principles for sphming 
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yam ftom hemp, tow, flax, or wool.” Several of these machines were fitted np and snccessfully 
worked for some years in a small mill situated on the Skerne, at Darlington. They soon 
attracted the attention of Scotch manufacturers, who erected some on the same principle, and paid 
a royalty to the inventors. But the progress made was not very great or satisfactory. The 
machinery was rude, and roughly finished, and the work was correspondingly difficult and inferior. 
It was many years before machine-spun yarns equalled the quality of those obtained from 
the hand-wheel. Experience dictated suocessive improvements and inventions, which so far 
“ perfected the yarns that in the early part of the present century they began to supersede hand- 
spun yams, which finally disappeared. Many inventors contributed to this result, and their 
improvements will, to some extent, come under notice presently. The linen manufacture as now 
conducted requires large establishments, furnished with expensive machinery, and backed by 
considerable capital, to work with advantage. There is also needed a great amount of technical 
knowledge, which is called into requisition at every stage of the process, from the selection of the 
raw material to the time when it emerges from the manufacture in a finished state ready for the 
consumer. Without these essentials, there is considerable risk of failure. 

Flax (see Fibrous Substances — Linum usitatissimum), after undergoing the treatment necessary 
to prepare it for the market (pp. 964-978), and passing into the hands of the manufacturer, is sent 
into the store of the spinning-mill, arranged in separate piles or lots, according to quality or 
growth, and ticketed with the number allotted to the grower from whom it has been purchased; 
The particulars of these lots are carefully taken down, and entered in the store-book for future 
reference. Tiiis is necessary in order to enable the selection for working to be made to the best 
advantage, because successive purchases made from one grower are found to be the most uniform in 
length, strength, and colour, having been grown upon the same soil, and from the same quality of 
seed, and retted in the same water. Similarity in these respects enables the first process, 

“ roughing,” to be performed more satisfactorily than if the fibre varied in its chief qualities. The 
first process being performed well does much towards assuring satisfactory results in the end. 

Roughing.—'’' Boughing ” is conducted as follows : — Scutchers make up the flax for market in 
bundles of 14 lb., constituting a “ stone ” of flax. Each stone contains 5-8 “ stricks ” or handfuls 
of finished flax, and each strick is composed of two “ fingers,” two of the small lots that have been 
treated at one operation in the scutching-process. The “rougher,” having been supplied with his 
parcel of flax, about 2 cwt., takes one of the stones, and separates it into stricks and again into 
fingers. Holding one of the latter in his left hand, with the butt or root-end from him, he with 
his right hand separates as much flax from the bulk as he can conveniently hold between his fore- 
finger and thumb, being careful to select those fibres that have their ends level with each other. 
With a quick jerk of his right hand, he draws the selected fibres from the bulk, and swinging his 
arm around, brings them down upon the table in a semicircular form, with the convex side towards 
him. This operation is repeated, the rougher taking care to have all the pieces as nearly as 
possible of the same size, which is essential to the proper performance of the roughing, and beinn- 
careful also to lay the pieces so as to form a straight row on his table. This is called “ piecing 
out,” and is continued until the rougher has made a pile of pieced-out flax sufficient to occupy him 
for an hour or more in “ rough dressing.” This he commences by grasping a “ piece ” near the 
“ top-end ” ; leaving nearly the whole length before his hand, he jerks it behind him, and by " 
drawing it suddenly back, thoroughly loosens it, and brings it down well spread upon the pins of 
the hackle, which is firmly bolted to the bench on which he is at work. Having gripped the 
piece near the top, as he proceeds to pull it through the hackle, all the short fibre is retained 
in the pins by the root-end, which is the object sought. He next takes the root-end of the piece 
between the finger and thumb of the left hand, and placing it over the comer pins of the hackle 
draws it through with his right hand, leaving the weaker fibres with those previously in the 
hackle. Then, moving his hand down the piece a little towards the middle, he places it upon the 
portion in the hackle, in such a position that, when the latter is drawn through the pins, the ends 
of all the portions shall fall exactly level. Should the extremities be slightly irregular,' he levels 
them by drawing out the projecting ends, and placing them in order. The operation is completed 
by the rougher next taking the top-end of the flax, and, by a quick turn, wrapping it around his 
right hand, and keeping the end that he is roughing well spread out between his finger and thumb 
he throws the piece a second time over the hackle, draws it steadily through, and clears the 
remainder of the short fibres out of it. Again taking the root-end in his left hand, he laps it 
round the “ touch-pin,” a sharp, square, or triangular steel pin, fixed upright in a block of hard 
wood, fastened to his bench on the left of his hackle, and breaks off all the loose, short, and 
straggling fibres that remain, thereby securing a perfectly square root-end. The top-end is then 
with one or two exceptions, treated in a similar manner, after which the piece is placed upon the 
heap of roughed flax, the rougher taking care, in withdrawing his hand, to leave in each a partial 
twist, so as to keep them distinct, for facilitating the succeeding operation. 

Boughing is very expeditiously performed. In roughed flax, there are about 5-9 “pieces” in 
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the lb., and in a day’s work of lOJ hours, a good rougher will complete about 300 lb., or 10-14 cwt. 
a week. The flax as thus prepared is termed “ longs ” ; the portions broken off around the touch- 
pin, after being cleared from the tow, are weighed in with the longs, and called “ shorts,” being 
subsequently kept distinct. Eoughers earn 15-20s, a week, according to their capability, being 
paid at the rate of about Is. 9d. a cwt. High-class qualities of flax, having been carefully prepared 
for the market, generally need less dressing than other descriptions, and low qualities do not 
repay much expenditure upon them. The former include Belgian, Dutch, English, and French, 
whilst the latter are nwstly composed of Bussian, German, Italian, and some Irish sorts. The rate 
of pay for dressing these different sorts varies proportionately to the labour spent upon them. 
Irish flax requires most dressing, being as a rule carelessly prepared for the market. 

Machine-hackling. — After undergoing rough dressing, the material is brought forward to the 
next process, machine-hackling. Each fibre of flax, being composed of a number of finer filaments 
bound together by a natural gum, is capable of being chemically separated to its ultimate fibres. 
It is not often that this is done, however, and perhaps never for manufacturing purposes. The 
amount of splitting which the fibre undergoes in machine-hackling depends upon its quality, and 
the purpose for which it is destined. There are several varieties of machines constructed for 
accomplishing this object, all possessing particular merits, and being generally efficient. 

The hackling-machines in a flax-mill should not be all alike in fineness, nor adapted for exactly 
similar work. Should the mill not possess more than three, one each should be fitted for coarse, 
medium, and fine work, because it is certain that, with the best care in purchasing the raw 
material, these three grades will come to the front in the necessary classification. The “ parcels ” 
from the “ roughing-shop ” having been allotted to appropriate machines, the attendant who serves 
the operatives in charge of the hackUng-machine, generally a boy, gives them the shorts of each 
parcel to put through first, to serve as a distinguishing mark between that and the preceding 
parcel, which enables an accurate account to be taken of the weight of the longs obtained from 
each 2 cwt. The flax of each parcel, as the machining goes on, is made up into bundles of about 
10 lb. each, termed “ tipples,” by a boy who attends a number of machines, and who is technically 
called a “ tippler.” His task is to go round and make up these tipples, and to answer the call of 
the hackler when his parcel is finished. The tipples, having all been put into a basket, are 
taken to the weighing-machine or scales, where the nett weight is ascertained ; another boy at the 
same time brings the tow, the particulars of which are also taken, and entered upon a ticket. The 
weights being added together, the total should come to within a lb., or thereabout, of the weight of 
the parcel. 

The feeding of the machine is performed as follows The filler — a boy — takes two pieces of 
flax from that received from the rougher, which he spreads upon a metallic plate, about 12 in. by 4, 
and which has a bolt called the “ holder ” fixed in the centre. A piece is spread on each side of 
this bolt, all except about 12 iu. falling over the holder. A top plate is next placed upon the bolt, 
which is also a screw, and by means of a nut, the plate is firmly screwed down, and made as fast as 
if held in a vice. The faces of both plates are covered with corrugated indiarubber or cloth, in 
order to increase the security of the hold. The attendant boy, called a “ filler,” lifts the secured 
flax into the head or holder-channel of the machine, which is a lifter,” or rising and falling bar, 
having a vertical traverse of 12-18 in., or other required distance, according to the length of the 
flax. Inside the (fliannel, is a rack, working upon a slide, which, by means of deflectors, takes the 
holders upon being placed in the machine, and, at each ascent of the head to the top of its vertical 
traverse, shifts the holder laterally a distance equal to its own length, so that, on its next descent, 
the flax in the holder which has been moved passes between the vertical sheets as before, but in 
front of a finer set of hackles. These sets of hackles are called “ tools,” and the quantity varies 
according to the size of the machine, and the requirement of the work. The Horner machine may 
have 6-12 tools; in this case, the breadth of the tool will vary from about 8J to 11 J in., there being 
little difference in the frame of the machine, which is generally 11-12 ft. in length. According to 
the number of tools contained in the machine will be the lifts of the head to complete the lateral 

traverse of each holder, when it will be thrown out, with one half of the fibre it contains the 

portion hanging down — completely hackled. The vertical traverse of the head is obtained by the 
action of a horizontal lever, working on a centre stud, set below and at right angles to the heads. 
At a short distance from the above stud, is a strong iron pin fixed in the side of the lever, havino- 
a runner encircling it, which is confined in a groove cast in the side of a large wheel, called the 
“ wiper,” and this, by its revolution, raises or lowers the runner in a manner corresponding to the 
direction of the groove. The fixed pin upon the lever being contained in the runner, the rocking 
motion is thus communicated to the lever, and by its means, the head-slides resting upon its 
extremities are alternately raised and lowered. On the outside of the wiper, is another groove of 
a different shape from the former, by means of which the lateral traverse of the holders is effected. 
TThis groove has a runner also, which is connected with a vertical lever, that midway in its length 
has a V-kend, which is held in a given position by a stud-pin carried by a bracket upon the frame 
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between the sheets. The opposite extremity of this lever is bifurcated, the arms being connected 
with rods working detents in the head-channel, which are adjusted so as to draw the holders when 
the head is at the top of its vertical traverse ; the same movement carries the detents of the other 
head, which is at its lowest point, backwards to be ready for bringing forward another holder. 
The arrangement of the head is such that there is a holder for each detent, and one of the 
latter for every tool. The consequence is that, at every elevation of the head, and shift of the 
holders, one of the latter is thrown out at the end of its lateral traverse. This is lifted down by a 
boy, who is technically called a “ changer,” and laid flat upon a bed on the table, in such a manner 
as to cause the hackled portion of the flax to fall evenly over another holder, similarly placed to 
receive it, or rather suflicient of it to secure a firm grip as before ; and to subject the unhaekled 
part, when placed in the second head of the machine, to the certainty of being hackled or cut 
precisely as the first has been. 

The sheets of a haokling-machine consist of endless leather straps, of about 5J ft. circumference, 
passing over two rollers, the bottom one of which is the driver, and the top one merely a carrier. The 
forme^is 9 in. in diameter, and is furnished with iron bosses on its ends and centre, which have catches 
on their surface, bearing upon the straps and bars, and thereby causing the sheet to revolve. The bars 
just mentioned are of iron, the full length of the machine, and I in. broad by f in. thick ; they are 
secured to the straps at their extremities and centres by screws. The hackle-stocks are screwed to 
these bars, and thus form a revolving sheet of steel pins. On the inside of the end bosses, and on 
both sides of the centre, grooves or notches, for the reception of the stripper-rods, are cast. These 
rods are plain strips of tough, pliable wood, IJ in. by f in. thick, and sufficiently long to reach from 
boss to boss. On the extremities, cast-iron ends are riveted. The rods, being pliable, are bent a 
little in order to get their ends into the grooves of the bosses ; when inserted, they spring back 
again, and have a certain amount of play. As the roller revolves, they fall forward so as to come 
into contact with the points 

of the pins, which are thus 924 . 

stripped of the tow they 
have combed from the flax 
through which they have 
passed. This tow falls upon 
a “tow-catcher” in close 
proximity, which, when it 
has received each contribu- 
tion, deposits it in a box 
below the msmhine. The 
top or carrier-rollers bearing 
the sheets are adjustable, by 
which means the pins in 
working can be set so as to 
“ face up ” to those of the 
corresponding sheet, or to 
intersect them, as may be 
deemed most desirable. 

This system of stripping by 
means of rods has been re- 
ceived with considerable 
favour, but experience h.as 
shown that in using some 
sorts of flax it is not perfect. 

There exudes upon the pins 
from these sorts a resinous 
oil, that causes the pins to 
get clogged with tow, from 
the failure of the rods to 
clear it away. 

The consequence is that 
many prefer the older system 
of the revolving brush and 
dofler, shown in side eleva- 
tion and section in Figs. 924 and 925 ; but with these also there are difficulties, as they only 
cleanse one aide of the pins. The accumulation of oil upon the latter has, however, been 
thoroughly obviated by an invention applicable to the stripper-rod system, by E. W. McDowell, o 
Belfast, and which has been secured by Homer. This consists in the introductien of a revolving 
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brash, capable of having the direction of its revolution reversed, by which means, it clears itself 
and cleans the back of the pins at the same time. 

Flax which is hackled in the full length ef its fibre is called “ long line,” and the machine is 
arranged in its details accordingly, being termed a “ long- " or “ cnt-line ” machine. For the finest 
yarns, however, it is necessary to cut off both ends of the fibre, in order to obtain the regular and 
even portion of the middle 
of the fibre, the ends 
varying greatly from each 
other and from the 
middle. The “ middle ” 
thus obtained is usually 
12-18 in. long; from very 
long flax, it is sometimes 
desirable, in order to avoid 
waste, to take out two 
middles, which will each 
be 9-12 in. in length. 

These are called “short 
middles.” At other times, 
only one end of the flax 
is cut off; when this is 
the case, they are called 
“ long middles.” The 
ends are sent to the card- 
ing-engine, and carded 
into tow. Less labour in 
roughing is bestowed upon flax which is intended for cutting, as it is simply drawn over the hackle 
to straighten the fibres, the “ pieces ” also being made much larger. Tliis is known as “ stacking." 
The flax is then carried to the breaking-machine, usually called the “cutter,” which contains oiie 
or two sets of fluted iron rollers, and a circular knife revolving at 600-1000 rev. a minute. The 
fluted rollers carry the flax in and present it to the action of the cutter, holding it securely until 
it is cut through. 

The sheets should not be driven too quickly, as by so doing, danger is incurred of tearing and 
breaking the fibre instead of splitting it properly. As to what constitutes a proper speed there is 
a difference of opinion, but good authorittes agree upon the following as affording satisfactory 
results: About 6 lifts of the hemi and 20 rev. of the sheet a minute, the finishing-tool containing 
8 pins an in., and two rows for six-tool machine, for coarse long-line flax ; 5 lifts of the head, 15 rev. 
sheet a minute, 14 pins an in., two rows for nine-tool machine, for medium long-line ; 6 lifts of 
head, 20 rev. sheet, finishing-tool 30 pins an in, two rows for twelve-tool machine, for medium out- 
line ; 3 lifts of head, 10 rev. sheet, finishing-tool 50 pins an in., two rows for twelve-tool machine 
for very fine out-line. ’ 

The hackling-machine is a costly article (250f.-30W.) in the first instance, and expensive to 
maintain, the wear and tear of the working parts being great, and their frequent renewal a 
necessity. Fig. 926 shows Cunningham’s machine in perspective ; it is made by the firm previously 
named, and is esteemed in the trade. The “manning” of the machine-room is a comparatively 
small charge, the labour employed being chiefly that of boys and youths, and consisting of tipplers 
fillers, and changers, whose wages are Is.-ls. Zd. a day. ’ 

Dressing and Sorting. — As the flax comes from the hackling-machine, it is held best for it to be 
drawn through a coarse hackle (a “ ten ”), broken, and next cleaned over a fine one called a 
“ switch.” Highly skilled and experienced men ought to be, and are usually, employed in this task 
as the assortment of the flax into its different qualities, pefformed by them, requires experience 
intelligence, and quickness of perception to execute it satisfactorily. The coarser varieties of flax 
are put into the hands of apprentices, girls, and women, as their intrinsic value would not justify 
the employment of the more costly labour upon them. This is all done by hand. The old and labts- 
rious system of hand-dressing, wliich required a long training to acquire skill therein, has been 
so far superseded by machine-hackling that it is now rarely employed. One machine produces as 
much dressed flax as 20 haud-workers ; four “ toughers ” are required to supply one machine and 
about 6 or 7 sorters to dress the “ longs.” ’ 

When the piece has been properly levelled and dressed, it is ready to be transferred to the table 
to the bunch in process of formation which in its various qualities it most resembles, where it is 
carefully placed in such a manner as not to disturb the order in which the fibres lie. But this is 
• done only after it has been what is called “ lapped,” in which a portion of the end is thrown round 
the end of the piece in the form of a lap. The pieces are laid so as to overlap each other, but only 
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in such a. manner as to contribute to the buUding up of a square and firm bnncb. Each bunch 
weighs about 20 lb., and is generally tied with four bands ; but in cases where the finer qualities are 
being treated, they are sometimes carefully put into boxes before being received into the storey 
where the flax may have to remain weeks, months, and in exceptional cases even a year or two, 
during which time it ought to be preserved unruffled. 

A careful assortment of the qualities of the flax is exceedingly important, as upon the skill with 
which this has been done, and the care with which it is subsequently preserved from becoming 
intermixed, depend satisfactory 

results in the spinning process. 926 . 

The points to be observed in 
sorting are fineness, length, 
strength, colour, and cleanli- 
ness ; and these are required to 
be noted during the half-minute 
or so that a piece is in the hands 
of the operator undergoing dress- 
ing. It is exceedingly difficult 
to secure a perfect assortment of 
flax into its different qualities, 
because whatever principle is 
adopted as the basis, it is sure 
to fail in one point or other to 
give a good classification. If 
more than one system be em- 
ployed, the number of sorts 
becomes unmanageable, and 
leads to confusion, whilst both 
warp and weft yams are apt to 
be injured by the presence of 
fibre that ought to have been in 
the opposite class. * 

The most satisfactory ar- 
rangement of the varioxis pro- 
cesses is to have the roughing, 
machining, and sorting in 
separate apartments, each under 
the care of an overlooker respon- 
sible for the proper performance 
of the work committed to his 
charge. The roughing - room 
should be in immediate proximity 
to the rough-flax store on one 
hand and to the machine-room 
on the other. The sorting-room 
should be provided with plenty 
of light, a northern aspect 
being the best, and efficient 

ventilation It should also be near the machine-room on one side, and the dressed flax and tow- 
stores on the other. This arrangement entails less expense in handling, and less liability of spoilin<^ 
the work or making waste through carelessness. This plan can, however, only be adopted iriarge 
establishments. In small ones, it is generally most economical to have these processes upon one 
flwr, under the observation of a principal overlooker, but so arranged that the work shaU proceed 
With the least interruption and handling, and in the most direct way. 

Prepanng.— On the efficiency and skill with which the “preparing” is performed, the best 
results almost entirely depend. Here the advantages of the preceding operations, however well 
^naged, can be ^ily neutraUzed ; whilst defective or negligent work at this stage cannot have 
Its con^uences elimmatrf subsequently. With practical knowledge and conscientious care at this 
pomt, from good matenal the very best results may be anticipated, whilst from an indifferent 
quality a product may be obtained that could not justly be expected. 

- dr^ed and sorted as previously described, is brought to the ‘‘ spreading-frame,” which 

“cln® it passes in the preparation. Its function is analogous to that 

of the carding-engine in cotton manufacture, as the material in its passage through it is first con-' ' 
verted mto a sUver. It is a machine of about 10 ft. in length from back to front, and about 4-5 ft 
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in width and height. A plain iron roller, called the boss-roller,” which may be 2-4 in. in diam., 
extends across the frame about 3i ft above the floor, being supported by journals resting in bearings 
in the frame. In its front is a cast-iron plate with diagonal slits, called the “ doubling-plate.” 
These slits are equal in number to the rows of gills in each head of fallers. These gills and fallers 
are precisely similar in construction, and have the same function, as those described and illustrated 
in the article on Jute Manufacture, to which the reader is referred (see p. 1180-1). Upon the boss- 
roller, are pressing-rollers, composed of wood, and in shape corresponding to the bosses of the 
preceding roller. Two of these wood bosses are fixed upon one axle, and work in pairs. They are 
adjusted at the angle which will deliver the sliver to the doubling-plate in the best form. Upon the 
space between these bosses, are suspended hooks, to which springs adjustable by thumb-screws are 
attached, by which the force wherewith the presser-rollera bear upon the boss-roller can be graduated 
according to requirement. The back- or feed-rollers of the spread-board are set close behind the 
travelling gills, and at such a height as to allow the pins of the gills, when being lifted from the 
lower screws, to penetrate the fibre. Behind the feed-rollers, is a revolving leather apron ; and 
between them, a conductor-plate. Fig. 927 represents the spreading-frame, as made by Fairbaim, 
Kennedy and Naylor, of Leeds. 



The operation is as follows; the attendant girl, called a “ spreader,” takes the pieces from the 
sorter’s bunch, and divides them into as many portions as are consistent with the nature of the work 
in process— which may require light, medium, or heavy spreading, and then proceeds to lay them 
upon the revolving apron as evenly as possible, with the “ top-end ” nearest the feed-rollers, taking 
especial care not to toss the fibres, nor disturb their parallel arrangement. In this manner, the 
fibre is fed upon the revolving apron in an even and straight line down its length. Care is 
taken that each piece shall fall a little behind the preceding one, so that the feed thus formed 
may not enter the gills too heavy, and yield too thick a sliver. The flax, after being spread, 
is delivered by the revolving sheets into the conductors, thence passing through the feed-rollers to 
the gills, which travel slightly more rapidly than the feed-rollers revolve. The fibre is next 
delivered over brass guide-plates to the boss- and pressing-rollers, which have a much quicker 
revolution than the feed-rollers. By these, its foremost and longest portions are drawn quickly 
away in succession in a light, continuous, ribbon-like form, constituting the sliver. In this form 
it is conducted to the doubling-plate, and passed through a diagonal slit under the plate, where it is' 
joined by the others, except one from the same head, all passing together up through the last slit 
where it unites with the outside sliver which has not been through a slit, and, in this combined 
form, the whole pass through the deli very-roUers and are deposited in long cylindrical cans, termed 
“ sliver-cans.” Upon the end of the delivery-roller, is fixed a small worm, which gears into a wheel 
and this into another, called the “ beU-wheel,” one revolution of which rings a bell, indicating that 
a given length has been deposited in the can, which is then removed by the attendant, who imme- 
diately puts an empty one in its place. The tenuity of the sliver depends upon the lightness or 
thin spreading of the material upon the feed-aprons, and upon the draft of the boss-roller. These 
points are arranged according to requirement, and this having been accomplished, the weight of the 
sliver, or the number of yards per lb., can be perfectly controlled, being simply a matter of calculation. 
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The full cans from the spread-board are carefully weighed, a given number forming a set, which 
are to be subsequently doubled again into one sliver, for the purpose of eliminating any inequalities 
that may exist In the next operation, the sliver from the spread-board passes to the first dra wing- 
er “set-frame,” so called from the cans containing the sliver being marie into “ sets” of a certain 
number, depending upon the number of rows of gills in the,“ head.” These are usually 6 or 8, and 
as two slivers are put through each row, the number of cans required to form the set is 12 or 16. 
The set requires to be of a certain weight, and in order to obtain this with accuracy, the sliver-cans 
are made uniform in weight ; this being known, they are weighed when full, and the nett weight of 
sliver in each is carefully marked upon the outside with chalk. The cans from each spread-board 
are marked with the number of the machine from which their contents have come, and are kept by 
themselves. When a set is required for one of the drawing-machines, tlie boy whose duty it is to 
provide it, selects from the stock of cans those whose weigiits will exactly make the total required. 
By this means, any irregularities that may exist in the sliver, owing to variation in feeding the 
machine, or other causes, ate eliminated. 

The drawing-frame is very similar in its construction to the spread-board, but is without the 
revolving apron or leathers, the place of these being supplied by rail and guide-pulleys, as the 
ribbon-like form of the sliver now requires. The feed-rollers and travelling gills are the same as in 
the preceding machine, except that the latter are arranged with their pins in a vertical position, 
whereas in the former, they were slightly inclined in the direction of their traverse. All the parts 
are finer and proportionately smaller, the work required from them not being so lieavy as in the 
preceding machine. 

The function of the drawing-, or 1st set-frame, is to double the sliver from the spread-board, 
further attenuate it by drawing, and enable the weights to be so regulated as to conduce most 
perfectly to the attainment of the desired end. In order that this may not be marred, close atten- 
tion is required to all the details, it being especially requisite that care should be taken not to let 
any “ single ” pass through. “ Single ” is the term applied to the sliver, when, from breakage, or 
exhaustion of the contents of one can, the remaining sliver of the pair continues to pass on alone, so 
that on emerging at the front, it has only half the required substance and strength. Should this 
not be detected, it would seriously damage the yam at the end. When discovered, it is pulled out 
of the can, or, if it has reached the roving-ftume, and gone upon the bobbin, it is withdrawn from 
that. Those engaged in tending the machines can easily tell when the faulty portion has been 
drawn off, by the thickness of the sliver between their fingers. The “ single ” portion becomes 
waste, and is put into a receptacle provided for it. There are several causes which operate to pro- 
duce single, besides the above, and in some cases, considerable damage to the gill-pins is also a 
consequence. Occasionally a fibre or two will lap around the pressing-rollers, and drag others with 
it, until in a very short time the whole sliver has been turned from its proper course, and wound 
round the roller, its fellow sliver going forward alone. Sometimes the lap becomes so thick that, 
when formed on the inside feed-roller, the gill-pins in rising penetrate it, the consequence being 
that they are strained or broken, which entails considerable loss, owing to the stoppage of the 
machine and the cost of repairs. Gills are frequently damaged from other causes, which cannot be 
detailed here. Single, if it has passed the roving-frame, and got upon the bobbin, may almost 
always be detected through the material upon the bobbin being much softer than the average, 
owing to its containing much less weight. There is generally attached to each machine an 
appliance whereby it can be stopped on the occurrence of any unuoual strain upon the parts, and if 
maintained in good working order, this is usually sufficient to prevent the occurrence of much injury. 

In each “ system,” or set of machines that work in succession to one another, there is the 
spread-board, and 1st, 2nd, and 3rd, and where a great amount of doubling is required, a 4th 
drawing-frame. In some cases, the last is omitted, and the sliver is instead put a second time 
through the 2nd, or other doubling-frame, as may be deemed suitable for the purpose. Tlio 
latter plan, however, is only adopted when absolutely necessary, because it interferes with the 
orderly supply of sliver to the succeeding machines, the speed of which it is necessary to reduce, or 
otherwise allow them to stop. Other means are accelerating the speed of the drawing-frame, thus 
put to do double work ; or increasing the draft; or a combination of these. None, however, is so 
satisfactory as the inclusion of a 4th drawing-frame. These last call for no detailed description, 
being merely repetitions of the others in every respect, except that the working parts are finer and 
smaller in proportion. 

Saving . — When the material has passed the series of drawing-frames, in which it has been 
thoroughly opened, cleaned, doubled, and attenuated as sliver, without being twisted, it arrives at the 
last machine in the preparatory stage of its progress. This is the roviug-frame. Fig. 928, a long 
rectangular machine, similar in its construction to the preceding, so far as concerns the possession 
of a series of “ heads ” of gills, traversed from back to front upon spiral screws, hut differing in 
delivering the elongated sliver to revolving spindles, which twist and wind it upon the bobbins 
with which they are fnrnishe<l. The roving-frame confcrins 4-7 heads, each having 8-12 rows of 
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gills. The sliTers from the last drawing-frame are passed singly— the doubling hemg finished- 
over the rows of gills, and are again further “ drafted ” in the process. The sliver has now 
become so attenuated that it is necessary to impart a little twist to it, so as to secure its coherence. 
This is accomplished by means of the spindle and fiier, this machine being one of those belonging 
to the nume- gjs. 

rous gronp 
found in 
nearly all the 
textile indus- 
tries, and 
known as 
“ bobbin- and 
fly-frames.” 

The mechan- 
ism of these 
having been 
ill ustrated 
and fully 
described in 
the article on 
Jute Manufac- 
tures (p. 1182, 

Fig. 869), the 
reader is re- 
ferred thereto 
for further 
particulars. 

After having 

thrgill^°and delivery-roUers, the attenuated sliver passes downwards through the neck of 
the ffler, next through a groove in the leg, and then thmugh he eye^ to barrel of 
the bobbin. Generally the arrangement is that the spindle shall lead, and the bohto 
“follow'* - that w, that the revolutions of the bobbin shall be so many less than those of the 
snindle so as to enable it to wind up the roving as it is delivered from the rollere. When 
tL spindles are filled with a set or “ doff” of bobbins, as a full complement is called, the barrels are 
bare and consequently at their least circumference, and will take up the rove at the slowest rate. 
In starting therefore, they require to lag more behind their “leader” than at any other point. 
As the circumference of the barrel increases with every layer of rove deposited upon it, the rove 
would be taken up more quickly every time, and would consequently be first drafted much finer, 
and then broken were the speeds of the flier and the bobbin constant at the proportionate rate at 
which work was commenced. But this result is obviated by the provision of an appliance by 
which the proportionate speeds are changed, the bobbin being accelerated as the circumference 
of its winding- surface enlarges by the addition of successive layers of roving. This is called the 
differential driving-gear, explained in the article on Jute, before referred to. Sometimes “ cones ” 
are employed to obtain the same result. When the latter are adopted, the upper cone is connected 
with the gearing of the frame, and its speed is constant. The driven cone is of the same shape 
as the driver, but is fixed in the reverse way: that is, the smallest diameter of one is set opposite 
the larcest diameter of the other. The connection is by means of a strap, and this being traversed 
along the cones, gives a constantly varying rate of revolution to the driven cone, which ‘is so 
adjusted as to accelerate the speed of the bobbin, until, when full, it very nearly equals that of 
the spindle. The belt is shifted on the cones about i in., or other necessary distance, every time 
the traverse-raU in rising or falling arrives at the end of its comse, and a fresh layer of rove 
has been placed upon the bobbin. After dofiBng the set of bobbins, and filling the frame anew, 
the differential driving-gear is readjusted, so as to commence again at correct speed. 

The temperature of the rooms in which preparing is carried on should be preserved as uniform 
as possible, not to fall below 15J° (60° F.), nor exceed 21° (70° F.). This is not difficult to 
accomplish' in a well-found miU, and tends greatly to the production of satisfactory work. An 
excess of heat or cold, dryness or moisture, causes the sliver to lap round the rollers, the result 
being unsatisfactory work, diminished production, and increased waste. When, owing to atmo- 
spheric conditions, the air of the rooms is heavy with moisture, it should be warmed and dried 
by the introduction of steam into the warming pipes, regulated until normal conditions are 
restored. In the sharp, dry frosts of winter, or during the prevalence of dry east winds, the 
same tendency of the fibre to lap is often seen ; in either case, the evil will be obviated by having 
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a few jets in a steam-pipe and allowing the steam to blow into the room, when the moist particles 
are quickly absorbed by the dry atmosphere, and the fibre in process again- becomes soft and 
pliable, following its proper course through the machinery. Where there is no provision for 
introducing steam in this manner, it will be convenient to sprinkle water upon the floor, in 
which case, hot water is best. Care must always be taken not to carry these proceedings to 
excess, and cause the atmosphere of the room to condense its moisture upon the machinery and 
walls, giving to everything a damp, clammy feel. Drafts or currents of air should also be 
carefully avoided, as provocative of the same mischief, whilst good ventilation should be provided. 
The rooms should also be furnished with sun-blinds to the windows, as excessive heat from direct 
sun-rays will also produce a similar effect. 

As in the management of all machinery, strict supervision should be maintained. Every 
part should be promptly supplied when broken or worn out, and the small essentials known as 
“mill furnishings,” such as strapping, laces, banding, brushes, oilcans, oil, &c., whilst strictly 
dealt out, should never be denied in sufficient quantity. Though the aggregate charge resulting 
from this provision is considerable, economy in this would be at the cost of a more than corresponding 
depreciation arising from the extra wear and tear of the machinery, leaving out of consideration 
the inferior quality of the production. Thorough cleanliness should be insisted upon in every 
department. The machinery should be overhauled and cleansed at stated intervals. The 
reward for attention to these matters will be a large production, thereby diminishing the cost ; 
a high quality, which will secure good prices in the market ; a contented class of workpeople, 
earning good wages, and therefore not ready to quarrel with their employment ; and last, but 
not least, a satisfactory balan^sheet at stock-taking. 

Tow Preparation . — From the moment flax begins to undergo preparation for spinning and 
weaving, or any other divergent end, there is produced more or less “tow,” or short broken fibre. 
This is principally obtained in the scutching, machining, and dressing processes, to which is 
generally added the sliver-waste produced in the more advanced processes. That obtained from 
scutch-inills has usually had the husk of the plant shaken from it, and is then sent to market as 
“ scutchiug-tow,” commanding only a few shillings a cwt. This is sold to coarse-tow spinners, 
who usually pass the material through a “ shaker,” by which it is more perfectly cleansed from 
the husk, after which, it is put through the “ breaker-card.” In other cases, it is preferred to get 
it rescutched over finer and lighter “ handles” than those over which the flax was first put. The 
cost of performing this operation is about 4s. a cwt., whilst the produce obtained will not be more 
than i of the quantity submitted to the process. Loss of weight and expense of cleaning bring 
up the cost to something over 11. a cwt. Sometimes this class of tow is worked alone ; in other 
cases, it is mixed with “ milled tows,” or those obtained from the processes of hackling, machining, 
and dressing in the flax-mill. The tow is first passed through a coarse card, and next through a 
finisher-card, after which it enters upon its course of preparation for being made into tow-yam, 
which does not differ materially from that of line flax. 

The “breaker-card” is a powerful engine with a large cast-iron cylinder, 3-5 ft. diam., and 
4-8 ft. across the face. This is mounted upon a strong frame, and is almost surrounded by a 
series of smaller rollers of the same breadth, 'called “ workers ” and “ strippers,” all of which are 
covered or clothed with steel pins, of a size suited for the special character ef the work they have 
to perform. A “ feeding-sheet ” or revolving apron is attached to the back, upon which the tow is 
evenly spread and slowly carried to the feed-rollers, by which it is delivered to the revolving 
cylinder. These rollers are about 3 in. diam., and have a surface movement of about 18-24 in. a 
minute. The direction of the revolution of the cylinder, at the point where it receives the tow, is 
downwards ; and it consequently strikes the tow with great force in that direction. The pins 
with which it is clothed are generally about | in. long, and are inclined in the direction of its 
revolution. These pins are set in “lags” or staves of wood, secured to the cylinder by screws. 
They are |-| in. thick, 1 in. broad, and 24 in. long. The pins therefore protrude through them 
about f-i in. The feed-rollers are also clothed with pins, those of the bottom one being slightly 
curved upward, as they present the tow to the pins of the cylinder, and therefore prevent the latter 
dragging in the material at too quick a rate. This resistance of the feed-roller secures a maximum 
of effective action, splitting and combing, on the part of the cylinder. It tends, however, to embed 
the fibre in its pins, and would, from this cause, soon destroy its eEBciency, were provision not made 
to keep it clear. This is accomplished by the introduction of a third or “ feed-stripper ” roller, 
placed beneath, bnt suflaciently near for its pins, which are inclined towards the large cylinder, to 
strip the feed-roller by its greater speed. In its turn, it is stripped by the cylinder, whose surface- 
velocity is again much greater. The cylinder, having received its full complement of tow, carries 
it forward to the “ first worker,” the second roller in the coarse of its revolution, which has about 
the same dimensions as the feed-stripper. This roller revolves at a slow rate, in a direction oppo- 
site to that of the cylinder, and as its pins are inclined so as to receive and retain the fibre from the 
cylinder, the latter is cleared, the material being split to a further extent by the action of the pins. 
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Eeyolving at a higher speed, and in close proximity to the first worker, is the first roller in the 
series which the cylinder passes after leaving the feed-rollers ; this is the “ first stripper, w ose 
function is to strip the worker, and return the material to the cylinder. No splitting ot on ng o 
the fibre takes place in this case, the duty of the stripper being merely to return the fibre from the 
worker to the cylinder. The number of workers and strippers is dependent upon the size of the 
cylinder, which will permit more or less to be arranged around its circumference. xs 
depends upon the requirement of the work, or what is called the “ fineness of the car . en 
the tow has passed 
the series of workers 
and strippers, it is 
received by a large 
roller, called the 
“first doffe r,” 
clothed similarly to 
the workers, but not 
accompanied by a 
stripper-roller. It 
brings the tow to 
the front of the 
machine, at which 
position it is strip- 
ped from it, by 
the rapid oscillating 
stripper-knife in its 
front, in the form of 
a sheet ; this is next 
divided into three 
portions, and each 
is passed between a 
pair of rollers, which 
calender and lay the 

fibre in the form of a sliver. Beneath the first doffer-roller, are one or two more of the same sort, 
having the same function, and stripped in the same manner, as the first. The slivers from all the 
dofiers are received into a large can, and carried away to another machine, by which they are com- 
bined into the form of a lap, to fit them for the “ second carding,” 

The laps from the first carding are then placed in the second, or finisher-card at the back, in 
the position occupied by the fe^-apron of the first machine, but whicli does not appear in this 
case. The finisher-card is in principle precisely like the first, difiering merely in details. Its 
pins are finer and shorter, and its rollers more numerous and smaller, by which means, the tow is 
subjected to more treatment than in the first instance. 

In the treatment of superior tows, a combined machine, called the “ breaker- and finisher-card,” 
is often employed, in which one operation suffices to do all that is required. In this instance, the 
tow is evenly fed upon the revolving apron, passes through, and is delivered in an even sheet, 
which is divided into a number of slivers, one for each of the front conductors. They are next 
passed through the conductors of the bottom dofFer, over a polished cast-iron plate, called the 
“ sliver-plate,” and into the back conductors of a “ rotary-card drawing-head,” which is attached to 
the machine, and so-called because the traverse of the gills is accomplished by rather different 
means than the spiral shafts of the ordinary drawing-frame. The sliver then passes through a 
very coarse open gill on a short draft, which prepares it for the first drawing-frame. The rotary 
head has one, two, or three rows of gills, according to requirement. Altogether, it is regarded by 
many persons as a questionable improvement, and its application is far from being general. When 
it is absent, the sliver is carried direct to a drawing-frame, in which it is worked up into sets. 

Tow-carding engines should be carefully set, so as to stand perfectly level. Proper lubrication 
ought never to be neglected, and the drums and driving-pulleys should be as large as convenient, 
in order to give the fullest purchase, and so secure the most even and economical driving, without 
which the sliver wiU suffer in quality, and make inferior yam. 

/Spinni'ni/.— Spinning is the concluding process of this division. In it, the material which has 
come through the successive stages is converted into yam, and forms in this condition a merchantable 
article. In many cases, flax-spinning establishments have weaving branches in connection with 
them, in which case, their production of yam may be consumed upon the premises. In others it is 
sent upon the market, and forms the supply which is drawn upon by establishments at which 
weaving only is carrietl on. 

The spinning-machine. Fig. 929, like the roving-frame, is a “ bobbin-and-fly ” frame, and is made 
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of sBch “ pitch ” or dimensions as the circumstances of individual spinners may lead them to select. 
They generally contain 200-300 spindles. In arranging the spinning-room, care should be exercised 
to secure a suflSciency of space, so that no part will be crowded, nor the necessary movements of the 
operatives impeded. Should the latter be the case, it is certain that some duties will be neglected, 
to the injury of the establishment. Light 4ind ventilation ought to be provided to a full extent : 
the former to enable the spinners to see with ease whenever a thread has broken, or any other defect 
occurred ; the latter, on account of the danger to the health of the operatives if they are permitted 
to work in foul air saturated with vapour arising from the great quantity of hot water employed in 
the wet process of flax-spinning. 

A flax-spinning machine consists of a strong rectangular frame, about 3 ft. broad by a length 
proportionate to the number of spindles it contains. The latter are mounted in two rails, the lower 
one carrying the spindle-footsteps into which the base or foot of the spindle is inserted and revolves, 
the upper one containing the “ bolster ” or collar in which the “ neck ” of the spindle is enclosed, 
and by which it is maintained in a vertical position. Each spindle carries a flier on the top, and is 
furnished with a small pulley called a “ wbarve.” Longitudinally through the centre of the 
machine, extends a tin cylinder ; on the extremity of the shaft forming its axle, are fixed the 
driving-pulleys. Cotton driving-bands connect the cylinder and spindles, by which, motion is 
transmitted from one to the other. A traverse-rail, or “ builder,” having circular holes through 
which the spindles pass, is fitted to the machine in such a manner as to automatically rise and fall 
when the machine is at work. The bobbins are placed upon the spindles, and drop down until 
they rest upon the traverse-rail, which when at work carries them up and down to receive the suc- 
cessive layers of rove from the fliers. The fliers are next screwed upon the tops. The latter, having 
been several times already brought under the notice of the reader, need no further description. 
There is no independent driving power required for the bobbin, the drag of the thread being 
sufficient to pull the bobbin round ; it lingers sufficiently behind, however, to take up the yarn as it 
comes from the rollers and is twisted by the revolving spindle. To retard the motion of the bobbin 
80 much as is requisite to make it perform the function of winding on the thread with firmness, light 
bands are attached to the back of the traverse-rail behind the spindles, passed around the base of the 
bobbin, brought over the front of the traverse-rail, and allowed to hang down, having a small 
weight attached to the end. These ate called “ drag-bands.” The friction or power exerted by 
these bands is varied by means of a comb upon the front of the traverse-rail. When the spinning is 
commenced, and the bobbins contain scarcely any yam, they develop comparatively little centrifugal 
force, and therefore require little check upon them ; as they fill, this force becomes greater, and the 
spinner has to advance the drag-band a groove or two upon the comb, so that it will increase its 
contact with the base of the bobbin, and exert a greater retarding power. The correct manage- 
ment of the drag-band is important in flax-spinning, as it is required to be accurately adjusted, to 
make good yam and keep up the ends. 

Within the past few years, a “ spring self-acting drag-motion ” has been introduced. It dispenses 
with the cord and weight, and, by a simple and ingenious arrangement, makes the dragging of the 
bobbin automatic, and keeps the necessary tension on each thread during the time the bobbins are 
being filled. The appliance consists of a peculiar angle-shaped metallic rod, arranged along the 
front of the traverse-rail or “ builder.” To this rod, are attached springs, one for each bobbin, the 
arms of which press against the bobbin, the pressure being regulated by means of a worm and 
ratchet-wheeL When the counts of yarn are changed, it is merely necessary to change the ratchet- 
wheel instead of all the drag-weights, as in the old method, which is an expensive system in both 
time and labour. The spinner is also relieved of all care of watching the individual bobbins, and 
is therefore at liberty to pay more perfect attention to the other portions of her work, or to take 
charge of an increased number of spindles. 

The drawing-rollers of the spinning-frame are fluted, and composed or brass, in order to prevent 
oxidation through the presence of water necessary in the spinning process. The pressing-rollers 
are preferably of box, but several other woods are occasionally used. 

The sliver-bobbins from the drawing-frame being placed in the “ creel ” or rack, the sliver is 
conducted from them into the hot-water trough, in which it is saturated, and then passes between 
the drawing- and pressing-rollers, by the action of which, the superfluous moisture is pressed out, and 
the sliver attenuated to the required extent ; on emerging from the “ nip ” of the rollers, it receives 
the twist from the revolving spindles, and descends through the holes in the thread-plate, whence 
it passes to the flier, and is wound upon the bobbin in even layers by the rising and falling of the 
“builder” or traverse-rail. The bobbins having been filled, the fliers are unscrewed from the 
spindle-top; the set of full bobbins are “dofted” (removed) and replaced by another set of empty 
ones; the fliers are again put in their places, and spinning is lecommenced. 

Reelini], Drying, and Bundlmg are the subsequent processes necessary to complete the preparation 
of the yarn for the market. 

“ Keeling ” is the operation of running the yam off the spinning-bobbins upon reels of 90 in 
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circomference, 'by which means, it is divided into measiired lengths. It is a very simple operation, 
bnt its prompt performance is extremely important, owing to the fact that the yam, having been 
“ wet-spun,” must be quickly cleared from the bobbins in order to be dried. Should this be 
neglected for a few days, it is probable that the yam would he injured by mildew. The stock of 
bobbins required to keep the spinning-machines supplied is also so large that only few mills conld 
keep their machinery at work more than three or four hours after the reeling process has been 
suspended. The bobbins when doffed by the spinner are put into boxes by the frame, and are 
fetched thence by cliildren, who place them in “ cages ” — small boxes containing as many “ pins ” 
as there are spindles in one side of the spinning-frame, on which the bobbins are placed for trans- 
mission to the reeling-room. 

Formerly the reels were worked by hand, as, owing to the very frequent stoppages, the applica- 
tion of power was difficult and unsatisfactory. Of late years, however, from the difficulty of finding 
an adequate supply of reelers, means have been devised to overcome these obstacles, and reels 
driven by power have come very generally into use. 

In reeling, the chief care ought to be to keep up the threads, so that the hanks will not be 
short, as, being sold by measurement as well as weight, complaints would be received from the pur- 
chaser on this ground. The length is measured by the revolutions of the reel, which are indicated 
through a bell-wheel driven by a worm upon the axle of the reel. When the hanks are completed, 
of which there are 20-24 reeled at one time, each containing 3600 yd., the reeler doffs the frame by 
drawing out three wooden pins from the three spokes of one rail of the fly, which then drops down, 
and allows the yarn to become slack, and be easily stripped from the reel. Care must be exercised 
that they shall not be stained with oil in the stripping or other process, as it depreciates the value 
considerably, through the difficulty of clearing away the traces of this in bleaching or other subse- 
quent treatment. 

It is in the reel that the yarn is measured, and it will therefore be proper in this connection to 
introduce the yarn table which is used in the trade. The standard is 1 lb. of 16 oz. The par- 
ticulars are as follows : — 

Linen Yxbn Table. 


2] 

yd, (one rev. of reel) 

= 

1 thread 

300 

„ or 120 threads 

= 

1 lea or cut 

3,600 

„ „ 12 cuts 


1 hank 

60,000 

,, „ 16| hanks 

= 

1 bundle 

72,000 

» 20 „ 

= 

1 reel 

180,000 

w » J» 


1 3-bundle bunch 

300,000 

„ 100 „ 

= 

1 6- „ 

720,000 

jj »» 200 „ 

= 

1 12- „ 


In speaking of the fineness of flax yams, 1 lea-yarn would mean that there were 300 yd. in 
1 lb., and 100 lea would imply 100 X 300 = 30,000 yd., and similarly of other numbers of leas. 
There is a system of “ short-reel measurement,” which is used mainly for convenience. 

Flax yarns are generally dried over the boilers of the establishment, in apartments specially 
prepared to utilize the heat which is thrown off'. The hanks are suspended upon drying-poles, 
which are made smooth, and painted, so that the yam shall not be scratched and tom on splinters! 
The room in which the drying takes place requires to be well ventilated, so that the moist air caii 
easily be drawn off. In some cases, it is desirable to use a » drying-machine,'’ invented for the 
purpose, and which has been found very efficacious. 

After being sufficiently dried, the yam is next put up in bundles, and made into bunches 
of any desired size, containing 1-12 bundles, according to the lea, and the requirement of the 
manufacturer. 

Weadng and its Preparation.— There is little to distinguish the weaving branch of the linen trade 
from that of the other textile industries (see Cotton Manufactures, Jute Manufactures). The yarn 
in the first instance, however, is carefully boiled and washed, by which, much of the natural ™m 
upon the fibre is dissolved, and it is rendered more pliable. If the fabrics are intended to be 
white, the yarn at this stage is bleached (see Bleaching, p. 515), and if coloured, dyed. In both 
cases, it is dried after the process. 

From the hank, it is next transferred to large bobbins in the winding-frame, a simple machine, 
not essentially different from similar ones described under other headings (see p. 768, Fig. 555)! 
The bobbins are now transferred to the warpiiig-mill or frame, which may be the old vertical reel! 
frame, or the more modern machine which puts the yarn upon a beam for the sizing-frame (see 
pp. 769-70, Figs. 556-7). In the sizing-frame, which is not materially different from that 
employed in the cotton trade (see pp. 770-7, Figs. 558-62), from which it has been adapted the 
warp passes through a sizing-mixture, whose chief ingredient is Irish Moss (see Dru<-s, p 814)’ It 
^diied by passing over steam-heated cylinders, contained in the same frame, and is delivered upon 
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the loom-beam. Passing from here, it has the heddles attached in the usual manner — drawing-, 
tying-, or twisting-in, according to the description of the work. The warp is then ready for the 
next process. 

Weft yams have also to undergo a course of preparation, though shorter than the above. As it 
is identical with that described in Jute Manufactures (see p. 1185), it need not again be introduced. 

The power-loom is now very extensively employed in weaving linen. For a considerable time, 
many difficulties were experienced in adapting it to this purpose, but, by perseverance, these were 
eventually overcome. They chiefly arose from the inelastic character of the yam, which would not 
yield or stretch to the requisite distance to allow of the formation of a “ shed,” or opening of the 
warp for the passage of the shuttle by the operation of treading, without breaking large quantities 
of yam. This was overcome by the invention of the oscillating carrier-beam, over which the warp 
passes on its way to the heddles. When the shed of the warp is closed, one of the two rollers composing 
this beam is raised by means of a cam upon the driving-shaft of the loom through a connecting-rod, 
so as to take up a portion of the warp. When the shed requires to be open, this roller is depressed, 
thus affording sufficient slack in the warp for a shed to be made by the tappets, without undue 
strain upon the yam. This invention overcame the chief difficulty experienced, and has led to the 
introduction of the power-loom, and its successful operation, in the greatest portion of the trade in 
this country. 

The power-loom employed in weaving light linens is almost identical with that of the cotton 
trade (see pp. 780-6, Figs. 566-570). Heavier fabrics require a correspondingly stronger loom, but 
this is nearly the only difference. Fabrics which differ from plain cloths necessitate the use 
of various attachments, such as twilling-motions, dohbies, jacquards, &c. The jacquard sustains an 
important part in the linen trade, being employed extensively for the production of damasks, table- 
cloths, and other ornamental linen fabrics. Of these, perhaps, it may be trnly said that, by its 
aid, Belfast has produced the most perfect specimens of the textile art that have ever been 
fabricated. 

Statistics . — The present condition of the linen manufacture is one of considerable depression, 
and its future is not regarded without anxiety by those to whom its prosperity is of the deepest 
interest. Cotton is the most dangerous rival it has to encounter, and the progress of the latter 
during the present eentury has to some extent been at the expense of Uuen. During tlie American 
civil war, and the consequent scarcity of cotton, linen fabrics were largely substituted, and the 
industry prospered greatly. With the return to normal conditions, and the prospect of a very low 
range of prices in the cotton trade, it is to be feared that the competition in tire future will be still 
more severe, and to the disadvantage of the linen trade. But whatever may be the result of this, 
the products of the latter industry will always have a place, from the impossibility of a suitable 
substitute being found. 

The following figures from the latest Eetums upon the subject, and corresponding figures from 
the last preceding Eetums, will be of interest. 


Flax Factories in Great Britain and Ireland. 


Ojuntries. 

No. of 
Factories, 

Total 

No. of 

SpiDDing' 1 
spindles. 

1 Total 

1 No. of 

1 Doubliog* 
spindles. 

1 

Total 1 
No. of 1 
Power- ! 
looms. 

Total No. of Persons employed. 

Males. 

1 Females. 

Total. 

England and Wales . . 

101 

190,808 

28,439 

4,081 

4,812 

10,176 

14,988 

Scotland . . 

155 

265,263 

18,495 

16,756 

9,987 

27,489 

37,476 

Ireland 

144 

808,695 

18,048 

19,611 

17,036 

39,306 

56,342 

Grand Total, 1879 

400 

1,264,766 

64,982 

40,448 

31,835 

76,971 

108,806 

„ „ 1874 .. j 

449 

1,473,800 

81,335 

41,980 

37,931 

90,528 

128,459 


In the above figures, no note is taken of the number of persons employed in cultivating the raw 
material, and handling it in the earliest stages ; neither is there any o%nizance of those engaged 
in the domestic branch of the industry, the Eetura covering only the establishments subject to 
inspection under the Factory Acts. A great portion of the decline exhibited in the five years is 
attributable to the decay of the English branch of the trade, which has retrograded fully 33 per 
cent. In Scotland, there is also a slight reduction ; but in Ireland, there is scarcely any change. 

Bibliography. — A. J. Warden, * The Linen Trade ’ (1864) ; A. Eenouard, ‘ Etudes sur le Travail 
des Lins ’ (Paris) ; ‘ Textile Manufacturer ’ (Manchester ; 1874-) ; Flax Supply Association’s 
Eeports (Belfast : annual). 

(See Cotton Manufactures ; Fibrous Substances — Linum usitutissimum ; Jute Manufactures ; 
Lace.) E. M. 
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UTA M il k.T<!g (Fr., Eni'jrais'y GeB., Danger). 

Every plant requires to be fed with, certain substances, in order to attain perfection. The 
proportion of each substance needed by different plants varies considerably ; but the substances 
themselves are tlie same in kind in almost every case, and consist principally of nitrogen, potash, 
phosphoric acid, lime, sulphur, soda, magnesia, chlorine, and silica. A productive soil contains all 
these elements in sufficient abundance, and will go on bearing crops incessantly, provided that all 
the plants which grow upon it be returned to it, either in a rotten natural condition, or as the 
excreta and remains of the animals feeding upon them. Further, it is well known that in so-called 
“new countrie-s” it is possible to grow and remove crops from the same soil for many years in 
succession, without ai tificiai aid, a fact which is due to the presence in the “ virgin soil of more 
than enough of the various or principal elements for immediate needs. But when this store has 
been exhausted by constant cropping, the plants become at first sickly, and, after a time, 
altogether refuse to grow. Then arises a necessity for eiu-iching the soil by the addition of the 
ingredients in which it is wanting. This operation is known as “ manuring ” ; while the 
materials thus supplied are called “manures.” The “rotation” system of cropping, based upon 
the difference in proportion of the various elements required by certain crops, is very judicious ; 
but it cannot be made to obviate the necessity for adopting artificial measures for maintaining the 
fertility of the soil. In the present condition of agricultural science, no attempt is made to supply 
a manure containing all the ingredients required by the crop to be grown, nor, except in rare 
instances, is an analysis made of the soil, in order to determine in what element it is deficient. 
The farming community are generally content to apply the article which the manufacturer chooses 
to send them, looking rather to its price than to its efficacy, and manifesting satisfaction according 
to the degree of its odour. 

Manures may be generally divided into two kinds, matnral and artificial. 

Natural Manures. — Natural manures are farm-yard dung, sewage, seaweed, soot, nitrate of 
soda, and Stassfurt salts ; these may be applied to the land without any previous preparation. Besides 
these, there are other natural products, of great value in agriculture, which, used in a raw state, 
are not in such a fit condition to be assimilated by the plant as after undergoing the treatment 
presently to be described. Principally, they are bones, fish, flesh, blood, and guanos. The prepara- 
tion of “ poudrette,” or sewage treated with sulphuric acid, and dried, will be described hereafter. 

Bones . — Tliough very slow in undergoing decomposition, bones are a most valuable manure, 
especially on light soils. They contain about 2-4 per cent, of nitrogen, and 50-60 per cent, of 
phosphates. They are seldom applied without having been first boiled to eliminate the fat, which 
may be done in ordinary 
coppers of large size. When 
it is desired to extract their 
gelatine, for glue-making and 
similar purposes, the boiling 
is effected under pressure (see 
Bones, p. 521). To hasten 
the fertilizing action of bones, 
they are almost always 
ground in a mill, after having 
become sufficiently dry from 
the boiling operation. The 
fiuer their state, the more 
rapidly will the crop be 
benefited by their applica- 
tion. One of the best forms 
of mill for reducing bones is 
that shown in Fig. 930. This 
is a powerful and compact 
m.ichine, with a cast-ircji 

frame and foundation-plate, and when attached to a 10-H.P. steam-engine, or a water-wheel, it 
should crush aqd dress 15-20 tons daily. It weighs tons, and the fly-wheel should make about 
145 rev. a minute. It has two pairs of rollers, with cutters (made of cast-iron, and case-hardened) 
for crushing the bones, a revolving riddle for separating them into “ rough,” “ half-inch,” and “ dust ” 
or “ quarter-inch,” and a friction-sheave for preventing accidents to the cutters. Such a mill should 
cost approximately 2.50/. 

Fig. 931 shows what is known as a “ dust bone-mill,” consisting of a strong cast-iron frame, and 
two rollers furnished with steel cutters or saws, through which the bones, already ground by the 
, mill just des<;ribed, are passed, and thus reduced to dust. It requires 6-H.P. ; weighs 26 cwt. ; 
works at a speed of 240 rev. a minute ; turns out 6 tons daily ; and costs about 100/. 
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Occasionally, tho ground bones are dissolved in snlphuric acid before use. This no doubt 
renders tho phosphates more readily soluble, and available for the plant ; but there is so much 
difficulty in drying the bones afterwards, that a large amount of free sulphuric acid exists in the 
mass, and destroys the sacks in which the manure is transported. There is also inconvenience in 
diilling-in the material witli the seed, as is often done with dry manures. As an ingredient in 
other manures, however, e. g. “ bone-superphosphates,” &c., bones play an important part, and their 
presence in a superphosphate adds greatly to its value. 

Fish . — Fish and fishery-offal are valuable fertilizers, rich both in phosphates and in nitrogen. 
In the Eastern Counties, and some other spots round the British coasts, they are sometimes applied 
in a raw state, when it is impossible to find a 
ready market for them as human food. They are 
often treated with sulphuric acid, in large leaden 
tanks, after having been pressed to extract the oil, 
which is, in itself, a valuable product, and whose 
presence would greatly neutralize the effect of the 
acid. In this country, very little care is bestowed 
on the preparation of fish-manures, and their 
quality varies suspiciously: but the Norwegians 
manufacture an excellent fish-guano, containing 
25-30 per cent, of phosphate of lime, and over 
7 per cent, of nitrogen. The guano-factories 
at Lerosen, Sanoen, and Eyngvoer produced 
23,650 sacks (of 2 cwt.) of fish-guano in 1875, 

23,061 in 1876, 22,561 in 1877, and 21,860 in 
1878. 

The Americans are awaking to the value of 
fish-manures, and on many parts of the eastern 
coast of the United States, factories have been erected for the utilization of the shoals of menhaden, 
a fish of the herring family, which frequent those shores between April and November. In 1873, 
there were 62 factories at work on the coasts of New York and New England, catching at the rate 
of 1,193,100 barrels of fish, yielding 2,214,800 gal. of oil, and 36,299 tons of gusno. Since then, the 
industry has much increased, particularly in N.-E. Long Island. The first step after catching the 
fish is the expression of its oil, which process will be described under Oils. The oil and moisture 
having been removed, the refuse fish is taken to the “scrap-house,” and is known as “green scrap.” 
In 24-48 hours, fermentation sets in, producing a darker shade, by the escape of ammonia ; the 
material is then called “ old scrap.” In this state, it is transferred to a drying-room, where it is 
first subjected to a “ picking ” process, which consists in passing it through a cylinder armed with 
teeth revolving between set teeth, by which the whole mass is rendered uniformly fine. It is then 
dried, either in the sun, or by artificial heat. By the former plan, it is spread upon a sloping 
“ platform,” and constantly stirred by a wooden harrow, being finally gathered into a large heap, 
called the “ cure,” into which perforated pipes are inserted for conducting away any heat that may 
be developed. After about 4 turnings, it is cool enough for subsequent treatment. In wet weather, 
“platform curing ” is replaced by artificial heat, which is a quicker process, but causes 10 per cent, 
more loss. The driers are revolving cylinders, with shelves running spirally through them. A 
fire is made at the front end ; the hot air from this passes beneath the cylinder to the back end, 
and returns through the cylinder to the chimney. The drier is fed in front, and as it revolves, the 
scrap is carried up by the shelves to the top, whence it falls, to be taken up again in the same way. 
The archimedean arrangement of the shelves gradually works the material to the outlet of the 
cylinder. In a 25-ft. cylinder, revolving 8 times a minute, each charge takes about J hour to reach 
the back end, by which time its moisture will have been removed, and the material made ready for 
the “ cure.” If very wet, it may require 2-5 dryings. It is evident that the finest particles of the 
material will be carried off by the draught. Green scrap is mostly used for platform drying ; old 
scrap, if very wet, is spread on the platform for 12-24 hours, before being put through the driers, or 
it would cake into balls. The dried scrap is ground and bolted in a special mill, consisting of two 
cylinders with cone-shaped bearing-faces, one making 2500 rev. a minute, the other 800. Analyses 
of dried fish-remains show 14 per cent, of phosphate of lime and magnesia, and 12 per cent, of 
nitrogen. Quantities of fish-“ marc,” or dried fish-refuse, are imported into this country for manu- 
facture into nitrogenous manures. 

Flesh . — Dried fiesh forms a highly nitrogenous manure, and bids fair to assume a place in the 
market. It is principally derived from the refuse obtained in preparing Liebig’ s “ extractum carnis,” 
samples of which have shown 11—12 per cent, of nitrogen. In this country, horse-carcases are often 
dissolved in sulphuric acid, and applied as a manure ; but tiieir qualities are not superlative. 

Blood.— The proportion of nitrogen contained in dry blood is very considerable, reaching 15 per 
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cent, in thoroughly dried samples ; but it is so difficult to remove even a portion only of the water, 
that its use is restricted to narrow limits, except as an ingredient added to manufactured manures. 

Guano. — -It is unnecessary to repeat the meaning of the word “ guano,” or a description of the 
material known by this name ; but it is important to remark that the constitution of guanos is 
quite as varied as that of any other mineral phosphate. The nature of a guano seems to depend 
principally upon the climatic conditions under which it accumulates. The dry atmosphere of the 
Peruvian coast favours the formation of a nitrogenous guano : whereas similar deposits in moister 
climates lose all their ammonia, by decomposition and evaporation, and consist principally of phos- 
phates insoluble in water ; though, when removed before much decomposition has had time to ensue, 
they contain also a certain amount of nitrogen. 

Phosphatic guanos cannot be used in a raw state, and are employed only in the same way as 
coprolites, or other mineral phosphates, in the manufacture of superphosphate. They will therefore 
be described under that head (see p. 1259). 

By far the greatest proportion of the nitrogenous guanos, and certainly all the best of them, have 
come from Peru, or the islands on its coast. The most valuable has been the Chincha Islands variety, 
containing about 13J per. cent, of nitrogen, and the same amount of phosphoric acid. This was 
almost entirely used in a raw state, but the deposits have long since been exhausted. Bellowing 
this, came other high-class kinds, such as Ballestas, containing 12j per cent, nitrogen, and a similar 
proportion of phosphoric acid ; Macabee, with 11 per cent, of nitrogen, and 12J per cent, phosphoric 
acid ; and Guanapi, yielding 10 per cent, of nitrogen, and 14J per cent, of phosphoric acid. But 
these also are fast disappearing, and are being replaced by stUl lower-class articles: such are 
Pabillon, having nearly 9 per cent, of nitrogen, and almost 14 per cent, of phosphoric acid ; Inde- 
pendencia Bay, with scarcely 8 per cent, of nitrogen, and lOJ per cent, of phosphoric acid ; Huanillos, 
7i per cent, of nitrogen, but over 14 per cent, of phosphoric acid ; Punta de Lobos, not reaching 
6 per cent, of nitrogen, and containing nearly 18 per cent, of phosphoric acid ; and some from the 
Lobos islands, giving little more than 3i per cent, of nitrogen, while the phosphoric acid rises 
above 20 per cent. A very different species of Peruvian guano is the Angamos, which is freshly 
deposited, and obtainable only in small quantities. It contains almost 4 per cent, more nitrogen 
than even the Chincha Islands variety, with but 9 per cent, of phosphoric acid. The above figures 
distinctly indicate the extent to which guanos from the same country and climate differ in com- 
position. The percentage of water varies also from 8 to 29 per cent. Most of these guanos contain 
a certain amount of all the elements essential in a good manure, besides the preponderating phos- 
phoric acid and nitrogen. As much of the phosphoric acid present is combined with bases, in the 
form of phosphates which are insoluble in water, their effect upon the crop will be hastened by 
treating them with sulphuric acid, which possesses the property not only of rendering soluble much 
of the insoluble phosphate, but also of fixing the volatile carbonate of ammonium, and converting 
the uric acid present into ammonia. In applying crude guano to the soil, a considerable amount of 
ammonia will be evaporated and lost, unless the guano be completely covered with earth. This 
is prevented in a great measure by the treatment with sulphuric acid. Yet another advantage 
derived from dissolving the guano in sulphuric acid is that the great hygroscopic properties of the 
acid render the manure dry and powdery ; this is especially advantageous when the sample of 
guano is very damp and sticky, as is generally the case. Very large quantities of guano are pre- 
pared in this way in Germany, and sold by analysis, on a basis of nitrogen equal to 9 per cent, of 
ammonia, and about 25 per cent, of phosphates, 20 of which are soluble. 

The existence of bird-guano on theJardinillos, agronpof islands to the south of Cuba, has long 
been known, but only recently examined. Analyses from various portions give the following 
results; — Cayo Largo: N.-W., phosphoric acid, 24-02 per cent., = phosphate of lime 52-43 ■ 
W., phosphoric acid, 29-33, = phosphate of lime, 64-03 ; S. and S.-W., phosphoric acid 28-98 = 
phosphate of lime, 63-27 ; Cayo Dios: (o) phosphoric acid, 28-83, = phosphate of lime 62-94- 
(6) phosphoric acid, 26-53, = phosphate of lime, 57-92. The deposits are now to be worked for 
supplying the sugar and tobacco plantations, almost the whole of the phosphate being present in 
a soluble condition. 

In many caves in Virginia and Texas, are found extensive deposits of bat-guano, in some 
instances amounting to several thousand tons. The deposits exhibit a dull-brown colour and 
become finely pulverulent when dried in the air. They consist of the excrement of bats, more or 
less contaminated with soil, and their chemical composition places them almost on an equality with 
modem Peruvian guanos. Attempts to utilize them for the preparation of nitrate of potash for 
gunpowder-making, have not been successful. ’ 

The climate of parts of the African continent also fevours the preservation of guanos - but if the 
deposits are allowed to remain for any great length of time, they lose almost 111 them nitrogen 
Thus, the now exhausted deposits from Icbabo and Saldanha Bay contained respectively but 
6 per cent, and li per cent, of nitrogen ; wbile the fresh accumulations yearly formed there and 
coUected immediately, yield as much as 12 per cent and 9 per cent, of nitrogen respectively ’iho 
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water present is also reduced : in the first case, from 27 per cent, to 17 ; and in the last, from 22 to 
12. The thinness of the recent deposits, however, makes it difficult to collect the material in a 
condition free from foreign bodies, such as sand and stones. 

Small parcels of nitrogenous guanos have been derived from many other spots ; the quantity 
has, however, been insignificant, and the list may be concluded with two kinds from the islands of 
the Pacific Ocean. That known as “ Baker’s Lsland” contains nearly 35 per cent, of phosphoric 
acid ; while “ Jarvis Island ” shows little over 20 per cent, of that element. In neither case, does 
the nitrogen exceed J per cent. These guanos have found a market in Germany, but are very little 
known in this country. 

Artificial Manures. — The terra “ artificial ” is applied to those manures which are never 
used save in a manufactured state. They may be conveniently divided into two classes, ammoniacal 
and phosphatic: the former represented by sulphate of ammonia; the latter, by the various kiuds 
of superphosphates, nitrophosphates, bone-manures, turnip-manures, &o. 

Sulphate of Ammonia. — In the distillation of coal for the production of illuminating-gas, the 
nitrogen is liberated as ammonia. This is retained in the water which is distilled over, and in the 
so-called “ gas-liquor,” from the scrubbers through which the gas is passed (see Ammonia, p. 246). 
The proportion of ammonia held in these liquids will naturally depend upon the character of 
the coal used. The ammonia thus recovered exists principally as carbonate, with smaller quantities 
of hydrosulphate, sulphate, hyposulphite, sulphocyanate, and chloride, of ammonium. This last salt 
in some cases represents 50 per cent, of the total amount of ammonia compounds procured in the 
water distilled with the gas, none but volatile salts being absorbed in the water descending 
through the scrubbers. Gas-liquor may be used directly as a liquid manure, provided it does not 
contain an appreciable amount of sulphocyanates (which are highly poisonous to vegetable 
' growths), and that it be considerably diluted with water. It is far more common, however, to distU 
the ammonia from the liquor, and to collect it in sulphuric acid, as sulphate of ammonia. This 
salt is sold commercially on a guaranteed basis of about 24 per cent, of ammonia, or more than 03 
per cent, of pure sulphate. When the proportion of nitrogen is very large, sulphocyanates may bo 
suspected. Their presence may be detected by the formation of a blood-red colour on the addition 
of ferric chloride to an aqueous solution. If phosphates exist in the solution, the reaction can be 
observed only in the presence of hydrochloric acid. 

The spent oxide of iron used for purifying gas also contains some ammonium salts, principally 
sulphate, with a little sulphocyanate. This may be washed out and utilized. 

When the gas is purified by sawdust soddened with sulphuric acid, the purifier will contain, 
when dry, about 12 per cent, of nitrogen, which is equivalent to more than 50 per cent, of 
ammonium sulphate. It is not all present as sulphate, however, cyanides and sulphocyanates 
existing also ; but it is said that the sulphocyanic acid evaporates by keeping the material in bulk 
for some time, and, being very volatile, it can certainly be easily expelled by hydrochloric or 
sulphuric acid in the presence of heat. 

Commercial sulphate of ammonia is a white or pinkish-coloiued crystalline mass. It may be 
readily applied in the form in which it is sold by the gas-companies, and other manufacturers of 
the article. It is also occasionally added to other fertilizers, in order to increase the percentage 
of nitrogen. 

SuPEBPHOSPHATES. — “ Superphosphates,” using the term in its widest sense, consist principally 
of phosphatic minerals treated with sulphuric acid, for the purpose of rendering the phosphates 
soluble in water, and therefore easily accessible to the plant. It is not by any means certain that 
the phosphates would not be rendered soluble in course of time, if applied to the soil without 
previous treatment with sulphuric acid ; on the contrary, in some parts of Germany, are found 
deposits of mineral phosphates, which contain so much iron and lime in proportion to their phos- 
phoric acid, that they cannot economically be used in making superphosphates, and these are applied 
to the land in a raw state. But the point aimed at is to supply material for the sustenance of 
the crop immediately to be grown, and it is small consolation to apply a dressing whose effect 
will not be seen for years. Therefore, except under such abnormal conditions as those stated, all 
mineral phosphates are dissolved in sulphuric acid, before application to the groimd. 

The many varieties of superphosphate are in accordance with the diversity of material used in 
their production. As all the mineral phosphates employed, and which form the bulk of this class 
of manure, undergo the same preparation, a description of the manufacture may be preceded by a 
notice of the most important species of this raw material. 

Mineral Phosphates. — The value of a mineral phosphate may be adjudged in a great measure from 
its chemical composition. The first thing necessary is a large proportion of combined phosphoric acid, 
yielding, after manufacture, soluble tribasic phosphate of lime, — alwaj s the chief ingredient upon 
which the worth of a superphosphate is estimated. But it must not be taken for granted that the 
mineral containing the most phosphate of lime will yield the greatest proportion of soluble tribasic ^ 
phosphate, for this is by no means certain. The presence of several other substances will greatly 
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detract from the value of the sample. These are principally free oxide of iron, alumina, fluoride of 
calcium, silica, and carbonate of lime. 

Free oxide of iron and alumina act detrimentally in two ways; — firstly, by absorbing and 
wasting a large amount of sulphuric acid ; and secondly, because superphosphates made ftom 
minerals containing large proportions of these materials have a tendency to “ go back ” in standard, 
that is to say, that a portion of the soluble phosphate becomes, after a time, insoluble again. It 
may therefore happen that a mineral poor in phosphoric acid, and free from these compounds,- will 
yield a manure of greater value than another mineral having more phosphoric acid, but con- 
taminated with these deleterious ingredients. Iron existing as pyrites is not so mischievous, as it 
remains undissolved. 

Fluoride of lime is objectionable chiefly as an absorbent and waster of sulphuric acid, while the 
gas evolved from it is highly unpleasant and unwholesome. The same may be said of chloride of 
lime. Their presence must also decrease the proportion of soluble phosphate. 

Siliceous matters have no chemical effect upon the process either one way or another ; but, by 
adding to the weight and bulk of material, they lower the proportion of soluble phosphate. 

Carbonate of lime is objectionable, when in very large proportions, from causing a waste of acid, 
and reducing the proportion of soluble phosphate, as any other foreign body must do; but it 
possesses, on the other hand, a physical property which renders welcome its presence in moderate 
quantity, that is, that the carbonic acid liberated on its conversion to sulphate of lime remains in the 
mass for a time in a gaseous form, and thus produces in the finished manure a certain porosity or 
lightness, which is very desirable ; and, at the same time, the snlphate of lime formed causes the 
manure to dry rapidly, which is one of the most important points to be attained in practice. 

These remarks will be quite sufficient to indicate that, while taking the chemical analysis of a 
phosphate as a groundwork, it will be necessary to supplement this (supposing the analysis, of 
course, to warrant it) by actually trying the material with regard to the amount of acid it requires, 
and its physical and chemical conditions, when newly made, and after a lapse of time. 

A more detailed description will now be given of the mineral phosphates principally employed in 
the manufacture, and of those waste products from other branches of industry which are now made 
to contribute towards the production of artificial manures. 

Coprolites. — The name “ coprolites ” is given to a large class of mineral phosphates, existing as 
nodules and fossils, in strata of various geological ages, and scattered widely over the globe. They 
have been supposed to be fossil animal excreta, but it is at least doubtful whether that is the true 
origin of all coprolites. 

The most valuable beds of the mineral in this country are in the Upper Greensand formation, 
lying chiefly in Cambridgeshire, and merging into Buckinghamshire. These are known as “ Cam- 
bridge ” coprolites, and formed at one time almost the only mineral phosphate employed in this 
country. They are of a greenish-grey tint, and are washed from a stratum not exceeding 1 ft. in 
depth. Hitherto, their standard of tribasic phosphate has been ver\ constant ; but deterioration is 
now often visible. They contain more carbonate of lime than the other coprolites, while the iron 
present is almost entirely as sulphide and silicate. The principal ingredients vary as follows : — 
Tribasic phosphate of lime, 54-60 per cent. ; carbonate of lime, IIJ-ISJ ; fluoride of lime, If-IJ ; 
oxide of iron and alumina, 3J-5J ; insoluble siliceous matter, 6-8|. 

Suffolk coprolites are another variety, raised in that and some adjoining counties, from beds 
adjacent to the London clay, in the Tertiary formation. That decomposed organic remains have at 
least been the origin of their phosphoric acid, can scarcely be questioned ; but it is doubtful whether 
these coprolites are of the same character as the “Cambridge,” and whether they have not rather 
been calcareous pebbles, metamorphosed by the action of phosphoric acid. They were the first 
coprolites used in this country, and monopolized the market till better varieties were discovered ; 
but they are much inferior to Cambridge, in containing less phosphoric acid, and much more oxide 
of iron and alumina. Alone, they are not sufficiently good for making a superphosphate which shall 
yield at least 25 per cent, of soluble phosphate ; but they may be used with richer phosphates, 
such as Cambridge coprolites, in the proportion of 3 parts of the former to 1 of the latter. They 
much resemble Cambridge coprolites in shape, but are very hard, with a smooth surface, and 
brownish-ferruginous tint. Their tribasic phosphate of lime averages about 52J-61J per cent. ; 
carbonate of lime, 10-17J; fluoride of lime, l^J; iron and alumina, li-lOJ; and insoluble 
matters, 9|-12J. 

At Potton, in Bedfordshire, coprolites are quarried from the Lower Greensand formation ; on the 
whole, they are inferior in quality to the preceding. The larger nodules equal “ Cambridge ” in 
proportion of phosphoric acid, but contain more oxide of iron ; the lesser nodules are of very poor 
quality. The colour is reddish. Their approximate composition is : — Tribasic phosphate of lime, 
30-54^ per cent. ; carbonate of lime, 5-8 ; fluoride of lime. 4 ; iron and alumina, 8-20 ; insoluble 
matters, 15-25. The nodule bed is intercalated in a deposit of coarse ferruginous sand, and is 
exceedingly variable in thickness. The sand extends to the north-east of Sandy Heath, by 
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Everton, CSamlingay, and Caxton, but the pbospbatic bed has not been discovered in this direction. 
The extension of both the sandy and the phosphatic beds in a sonth-westerly direction is deter- 
mined by the river Ivel. The beds reappear at Ampthill, where they are worked for the coprolites, 
and may also be traced in the neighbonrhood of Woburn and Leighton. 

Wicken coprolites are an inferior kind from Cambridgeshire, generally resembling the Suffolk 
variety, and composed approximately of : — Tribasic phosphate of lime, 36 per cent. ; carbonate of 
lime, 10 ; fluoride of lime, 2 ; iron and alumina, 12 ; insoluble matters, 28. The phosphatic nodules 
are embedded in a sandy matrix, and are of two colours, light and dark : the former resemble those 
of Potton ; the latter are characterized by a smooth exterior, and a smaller percentage of phosphate. 
The workings have been abandoned for some time. 

Another Upper Greensand eoprolite is raised in the neighbonrhood of Boulogne, and sent over 
to this country, for use with higher class phosphates. It occurs in large grey nodules, with 
frequent organic d^ris, and is widely distributed along the north-eastern coast of France, from 
Havre to the Flemish border. Though poor in phosphoric acid, its impurities are principally non- 
deleterious, and therefore its phosphate is more easily available. Analyses by Voelcker of .5 samples 
of Boulogne coprolites gave respectively: — Tribasic phosphate of lime: 45 97, 46'43, 46'43, 45'19, 
38‘61 per cent.; carbonate of lime: 8‘07, 11‘93, 10‘27, 8‘95, 11'66; fluorine (3 samples) ; 2‘08, 
2-77,4 96; oxide of iron ; 2-89, 3-63, 3-54, 6-24, 3-52 ; alumina: 3-09, 3-66, 3-64, 5-39,4-94; 
insoluble siliceous matters: 24-98, 23-56, 24-93, 26-16, 28-45. France possesses two other 
important deposits of coprolites, known as the Ardennes and the Bellegarde beds. The former 
are of greater importance than the Boulogne coprolites, and are largely and successfully used in 
French agriculture, as a simple finely-ground powder. The annual production of these beds was 
estimated at 25,000 tons in 1872, and has very materially increased since. The Bellegarde coprolites 
may possibly exercise some local influence, but the low proportion of phosphoric acid in the material 
will prevent its wider application. 

Coprolites are also said to be abundant in Germany, and to occur sp,arsely in Canada. Eussian 
coprolites are, perhaps, rather better known, but they are of very poor character, giving Tribasic 
phosphate of lime, 33-48 per cent. ; carbonate of lime, 5J ; fluoride of lime, 3J ; iron and alumina, 

6 ; insoluble matters, 30J-43. 

Apatite. — Apatite is a definite crystalline mineral, and is the purest phosphate met with in an 
inorganic state. There are two varieties, known as “ fluor-apatite ” and “ chlor-apatite,” according 
as the lime not existing as phosphate is combined with fluorine or chlorine. Sometimes both forms 
are present. These minerals are found in veins, in primitive formations and volcanic rocks, princi- 
pally in Scandinavia and Canada, but also in Bavaria, Bohemia, Saxony, and Switzerland, as well 
as in New York and New Jersey, in America. As they contain from 75 to over 90 per cent, of tribasic 
calcium phosphate, they are a valuable source of phosphoric acid, but a well-conditioned superphos- 
phate can hardly be made from them alone. They answer admirably, however, in conjunction with, 
phosphates containing less phosphoric acid and more carbonate of lime. They are very hard, and 
of vitreous appearance, with a colour varying from yellowish to greenish-white. 

The vein of chlor-apatite, which was discovered some years since on the southern coast of Norway, 
has been worked on a considerable scale by the Bamble Phosphate Co., and others. The expense 
of preparing the rock for market by band-trimming is great. The present annual production barely 
reaches a few thousand tons ; while the extent of the deposit was estimated at 75,000 tons. Some- 
times the mineral yields as much as 90 per cent, of phosphoric ar id in bulk, but generally it does 
not exceed about 75 per cent. It consists essentially of:— Tribasic phosphate of lime, 75-90| per 
cent.; chloride of lime, l^-4i; iron and alumina, 2-3; siliceous matters, 1 §-11 5 . Some samples 
also contain about 1 § per cent, of fluoride of calcium. 

The Canadian variety is imported to a greater extent than the foregoing. It is a fluor-apatite, 
sometimes containing also carbonate of lime, which is said never to be the case with the Scandi- 
navian mineral. Analyses show Tribasic phosphate of lime, 65-91 per cent. ; fluoride of lime, 
7§ ,- chloride of lime, f ; siliceous matters, 1-lOi. The deposits consist of pockets or bunches, of 
crystalline structure, embedded in granite, gneiss, and mica-slate. Their occurrence in widely 
separated pockets, the cost of excavation and hand-trimming from the accompanying rock, and the 
great expense of transportation, combine to limit their consumption. The production hitherto has 
not been much above 10,000 tons annually, even if it has always exceeded 5000 tons. New England 
and Great Britain absorb almost the whole quantity raised. 

Phosphorite. — The mineral known as “ phosphorite ” is a fluor-apatite, contaminated with quartz, 
and differing from all other phosphates in being pyro-phosphorescent. It is found principally in 
Spain and Portugal, and especially in the Spanish province of Estramadura (whence its common 
name of “Estramadura phosphate”); also at Amberg, in Bavaria. It is a hard, yellow-tinted, 
crystalline body, moderately free from iron and alumina, and often wanting altogether in carbonate 
of lime. It yields a high class superphosphate, from 30 to 33 per cent, of its phosphate being , 
rendered soluble ; but the lack of carbonate of lime makes it non-porous, and difiScult to get into a 
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powdery condition. It is imported largely from Spain, Samples from cargoes indicate the following 
variations in its composition : — Tribasic phosphate of lime, 53-86 per cent. ; carbonate of lime, 
O-IOJ; fluoride of lime, 1-3|; iron and alumina, 1^-4; insoluble matters, 4-21. Logrosan and 
Caceres are the two principal localities where the mineral is found in Spain. At the former 
place, are several distinct veins of phosphorite. The rock is blasted out, and the large pieces 
are cleaned by band and hammer, and then assorted into high and low grades. The pieces 
of trimmed rock average 3-4 in. in thickness. The shipment necessitates great trouble and 
expense. The mineral is transported in he,rvy waggons, drawn by mules or oxen, and carrying 
2-2i tons, to the railway at Villanueva de la Serena. The cost of transport and handling till the 
phosphate is put on board at Lisbon amounts to almost 40*. a ton, and the expenses reach 60s. by 
the time it is landed in England. A railway to Villanueva would greatly reduce the cost, and 
would permit the delivery of enormous quantities of the material, to the exclusion of Carolina and 
other low-grade phosphates. This phosphorite may be depended on as yielding 75-85 per cent, of 
bone phosphate of lime, it can be raised and laid down at the mine’s mouth for 12s. a ton, and 
it exists in enormous quantity. The construction of a railway or tramway as indicated would 
probably enable it almost to monopolize the markets of Europe. 

On the other hand, the Caceres mines are more important at present, and form the chief 
competitors with Carolina phosphate in the English market. From 1866 to October 1875, the 
principal company at Caceres had furnished about 125,000 tons, receiving 8-14s. a ton, according 
to quality, for the rook at the mines. The cost of transport to Lisbon amounts to about 32s. a ton. 
Analyses of the mineral show bone phosphate of lime averaging 60-65 per cent. The total recent 
production has been about 25,000 tons yearly. Most of it comes to England, France consuming 
only a few thousand tons, and Spain itself none at all. 

Phosphates. — Under the head of “ phosphates,” are included the remaining known phosphatic 
minerals, save a few non-nitrogenous guanos, which, however, resemble the Peruvian gnano in 
little besides name. The best known phosphates are those occurring in pockets or patches in lime- 
stone formations in France (Bordeaux), Germany (Nassau), and Carolina ; less important are the 
Bnssian and Bukowina varieties ; while immense quantities are derived from the "West Indian 
islands of Sombrero, Navassa, Maracaibo, St. Martin’s, Curajao, Oruba, and Pedro Keys. Besides 
the preceding, which are all phosphates of lime, there are two varieties of phosphate of alumina, 
known as Bedonda and Alta Vela. 

The French phosphate is raised in the departments of Lot and Tam-et-6aronne, and is shipped 
to this country in large quantities from Bordeaux. It exists in fissures and cavities in the lime- 
stone, varying much in size and shape, whose whereabouts is generally indicated by outcropping 
threads of the mineral. It seems to be an aqueous deposit, and is sometimes found at but a short 
depth beneath tlie surface, in thin layers, underlying alluvial soils, wliich also contain a large pro- 
portion of phosphates, associated with iron and other impurities. This surface layer is unfit for 
manufacture, but is used on the spot in a raw condition. The appearance, quality, and texture of 
the mineral vary considerably. The richest specimens are hard, of white colour, and break with an 
earthy fracture. The bulk of it is harder and more compact, of a dark-yellow or brown tint, con- 
taining about 70 per cent, of phosphate ; while some that is raised is of still poorer quality, dark- 
agate coloured, of waxy lustre, and seamed with veins of oxide of iron. This last has no important 
commercial value. The beds are principally in English hands. Tlie best sorts, containino- 70-80 
per cent, of phosphate, and very free from oxide of iron and alumina, form superior manures • 
but as the phosphate decreases, the iron, &e., increase, so that the low grades are worthless for 
manufacturing purposes. The standard of the commercial article varies as follows Tribasic 
phosphate of lime, 50-80 per cent. ; carbonate of lime, 8-15J ; iron, alumina, fluorides &c 4-13 • 
siliceons matters, 2J-19. 

The phosphorites of the south occur in the three departments of Tarn-et-Garonne Lot and 
Aveyron. Fig. 932 shows a geological section of the bed as met with at Caylus (Tarn-et-Garonne) • 
o, red clay; 6, Jurassic limestone; c, phosphorites. These phosphorites are enclosed in cavities 
resulting fixjm the upheaval of the Jurassic formation, and are supposed to have been produced by 
the infiltration of phosphated water, and the subsequent evaporation of the water. The mode of 
occurrence of the phosphatic nodnles of the Tun series, worked at Lezennes, in the department of 
Nord, is shown in Fig. 933: a. Tertiary sands; 6, chalk; c, freestone ; a, phosphates of the Tun 
series, in green chalk ; e, chalk and flints. The phosphate beds at Mans, in Maine, occur as 
shown in Fig. 934 : a, yellow sand in inclined beds ; h, sand and sandstone blocks ; c.’foliaceous 
clay; d, sand and sandstone 'blocks, with nodnles of phosphate; e, yellow sandstone. In the 
Ardennes, Ome, Eure -et- Loire, and Perche, phosphatic beds are found in the Gaize A 
geological section of that of Ce'ton (Orne) is shown in Fig. 935 : a, siliceous clay ; h, chalk 
containing ^ten and asper fossils; c, Gaize, beds of nodules; d, astarte limestone.' Nodnlar 
^ phosphates in the Giault are abundant in the dep-artments of Ardennes, Pas-de- Calais M 
Aube, Hante-Mame, Yonne, Marne, Isere, Doubs, Hante-Saone, and Alpes-Maritimes * At 
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Wessant (Pas-de-Calais), they present a section as shown in Fig. 936 ; a, disturbed ground ; b, 
small phosphatic bed ; c, Gault limestone ; d, bed of phosphatic nodules ; e, green sand ; 
/, green sandstone ; g, pebbles ; h, river. • The phosphate of lime of the Lower Oolite occurs at 
St. Vigor (Calvados) as shown in Fig. 937 : a, disturbed ground; b, white oolite ; e, ferruginous 
oolite ; d, beds of phosphatic nodules ; e, bed of phosphate of lime ; /, millstone grit ; g, bed of 




flints ; A, millstone grit. At PoUle' (Sarthe), the nodular phosphates of tlie Lias present the section 
indicated in Fig. 938 : a, Tertiary sands ; b, siliceous clay ; c, marl, and Upper Lias limestone ; 
d, phosphate bed ; e, marl, and Middle Lias limestone ; /, Middle Lias conglomerate ; g, Carboni- 
ferous limestone. 

No new deposits have lately been discovered in these regions, despite continued and careful 
prospecting ; and an impression prevails that the better part, both in quality and quantity, has 
already been sent to market. The production has reached 20,000 tons a year. 

The German or Nassau phosphate occurs in a manner very similar to the last-named, near the 
rivers Lahn and Dill, in the Rhine basin. It is also equally variable in comjjosition and aspect ; 
sometimes it breaks with an earthy fracture, and is of yellow hue ; again it will occur as a phos- 
phatic concrete, cemented by ferruginous matter ; and the crystalline form is not unknown. The 
best sorts are fairly free from iron, and make a good dry superphosphate ; but they set extremely 
hard. For a time, they were abundantly used here, but the supply is now trifling. The lower 
qualities, like those of the Bordeaux mineral, are useless for manure-making, and for identical 
reasons. They are similarly employed in a raw state on the spot. The better classes have a 
varying constitution, as : — Tribasic phosphate of lime, 58-71 per cent. ; carbonate of lime, 4J-8 ; 
iron and alumina, 4J-15; insoluble matters, 2J-12. It possesses a distinctive peculiarity in the 
presence of appreciable quantities of iodine, which is often driven off in violet vapours, on the 
addition of sulphuric acid. 

South Carolina or Charlestown phosphate is very similar in composition to the best coprolites, 
but differs widely from them in appearance. It is found in the calcareous formation of the Charles- 
town basin, partly underlying the city, and occupying an area amounting altogether to perhaps 
50-60 square mUes. The deposits are distinguished as “land” and “ river,” each having its own 
peculiarities. The mineral occurs in rough nodules, perforated by boring molluscs, and associated 
with marine and terrestrial animal fossils, in thick strata of clay and sand, the cavities in the phosphate 
being mechanically filled with these substances, from which they can be cleansed by washing. The 
phosphate appears to be a converted Eocene marl, and is very uniform in composition. The river 
phosphate is of dark-grey colour, and is obtained by dredging in the Bull, Soosaw, and Stono river- 
beds. It is much the harder of the two varieties, and is difficult to grind ; but is very superior for 
superphosphate-making. Though not containing so much phosphoric acid as the beat Cambridge* 
coprolites, it is riistinctly preferable to them, on account of its much lower percentage of carbonate 


1264 


MANURES; 


of lime oongnming less acid ; also by reason of the pyritons nature of nearly all the iron, and from 
its possessing physical characters which enable the acid to act on it with much better effect. It 
has replaced Cambridge coprolitcs to a great extent in this country. Its composition is represented 
as follows : — ^Tribasic phosphate of lime, 54-58 per cent. ; carbonate of lime, 12f-14 ; fluoride of lime, 
1-2J : iron and alumina, 3J ; insoluble matters, 13J-15. It is now often dried in hot-air flues 
before exportation, and is then called “ calcined phosphate,” yielding : — Tribasic phosphate of lime, 
571-59 per cent. ; carbonate of lime, Ilf ; siliceous matters, 12f . The land phosphate is inferior to 
the other in most respects, and is consumed almost entirely in home markets. It has a yellowish 
colour, and is softer^ and more easily ground ; but more difSculty and expenditure are entailed in 
cleansing it than is needed with the river kind, which can be washed at the same moment that it 
is dredged up. For this reason also, combined with the presence of its iron as oxide, it yields a 
lower grade of soluble phosphate, and is consequently less valuable. The mean of eleven estimations 
gives : — Tribasic phosphate of lime, 531 cent- > carbonate of lime, 81 ; iron and alumina, 71 ; 
siliceous matters, 14. 

Bnssia is said to possess some 12,000 square miles of phosphate-producing country, but analysis 
indicates nothing higher than 33 per cent, of tribasic phosphate. In the Bukowina, also, there are 
some deposits, declared to be rich on the average. The Bussian phosphate occurs generally in the 
strata of the Cretaceous formation ; it is also found in the Jurassic, Tertiary, and even Silurian. 
An examination into its commercial value led to the conclusion that, where the phosphate is 
accessible, its quality is too low to admit of more than local utilization ; while the richer nodules, 
disseminated as they are throughout a compact formation, cannot be mined profitably. Only one 
attempt has been made at local agricultural utilization of these vast deposits : that ended in failure. 

Of the large class of “ rock-” or “ crust-” guanos from the coral islands of the Caribbean Sea 
many are called “ guanos,” without any regard to their origin, which in some cases remains in 
obscurity. Seeing that they contain no trace of nitrogen, the term “ phosphate ” seems more 
appropriate. 

The most important and valuable variety is named after the island of Sombrero, on which it is 
found. The islet, which is only about 2J miles long, | mile wide, and 20-30 ft. above the level of 
the sea, may almost be said to be composed of phosphatic materials ; and the fragments of bones, 
found in the rock, have led to the supposition that the remains of turtles and other marine animals 
may have collected in the coral, while it was yet a shoal, and that bird-droppings assisted in 
cementing the mass together. The phosphate varies in colour, and is sometimes porous, at other 
times dense. It is at present worked below the waves, and probably the coral foundation on which 
it rests is now almost reached, as the mineral contains much more carbonate of lime, with less of 
iron and alumina, than formerly. Dissolved alone, it makes a very superior superphosphate, of 
light-yellow hue. It contains ; — Tribasic phosphate of lime, 69-76 per cent. ; carbonate of lime, 
12-17 ; iron and alumina, 4-10 ; insoluble matters, 1-2. 

Navassa phosphate exists in the form of pisolitic grains, of bright-red colour, cemented into hard 
masses, in the rock-cavities of the island whence it is named. It contains only a moderate amount 
of carbonate of lime, but its proportion of iron, and still more of alumina, is so great that it is 
impossible to make a superior superphosphate from it alone ; moreover, the toughness and 
stickiness of the material during manufacture, and the hardness with which it ultimately sets, 
are additional drawbacks. Its large proportion of phosphate makes it useful for admixture with 
poorer materials. Its principal component parts are ; — Tribasic phosphate of lime, 55-70 per cent ; 
carbonate of lime, 4-6 ; fluoride of lime, 0-2 ; iron and alumina, 23-28 ; insoluble matters, 3|-5. 

Maracaibo or Monk’s Island produced a very superior phosphate, which was principally used in 
manufacturing the so-called “ phospho-guano,” but which is now exhausted, or nearly so. 

St Martin’s Island, of the same group, now yields a valuable article, but which sometimes 
contains a large proportion of carbonate of lime. It varies thus : — Tribasic phosphate of lime, 52f- 
763 per cent. ; carbonate of lime, I5-32J ; iron and alumina, 2|-4J. 

The island of Curai^ furnishes a valuable phosphate of lime, in an unmineralized and finely 
divided state, which may be applied in its natural state, or employed to manufacture very superior 
superphosphates, as much as 38 per cent, of soluble tribasic phosphates having been got out of a 
damaged sample showing only 65 per cent, of tribasic phosphate before treatment. The possibility 
of attaining such a high standard, even from a comparatively inferior sample, is due to the fact 
that none of the phosphate appears to be contaminated to any extent with iron and alumina and 
that carbonate of lime and siliceous matters are almost equally conspicuous by their absence. The 
proportion of tribasic phosphate of lime rises as high as 80 per cent., and averages about 70. 

Another of the Leeward Islands, called Oruba, yields a tolerably rich phosphate, but it is apt to 
be strongly contaminated with iron and alumina. It chief ingredients are : — Tribasic phosphate 
of lime, 63i-76i per cent. ; carbonate of lime, 2^15i ; iron and alumina, 14J-26i. 

Bedonda and Alta Vela Islands produce phosphates in which the lime has been entirely or 
nearly so, replaced by alumina ; these are, therefore, quite valueless for manuring purposes. 
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There Teuain bnt the phoaphatic gnanos to be mentioned. The best of these is procured from 
Mejillones, on the Bolivian coast, and is employed in manufacturing the compound known as 
“ biphosphated guano.” Besides about 71 per cent, of tribasic phosphate of lime, it has nearly 
1 per cent, of nitrogen, with less than 2 per cent, each of carbonate of lime and siliceous matters, 
and scarcely any iron and alumina. 

Browse Island guano is closely similar to Mejillones, bnt somewhat superior. It is imported in 
a fine powder, free from lumps and stones, and ready for treatment with sulphuric acid, without any 
grinding or other preparation. It contains about IJ per cent, of ammonia, and yields a superphos- 
phate up to 40 per cent, soluble ; at the same time, it contains no fluorine, very little iron and 
alumina, and only a convenient proportion of carbonate of lime. 

Malden Island guano, as well as that from Howland and Starbuck Islands, all of the same 
archipelago, hava been principally used in Germany, for the preparation of high-class super- 
phosphates. The first-named contains nearly § per cent, of nitrogen, besides tribasiu phosphate of 
lime, about 73J per cent. ; carbonate of lime, 12J; ferric oxide, 1. 

The following is a comparative statement of the percentages of phosphoric acid in the various 
natural phosphates and in the superphosphates made from them ; — 


CouKEBCiAL Phosphates : 

Localities. 

Percentage of 
phosphoric Acid 
in the Natural 
Phosphates. 

Percentage of Phos- 
phoric Acid in the 
Superphosphates 
made from them. 

Rio Grande— Bone-ash 

39-84 

13-98 

Mejillones — Guano 

33-23 

18-58 

Phoenix Islands — Eock-guano 

39-08 

17-18 

Sombrero — Eock-guano 

37-51 

16-90 

Curasao — Eock-guano 

32-52 

15-80 

Swan Island — Eock-guano 


13-83 

Navassa — Eock-guano 

38-18 

11-42 

Elrogue — Eock-guano 

32-00 

Wet. 

Redonda— Eock-guano 

40-19 

Wet. 

Cambridgeshire — CoproUtes 

26-47 

10-09 

Cambridgeshire — Coprolites 

25-95 

10-02 

Ardennes — Coprolites 

20-71 

7-60 

Grandpre — Coprolites 

17-13 

6-34 

Varennes— Coprolites 

21-91 

5-14 

Bellegarde — Coprolites .. 

23-37 

8-36 

Bordeaux — Phosphate 

38-64 

14-98 

Bordeaux — Phosphate 

21-46 

5-04 

German — Phosphate (best) 

34-88 

16-61 

Germsin — Phosphate (inferior) 

17-56 

8-08 

Peine— Coprolites 

14-38 

5-82 

Horde — ^Black band (phosphate) 

19-48 

1-46 

Russia — Government of Orel (phosphate) 

18-35 

Wet. 

Odegaarden — Apatite 

37-66 

15-41 

Spain — Phosphorite (best) 

38-05 

14-04 

Spain — Phosphorite (inferior) 

20-15 

9-20 

Logrosan — Phosphorite (yellow) 

37-55 

16-20 

Logrosan — Phosphorite (rosy) 

42-17 

18-10 

Zarza la Mayor — Phosphorite 

36-26 

15-49 

Caceres — Abundancia mine 

27-00 

13-62 

Caceres — Estrella mine (white) 

29-09 

14-72 

Caceres — ^Esmeralda (rosy) 

37-38 

15-94 

Canada — Apatite 

39-80 

19-59 

Carolina phosphates — 

Cooper River — Land deposit 


10-70 

Ashley River „ „ 


12-30 

Ashley River „ „ 


9-68 

Between Ashley and Eantowles — Land deposit.. 


15-53 

Between Ashley and Eantowles — „ „ 


11-17 

Wando Eiver — Eiver deposit 


10-30 

Stono Eiver „ „ 


12-54 

Edisto Eiver — Land deposit 


11-79 

Bdisto River „ „ 


9-95 

Edisto Eiver „ „ 


10-43 

Ashepoo Eiver „ „ 


12-51 

Ashepoo Eiver „ „ 


14-55 

Ashepoo Eiver „ „ 


11-67 

BuU River — River deposit 


12-73 

Soosaw Eiver „ „ 


14-16 

Beaufort Eiver „ „ 


10-14 


4 M 
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Bone-ash. — Bone-ash is another nsefnl prodnct, containing 60-80 per cent of phosphates. It con- 
sists of calcined bones, contaminated with more or less of foreign substances. Their nitrogen is driven 
off by the calcining, and is generally wasted. Bone-ash is imported mostly from S. America, also from 
the Baltic and Black Sea ports. It is rarely or never applied in its imported state, but is generally 
ground in mUls, such as are used for reducing mineral phosphates, described further on. In a finely 
comminuted state, it is employed in producing the better class superphosphates, or “ bone-manures.” 

Shoddy.— 'WooMeu refuse and hair, generally known in the market as “ shoddy,” are essentially 
.nitrogenous manures. Pure dry wool or hair contains about 17 per cent, of nitrc^en, but the com- 
mercial article commonly varies between 6 and 8 per cent. When applied in a crude form, it 
decomposes very slowly, and its benefit is observed for several seasons. Treatment with sulphuric 
acid hastens its absorption ; and it is often employed in the manufacture of other manures, solely as 
a source of nitrogen. 

Animal Charcoal. — ^This is a phosphatic material, consisting of the ash produced by burning 
bones in close vessels (see p. 453). It is used in sugar-refineries, and other works, for purifying 
purposes, and when no longer efficacious in this respect, it finds a market with manure-manufac- 
turers. The amount of phosphates contained in it may vary from 50 to more than 80 per cent., 
according to the purpose for which it has been employed. Before being used as a manure, its 
phosphates are always rendered soluble by treatment with sulphuric acid ; generally it forms only 
an ingredient of superphosphates. 

Suffar-scum.— The term “ sugar-scum ” is applied to a compound obtained from sngar-refineries, 
containing not only the solid impurities of raw sugar, but also occasionally the coagnlable consti- 
tuents of blood used in the refining process, as well as bone-char, when the char-dust is utilized by 
mixing it with the solution of sugar in the “blow-np” pan (see Sugar). Analyses of a series of 
sngar-scnips in actual use by manure-manufacturers reveal great variety of composition (1) Phos- 
phate of lime, 11-75 per cent.; ammonia, 1-18. (2) Phosphates, 26-00; ammonia, 3-4. (3) 
Phosphate of lime, 6-16. (4) Phosphate of lime, 3-14; nitrogen, 1-22 = ammonia, 1-48 (equal, 
in dry scum, to nitrogen, 2 -88 = ammonia, 3-49). (5) Phosphate of lime, 10-8 ; nitrogen, 0-98 =' 
ammonia, 1-19. (6) Phosphoric acid, 7-14; nitrogen, 1-36 = ammonia, 1-65 (equal, in dry scum, 
to nitrogen, 1 -83 = ammonia, 2-22). (7) An analysis of the dried contents of the filter-bags at a 
sugar-refinery where no blood is used gave Moisture, 3 • 5 ; organic matter, 41-6 (containing 17-8 
sugar, and 0-5 nitrogen); ferric oxide, 0-72; alumina, none; phosphoric acid, 2-03; lime, 22-5; 
magnesia, 1 - 83 ; sulphuric acid, 6 - 82 ; chlorine, none ; carbonic acid, 11-3; insoluble residue, 7 ■ 76 ; 
alkalies and loss, 1 - 94. Comparative analyses of samples taken respectively from (a) the filter-bags 
of a refinery where no blood is used, and from (6) those of another (belonging to the same firm) 
where several pails of blood are added to each charge of the “ blow-up ” pans, gave the following 
results : — Moisture, a 48-58, 6 46-95 ; organic matters, a 20-82, b 29-55; mineral matters a 30-60 
b 23 - 50. The mineral matter contained— phosphoric acid, a 4 - 03, 6 2 - 24 ; and the organic matter—^ 
nitrogen, dO-iS, b 0 - 89 = ammonia, o 0-59, 61-09. Comparing these results with those of analyses 
(4), (6), and (7) above, the quantity of nitrogen appears very much lower. The inference to be 
^drawn from this is that scum from refineries where neither blood nor char-dust is used would 
probably be of little value to the manure manufacturer. That procured from one sugar-works is said 
to contain 18-20 per cent, of phosphate of lime. The 
exhausted bone-black from sngar-refineries contains about 
58 per cent, of triphosphate of lime and magnesia, and 
8-8 of carbonate of lime. 

Scutch. — The term “ scutch ” is applied to the refuse 
from glue-works. It is usually treated with heat and 
sulphuric acid, to separate any fat it may contain, before 
being used for the manufacture of manure. Sometimes 
this is conducted in open or partially closed vessels by the 
aid of free steam ; as the fat separates, it is skimmed off, 
and when all of it is removed, the residue is rtm off into a 
tray, to cool and consolidate. In some works, it is run 
into trenches dug in the earth, and after several months, 
is dug out, and dried in kilns or brick flues ; at others, it is 
collected in a heap, and left to dry by spontaneous heating. 

The chief point ,to be attended to is to deal -with the 
scutch as early as possible after its removal from the 
glue-pan. An excellent apparatus for inoffensively 
extracting the fet from scutch is shown in Fig. 939. The scutch, mixed with acid, is heated by free 
steam in a large pan A, provided with a rim a, containing water, into which dips the edge of a 
conical cover B. so as to form a water-lute when the cover is let down. A short len<dh of pine 6 
closed at the top, rises from the apex of the cover, and is surrounded by a ring of perforated pi^ J 
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from which cold water constantly flows over the outside of the cover, into the grooved rim of the 
pan, whence a waste-pipe d carries it away. By this means, the steam within is condensed, and 
runs down the inside of the cover into the rim. The fat is ladled out, and the residue is run off 
into a covered tank outside the works to cool. 

Another form of apparatns is shown in Figs. 940, 941. The scntch and sulphuric acid are intro- 
duced into a close cylindrical leaden vessel A, encased in wood, and charged at the upper part 
through a circular opening a, about 
18 in. wide, which is closed while 
working, by an iron cover screwed 
down. Within is a stirrer B, the 
shaft of which passes throngh the 
centre of the top of the vessel. 

When the cylinder has been charged 
and closed, steam at about 105° 

(220° F.) is admitted for 2 hours at 
d. Very little vapour escapes by 
the safety-valve b, and its odour is 
not perceptible outside the works. 

At the end of 2 hours, the steam is 
shut off, and the material is left to 
settle till next day. The fat is then 
ladled out through the charging- 
door, and the residue is rnn off 
throngh an opening c, about 14 in. 
wide by 5 in. deep, near the bottom 
of the vessel. Another method in 
use is as follows. The scutch, quite 
fresh from the pans, whence it is 
brought in closed vessels, is put into 
a tub with water and sulphuric 
acid; steam is injected to separate 
the fat, which is taken off, and the 
scnteh is enclosed in coarse bags, 
and strongly pressed in a hydraulic 
press, to which steam is admitted. 

The fat flows off from the bottom 
of the press, and is collected and 
refined by remelting by steam-heat. 

The pressed scntch has no odonr,and 
can be kept under shelter, without 
heating or becoming offensive. 

Manufacture of Artificial Manures. 

— The next consideration is the 
means adopted for preparing raw 
materials for use as artificial fer- 
tilizers. It has been already re- 
marked, that the greater part of 
the phosphate of lime existing in 
mineral phosphates is in a state that defies solution in ordinary water, and that, in order to render 
that phosphate soluble in water, and immediately available for the plant, it is dissolved by the 
action of sulphuric acid. The decomposition of the mineral would occupy such a great length of 
time, however, if the acid were to be applied to the unbroken nodules, that they are universally 
reduced to a fine state before being mixed with the acid. 

Cmshing. — The first process in the preparation of the mineral is that of reducing it to such a 
consistency as to admit of its being fed regularly into the mills which grind it to powder. This 
may be ef^ted by the “ crusher,” shown in Fig. 942, consisting of a pair of chilled cast-iron rollers. 
Sometimes two pairs are arranged in the same machine, the lower ones being set somewhat closer 
than the upper. The mill may be fed with material about the size of road-metal. It is usually 
worked in conjunction with the grinding-stones, and is then driven from the same lay-shaft, to 
which the pinion and disengaging-clutch are attached, as shown. The method of driving may, 
however, be made suitable for any required position. Pressure is applied to the rollers by means of 
weighted levers, which may be varied according to the nature of the material under operation. 
These crushers are manufactured by E. R. and F. Turner, of Ipswich, in two sizes ; the smaller, 
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capable of crnahing about 2 tons an hour, requires about 3 H.-P. ; the larger needs double 
that power to reduce about 5 tons an honr. In some cases^ so-called “ edge-runner ** mills are used, 
instead of the specially constructed crusher. 

Grinding. — The material issuing from the crusher is taken by elevators, or by other suitable 
means, to be fed as required into the hoppers on the grinding-mill. These do not differ materially 
from an ordinary flour-mill. The bed-stones should 
be firmly secured in cast-iron coned pans, fitted with 
adjustment-screws ; and the driving-wheels on the 
lay-shaft should be geared with hard and well- 
seasoned wooden cogs. These wheels may be made 
in halves, for facUitating the renewal of the cogs by 
means of a duplicate wheel. They work with iron 
pinions on the stone spindles. 

The stones are usually best French burrs, and 
are 4 ft. 6 in. in diameter. Each mill requires about 
6 horse nominal engine power to reduce 10 cwt. an 
hour of the material from the crusher to a fine 
powder. It is very important that the phosphate 
shall be reduced to an exceedingly fine powder, espe- 
cially when the mineral is very hard, as otherwise 
the acid will not have a fair opportunity of acting 
upon it, and consequently the proportion of soluble 
phosphate produced will be less than it might be. 

This fact has been demonstrated by experiments; 
of some samples of ground phosphates, fulfilling in 
all respects exactly similar conditions, it was found 
that the sample which had been ground to the finest powder gave 251 per cent, of soluble phos- 
phates : while it was impossible to get far beyond 22J per cent, with that which had been passed 
through a “ 38-wire ” sieve. The 
material cannot, in fact, be 
rendered too fine; and a good 
plan is to regrind all that does 
not mu through the hand as an 
impalpable dust, like flour, or 
the very best Portland cement. 

It should be caught from the 
mfll in a sieve, and be constantly | 
tested. 

Mixing. — The dry materials 
to be employed in the composi- 
tion of the manure, whether 
ground mineral phosphate, 
crushed bones, shoddy, scutch, 

■Ac., are raised to the “ mixer ” 
by some such apparatus as that 
shown in Fig. 943. This is a 
chain elevator, made by Turner, 
of Ipswich, and is found to 
answer exc^dingly well. The 
charge of dry materials is shot 
down at the foot of the elevator, 
to be raised by the buckets, and 
deposited by them, in a constant 
and regular stream, into the 
hopper with which the top of 
the mixer is fitted. The ele- 
vator shown in the figure will 
deliver abont 4-5 tons an hour ; 
but they may be made with 9-in. 
buckets, to raise 8 tons in the 

"T® materials alone, which yield readily to the buckets, ordinary pulleys with 

mdmrubber belting may be used, instead of the octagonal pulleys and iron chain ; but the latter 
repay their extra cost by longer wear. wiier 
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Kg. 944 shows a front view of the buckets, with a portion of the casing removed. The requisite 
parte are two octagonal pulleys, cost about 21 . ; double wrought-iron chain, about Is. a foot ; plate- 
iron buckets, with steel mouth-pieces, each 2s. 9d. ; and bolts and nuts for ditto, about Is. 3d. a doz. 
As the pitch of the chain is in., and every alternate link carries a bucket, there will be one 
bucket required for every 16J in. of chain, and 2 bolts and nuts to each bucket. The elevator 
drum should travel at about 20 rev. a minute. 


945 . 



Fig. 945 shows auother form of elevator for dry materials, which may be conveniently used 
when the latter have to be brought from a considerable distance ; but as it is much more expensive 
than the preceding form, it is only adopted when circumstances compel it. The truck is filled with 
4 cwt. of the ground material at the foot of the inclined plane, up which it is drawn by the chain. 
On reaching the top, the wheel is caught by a stop on the rail, and the contents of the truck are 
tipped into the hopper. The truck should make an ascent once in every three minutes. 

946 . 947 . 948 . 



I 




The “ mixer,” shown in end view, and longitudinal and cross sections, in Figs. 946, 947, and 
948, is also of Turner’s construction. It consists of a stout wooden ease of 3-in. deal, strengthened 
by longitudinal tie-rods of f x f in. round iron. The boards are all planed, and ploughed and 
tongued ; the tongues are 1 in. x J in., and are placed in the centre of the thickness of the boards. 
The top of the case consists principally of one board 9 in. wide, to which are hung four doors or 
covers, two on either side. The durability of the case is increased by lining it with “ 14-lb.” lead, 
at an extra cost of about 201. Iron cases have been tried, but have proved less durable than wood. 
Through the case, passes an octagonal shaft or spindle of cast-iron, into which cast-iron stirrers 
are wedged helically along its length. The price of such a machine, with feed-roll, hopper, and 
driving-pulleys, will be about 501 . ; and its weight, say 35 cwt. The drivii>g-strap should be 5 in. 
wide ; and the speed, 80 rev. a minute. The power required is about 4 H.-P. 

The action of the machine may be made continuous or intermittent. In the latter case, it is 
charged about once in every 3-5 minutes with 4-5 cwt. of ground materials, and the proper propor- 
tion of acid ; it will then turn out about 8-1 0 tons of manure an hour. By the time that the com- 
pound reaches the exit of the mixer, it should have become very uniformly mixed. The smaller 
sized mixer will make about l|-2 tons an hour, and needs little more than 1 H.-P. It is of primary 
import that the acid used be of one constant degree of strength, or as near thereto as is practicable, 
and that the quantity used in each charge or mixing be accurately proportioned to the needs of the 
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raw mateiM. Chamber acid, which is ordinarily .made at about 115° Tw., is perhaps the best 
suited for the purpose, as it is suflScieutly strong, and is, at the same time, not so strong as to need 
the addition of water. When the manure-manufacturer also makes his own acid, it may be conve- 
niently run from the chambers ; but as it would be very difScult to regulate minutely the delivery 
of a certain quantity of acid from so large a vessel as the leaden chamber, it is preferable to let the 
acid run first into a lead-lined tank, holding about 10 cwt. of acid, placed near the mixer, and at a 
height of about 4 ft. from the floor. A floating gauge-glass will readily indicate the height of the 
acid ; and at the side, may be fixed a leaden rule, graduated into divisions, each representing 
10 lb. of acid. The tank communicates with the mixer by a 3-in. leaden pipe, fitted with an 
earthenware tap ; by these means, and by observing the index, the attendant can regulate to a 
nicety the exact quantity of acid to a given weight of dry material. When the mixing is conducted 
intermittently, it is well to take care that, after a mixing has been let out, and the exit door has 
been closed, the flow of acid into the mixer shall be in advance of the dry materials, rather than 
allow the latter to precede the former, as, in this case, a hard, dry mass may accumulate at 
the mouth of the mixer, and create much trouble. 

Figs. 949 and 950 show a complete arrangement of manure-making apparatus : — a is the mixer, 
which is supplied with dry stuff by the elevators 6, and with sulphuric acid by the pipe c (having 
a plug at d) from the cistern e, which is filled from the chamber by the pipe f;gis the pit or “ den,” 
into which the manure is delivered by the mixer ; and h is the platform for the man who regulates 
the supply of acid, and opens and closes the delivery-hole of the mixer, by means of the sliding 
door, worked by a lever, as shown in Fig. 946. 

The following are practical notes on the quantity of concentrated sulphuric acid (say 168° Tw.) 
required by different kinds of phosphatic materials : — 1 ton Cambridge coprolites, 60 per cent, phos- 
phate, requires about 14 J cwt. ; 1 ton Suffolk coprolites, 50 per cent, phosphate, 15 cwt. ; 1 ton Spanish 
phosphorite, 68-70 per cent, phosphate, 14| cwt. ; 1 ton Navassa phosphate, 73 per cent, phosphate, 
14f cwt. ; 1 ton of a mixture of two parts Cambridge coprolites, and 1 part bone, 14 cwt. ; 1 ton of 
a mixture of 2 parts bone-ash (70 per cent.), and 1 part ^-in. bone and bone-dust, 13 cwt. When 
« chamber acid ” is used instead of oii of vitriol, an increased quantity of acid, varying in inverse 
proportion to its strengtli, will be required. The following table shows the number of pounds 
of chamber acid, according to its density, required for 1 ton of Cambridge coprolites; opposite 
the quantities, are stated the corresponding depths of acid in inches and tenths, as measured from 
a cistern having the dimensions 6 ft. x 4 ft : — 


ScrenKth of 
acid. 

Qaantity ns 
quired. 

Depth in 
Cistern. 

Strength of 
Acid. 

Quantity re* 
quired. 

Depth in 
Cistern. 

°Tw. 

lb. 

inches. 

OTw. 

lb. 

inches. 



10-7 

113 

1922 

9-8 

101 

1999 

10-7 

114 

1916 

9-75 

102 

1992 

10-6 

115 

1911 

9-7 

103 

1986 

10-5 

116 

1904 

9-65 

104 

1979 

10-4 

117 

1898 

9-6 

105 

1972 

10-35 

118 

1892 

9-55 

106 

1966 

10-3 

119 

1886 

9-5 

107 


10-25 

120 

1880 

9-45 

108 

1954 

10-2 

121 

1874 

9*4 

109 

1948 

10-1 

122 

1868 

9-3 


1941 


123 

1863 

9-25 

111 

1935 


124 

1857 

9-2 

112 

1928 

9*9 

125 

1851 

9-1 


The effect of the chemical action of the acid on the phosphate is the generation of considerable 
heat, which is of great service in rendering the manufactured article thoroughly dry, so that it can 
be reduced to a moderately fine powder. For the purpose of conserving the heat, it is common 
to make the mixer-pit of very large size, capable of holding as mneh as 100 tons at one time ; and 
it is found that much greater proportions of soluble phosphate, and altogether vastly superior manure 
can be got by mixing these large quantities, than by treating little batches. 

Mention has already been made of the ill effect exercised by ferric oxide and alumina, in 
causing the manure to “ go back ” in quality. Some experiments made were thought to show 
that the evil could be remedied by mixi ng such phosphates in small quantities, so that the heat of 
the mass should he far less considerable. But it was soon found that, besides producing a manure 
of very inferior physical qualities, the plan only had the effect of postponing the deterioration in 
chemical qualities, and did not in any degree prevent it. In working with phosphates whose 
“ setting ” power is good, depth is not essential in the den ; but in aU other cases, it is absolutely 
necessary, and better results are obtained in proportion as the shape of the den approaches more 
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n^rly that of a cube (omitting the comers). One manufacturer, of great experience in using 
German phosphorites, prefers a den of large area, so that the manure may run out thin, and cool 
quickly, and he thinlrH that this considerably lessens the liability of some manures to go back. 
On the other hand, this idea is contradicted by the experiments just alluded to, and. in running the 
manure out very thin, there is always great risk of d^troying the uniformity of the mass, particularly 
when bones form an ingredient of the manure. 

In cases where difficulty is experienced in obtaining a manure that will dry well, a small pro- 
portion of gypsum may be conveniently added, as a drier, if the phosphates used are of such high 


quality as to bear that admixture, and at the 
same time to yield at least 25 per cent, of 
soluble tribasic phosphate of lime. 

The production of so-called “ turnip- 
manures ” and “ dissolved bones ” is achieved 
by the addition to the dry materials, before 
mixing, of such nitrogenous or ammoniacal 
matters as have already been mentioned. 
When bones are used, they are generally intro- 
duced in &agments of the size known as 
“ half-inch ” ; in this form, they are so slowly 
acted upon by the acid that ^ey remain in 
specks throughout the mass, plainly visible t® 
the eye of the suspecting farmer. 

Screening. — After allowing the manure to 
heat for 24-36 hours, it is dug out, and put 
through a machine for reducing it to a pul- 


949 . 



verulent form. The best machine for this 


purpose is that known as Carr’s disintegrator. 

The material in passing through the machine 
is subjected to percussion from the bars of the 
cages which compose the latter, and which re- 
volve in alternate directions at a high rate of 
speed. A casing or hood is necessary to pre- 
vent the scattering of the material, from the 
centrifugal force it acquires whilst under 
operatiou. The power required to drive the 
machine varies from 8-H.P. upwards, accord- 
ing to its speed, the quantity delivered, and 
the nature of the material. It is scarcely 
necessary to add that only a thoroughly dry 
manure can be disintegrated in this machine, 
nor indeed in any other, except with the 
greatest trouble. 

Finally, the manure is weighed into gunny 
bags, holding 2 cwt. each ; the mouths of these 
are sewn up with coarse twine ; and, in this 
condition, the manure is conveyed to the land 
where it is to be used. The bags are seldom 950 . 

fit for re-use, and are more commonly charged 

for in the price of the manure, remaining the farmers property. The destruction of the bags by the 
action of the free sulphuric acid in the manure, and the consequent occasional waste of their con- 
tents, nmy be much reduced by passing the bags through a mixture composed of 15 per cent, chloride 
of barium, 10 per cent, chalk, 5 per cent, glue, 5 per cent, glycerine, and 65 per cent, water, 
squeezing them between wooden rollers, and drying them. For transport abroad, manures are 
generally packed in barrels. 

PoMdrette.— The French word ‘‘ poudrette ” is applied to a preparation of sewage, or rather night- 
soil, with sulphuric acid. The acid is generally added to the excrement in the pails used to trans- 
port it to the works, and the whole is then tipped into a Milbum^s desiccator, from which, when it 
kaji suffered sufficient evaporation, it is removed to a diying-floor heated by flues beneath. It is 
subsequently passed through a disintegrator, preparatory to being packed for sale. Sometimes a 
much more complicated system is pursued. The pails are first emptied upon a strainer, constructed to 
allow all liquid and fine suspended matter to flow through, while retaining the solid faeces, &o. 
The filtrate is pumped into an elevated tank, for the supply of a boiler capable of dealing with 
550 gal. of liquid matter at a charge, and provided with a stirrer, to prevent incrustation. The 
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boiler being charged, 80 lb. of dolomite (magnesian limestone) is added, and the whole is distilled 
by a fire below. The ammonia distilled off is conducted into an ordinary satnrator, such as is used 
in making sulphate of ammonia (see Alkalies — Ammonia), containing brown sulphuric acid. The 
foetid vapours evolved in the saturator are carried through a worm-pipe in the supply tank, partly 
for condensation, and partly to warm the contents of the tank before running them into the boiler. 
The condensed vapour is run off into the drains. The sulphate of ammonia thus made is evaporated 
in a shallow, open, leaden vessel, on the top of the saturator, and as it crystallizes, is drawn out and 
set to drain. Only ^ of the ammonia is boiled off. The residue in the boiler, when this proportion 
has been collected, is run off by a valve at the bottom, and is stirred up with superphosphate in 
large wooden vats. The product is then dried, either by ordinary means or by pressure. The solid 
matters originally separated by the straining are mixed in a mortar-mill with the superphosphate 
and soot or waste charcoal. 

To prevent nuisance arising from this manufacture, the whole process must be conducted within 
a closed building. The interior of the desiccator should communicate with a blower, creating an 
in-draught, sufficient to prevent the escape of effluvia through the crevices of the cover, or while 
charging the machine. Flues must be provided, so that the blower shall drive the vapours 
through the fires used for heating the drying-floor, before they escape into the chimney of the 
works. 

Prevention of Nuisance . — ^lu the process of manufacturing artificial manures, such as super- 
phosphate, nitrophos'phate, bone-manure, &o., very offensive and injurious vapours are abundantly 
evolved ; consequently, a knowledge of how to prevent these vapours from becoming a nuisance to 
the neighbourhood is of vital impoi tance to those engaged in the industry, particularly in a densely- 
populated country like England. Only a few of the largest firms have hitherto given much attention 
to the subject ; but future legislation on the noxious vapours question will probably enforce upon 
all the precautions willingly adopted by a few. 

The objectionable odours are generated chiefly in the apartments where the manure is mixed, 
and where it is received after mixing to set and coot — in other words, in the “ mixer ” and the 
" den.” It is therefore essential that these should be made practically airtight, so that the gases 
may be kept under control. The first point is to prevent the vapours generated within the mixer 
from escaping through the hopper by which the solid materials are fed into the mixer. This is 
most efficiently accomplished by substituting the arrangement shown in Fig. 951 for the ordinary 
feed-hopper. It consists of a horizontal wooden box, 
kept completely and constantly full of materials, 
whish are carried into the mixer by means of the 
archiraedean screw working within the box. It can 
only be used when the mixing is continuous. 

The manure, on flowing from the mixer, falls into 
the den, which is a close chamber, constructed of 
brickwork walls (best lined with cement plaster), and 
with a paved floor. In tlie walls of the den, are 
suitable wide openings for removing the manure 
when set ; these are firmly closed by stout wooden 
doors during the mixing. The den is also securely 
roofed over, either permanently or temporarily, in 
such a way as to include the outlet from the mixer. 

When the manure is to be dug out of the den, the latter is ventilated by removing the roof if 
temporary, or by opening windows provided for that purpose, if it be a permanent covering. As 
the vapours generated during the mixing of the manure, and immediately after its outlet from 
the mixer, are those chiefly to be dealt with, attention is mostly confined to means of drawing 
them away and rendering them innocuous. 

No very complete analysis has yet been made of the constituents of the gases evolved in the 
manufacture of artificial manures. In the case of ordinary superphosphate, fluoride of silicon is 
formed by the action of the sulphuric acid upon the silica and fluoride of calcium contained in the 
said phosphates. The fluoride of silicon, in the presence of condensing watery vapour, is resolved 
at once into hydrated silica and hydrofiuosilicic acid, thus — 3SiF, -(- .dH^O = SiO^, 2H O -i- 2 
(2HF, SiF,). Dr. Adams has also oonclusively proved the vapours to contain arsenic, from the 
arsenical sulphuric acid used, most of the acid employed for manure-making being derived from 
pyrites. Without doubt, some of the arsenic is evolved as arseniuretted hydrogen, from the action 
of the acid upon the iron portions of the interior of the mixer ; but the greater part is probably 
in the form of chloride of arsenic. The proportion of the latter will be commensurate with the 
amount of chlorides decomposed in the mixing, and, estimated as arsenious acid, varies from 
, 2 to 10 oz., and even more, fpr each ton of manure made. When organic matters are added to the 

raw constituents of the manure, additional offensive vapours are generated, of very various 
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characters. When much salt is present, the production of hydrochloric acid vapour will be great. 
The odours from manure-works are carried considerable distances, extending sometimes to over 
i miles. 

Of the offensive vapours given off during mixing, some are condensed by cold, some dissolve in 
(or are decomposed by) water, and the remainder are destructible by fire. The application of these 
agents — cold, water, 
and fire • — resolves 
itself into long flues, 
water-towers or 
“ scrubbers,” and fur- 
naces, usually assisted 
by motive power, such 
as that produced by 
the draught of a tall 
chimney, or by a fan. 

In simple super- 
phosphate-making, a 
long flue seems to 
answer every purpose, 
and has been success- 
fully adopted in some 
of the largest works. 

Its object is, by cool- 
ing, to promote con- 
densation of the 
steam, and conse- 
quent deposition of 
the hydrofluosilicic 

acid, and other matters, before arrival at the chimney, by which they would otherwise escape into 
the atmosphere. In these flue deposits, is found a notable quantity of arsenic. An illustration of 
a thoroughly efiScient arrangement is given in elevation in Fig. 952. The mixer A is connected 
by a short flue a, 12 in. square, with a wooden chamber B, about 18 ft. long, and 3§-4 ft. wide 
and deep, divided at equal intervals by 
partitions 5, springing alternately from 
top and bottom. At the bottom of each 
partition thus formed, is a door c, by 
which the deposit is periodically re- 
moved. The chamber B opens into 
the top of a square brick tower 0, 
about 14 ft. 6 in. high, and 2 ft. 7 in. in 
diameter, receiving at d the vapours 
arising from the pit or den D. In the 
tower C, more silica is deposited. 

Adjoining C at the bottom, is a shorter 
tower E, with a communication between 
the two at e, about 4 ft. above the 
bottom of the former. The deposit 
accumulated in C is thus prevented 
from choking the passage, and is 
removed by a door at /. From E, the 
vapours traverse an underground flue 
F, 150 ft. long, terminating in a 
chimney. The chief deposition takes 
place in B and C, the former being 
cleaned out twice a week, and the latter once a month. Beyond the first 15 yd. of the flue, the 
deposit is scarcely appreciable, and the flue is only cleaned out once a year. At the works where 
this plan is in operation, the manure made averages 100 tons a week, about half the raw phosphate 
being bones. At another works, making 300 tons a week, and employing nearly all mineral 
phosphates, the total flue is 440 ft. long. 

A second method, adopted successfully in some works, is to condense the vapours by the direct 
application of cold water. This is effected either by a shower or cascade, or by means of a 
“ scrubber,” i. e. a tower partly filled with material over which liquid is made to fall. A most 
efScient example of the shower or cascade arrangement is shown in Fig. 953. From one end of 
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the mixer, mt opening, tha entire mdth of the mixer, and about 15 in. deep, ccunmnnicates with a 
wooden channel a, into which emerges a similar connection b from the den c. At abont 3 yd. horn 
the mixer, the channel a communicates with the upper part of a water-tower d, where the vapours 



meet with a shower. The tower is of wood, 3 ft. square, and 18 ft. high. At the top, is a tank e, 
with a perforated zinc bottom, fed by a 3-in. tap/. Within the tower, a seiies of wooden shelves 
spring alternately from opposite sides, with flanges 
to determine the flow of water towards their 
centres. At the bottom of the tower, is a cistern 
A, whence the water flows over a ridge into the 
drain i. The unabsorbed vapour is drawn off by 
a fan, and conducted into the boiler-fires of the 
works. With an abundant water-supply, nothing 
is more effective than this plan. 

The “ scrubber ” system is, however, in more 
general use. Its arrangement is shown in eleva- 
tion, plan, and vertical section, in Figs. 954, 955, 
and 956. l/eadiug from the mixers and the dens, 
are square wooden flues, terminatiug in a fim, 
which draws the vapours from the mixers and 
dens, and forces them into the condenser. This 
latter consists of a brick chamber A, standing in a 
strong leaden tray a. A range of lead-covered iron 
bars B is built into the brickwork, and supports 
the two first racks b, which are notched to receive 
the loose square wooden bars c. The racks are so 
disposed that the alternate sets of bars c are at 
right angles to each other. Upon each row of 
bars, are laid packing-pieces, to curry the next 
set of racks, and this is repeated to the top. The 
whole of these racks may be removed for cleaning, 
and replaced through the door d. At the top of 
the tower, is a perforated leaden tray e, supplied 
with water by a tap /. The water falls in a 

shower upon the intercepting bars within the . 

condenser, and passes between them to the bottom of the coorlenQ.,. -i 

a drain. The vapours from the mixers and densTn^r Se c^Sn“r n^L Te 

the bars B, by means of the wooden flue and pipe A i • and after nassimr th **“®®*1» 

y , ana, alter passing the condenser, escape 
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near the top, by a short flue k, leading to the chimney of the works. The efSeienoy of this 
arrangement seems to depend less upon the flow of water, than upon the obstruction offered to the 
passage of the vapours, affording time for the decomposition of the fluoride, and the arrest of the 
products of the decomposition ; but the water undoubtedly renders valuable assistance. The 
escaping vapours show no trace of fluorine compounds ; but stUl contain an appreciable quantity of 
arsenic. 

A still more effective form of scrubber is shown in Fig. 957. The condenser consists of three 
vertical chambers of brickwork ABC; the first contains nothing, but the second and third are 
packed in their lower portion with perforated bricks a, laid evenly, but not too closely. Above the 



three chambers, is a capacious cistern D, for supplying water to the condenser. From this cistern, 
the water flows by pipes 6 into each of the three chambers. There is an excellent arrangement for 
distributing the water, which is shown in detail in Fig. 958. The bottom of the pipe b is open, but 
capable of being closed partially or completely by means of a plate or bnttou c, which can be raised 
and lowered by a screw-rod d, worked from above, and guided into a central position at e. When 
the plate c is slightly lowered, the water, entering the pipe 6 from the tank D by the perforations 
at /, flows out in a thin sheet resembling an open umbrella, and falls down through the chambers, 
being determined by the shelves g towards the centre of the chambers ; then, passing through and 
between the perforated bricks a, escapes by the drain-pipes A. The vapours from the mixers and 
dens enter the upper part of the first chamber A by means of a 12-in. pipe i, then pass below, as 
shown by the arrow, into the second chamber B, and, after passing through the bricks, enter the 
third chamber C, above the sheet of water, with and among the spray from which they descend 
through the bricks, and escape by the flue, some 50 ft. long, which conducts them to the furnaces 
shown in Fig. 959. 

These furnaces are in duplicate, and provided with dampers at o, so that the vapours may be 
directed into either at will, on their entering from the condenser by the flue b. After passing 
through the fires c, the vapours descend by the flue d, and pass away to the chimney of the works. 
As a means of testing to what extent the vapours are deodorized, a small chimney e is provided ; by 
closing the damper placed at the floor-line in the flue d, and removing the luted cap /, the vapours 
may be smelt. This combined arrangement of condenser and fire is perfectly efficient, and when 
kept in working order, the escaping vapours give no trace of arsenic, or other deleterious substance. 

The result of these observations is to show that, in the case of manure made from ordinary 
mineral phosphates, the prevention of nuisance is efficiently ensured by affording the time, space, and 
other conditions necessary for the decomposition of the vapours, and the deposition of the condensed 
products ; but that where animal and vegetable substances are used in the manure, not only must 
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these precautions be rigidly observed, but complete success can only be obtained by passing the 
vapours through fire, to destroy their organic constituents. By the adoption of these combined 
measures, the operation of making the manure may be rendered absolutely innocuous and 
inodorous. 

There remains to deal with the odours which arise during the subsequent operations of digging- 
out and screening the manure. It has been suggested that, by leaving the manure for a much 
longer time in the den, so that the im- 959 . 

prisoned gases might have an oppor- 
tunity to condense, all smell would be 
avoided ; but this is a condition which 
would be practically impossible in 
many works, and onerous in all. The 
only practical solution of the difSculty 
seems to be by enclosing the den, and 
the apartment where the screening 
takes place, and to draw off all the 
vapours set free in these apartments, by 
means of a fan, passing them through 
a condenser and a furnace, as already 
described. 

General Considerations. — The import- 
ance of artificial manures in modern 
agriculture cannot be overrated, by far 
the greatest proportion of the vegetable 
products of all civilized countries at 
least being grown by their atd. It would be difficult to assign any distinct locality where this 
branch of chemisal manufacture is carried on. The universal distribution of the agricultural industry 
furnishes suflScient reason for this. Perhaps it is most largely conducted in the immediate neigh- 
bourhoods where the raw materials are mined or quarried, and it is safe to assume that every 
sulphuric acid manufacturer is more or less engaged in making artificial manures ; at the same 
time, there are a great number of smaller capitalists, who buy the raw materials, both mineral and 
acid, and supply local needs. The manufacture is a creation of the last 25 years, and is always 
spreeullng ; it will no doubt continue to grow until some better means is found for economizing that 
great natural fertiliser — Sewage. The sum of money invested in the manufacture must amount 
to several millions. When the manure-manufacturer does not make his own sulphuric acid, the 
capital required is very small, as compared with other manufactures. Moreover it may be conducted 
on any scale, large or small. Legislation concerning the conduct of the manufacture is in a 
transition state; but probably next session will find manure-factories under the Noxious Vapours 
Act, which is not likely, however, to impose any restriction upon the trade, save the prevention of 
nuisance, which may be easily accomplished. The commercial prices of the manufactured articles 
vary so much that it is not easy to fix upon a general figure. They are usually sold on a basis of 
containing a certain proportion of the actively fertilizing principles — the soluble phosphate of lime, 
the insoluble phosphate of lime, the potash, and the nitrogen (as ammonia), being the elements which 

enter into the estimation. The values set upon these ingredients are approximately as follows : 

Soluble phosphate in bone manures, 4s. 6d. per unit per cent. ; soluble phosphate in mineral super- 
phosphates, 4s. : precipitated phosphate, 3s. 6d. ; insoluble phosphate, as bone, or from guano, 2s. 6d. ; 
insoluble mineral phosphate, up to 7 per cent., Is. ; potash sulphate, 3s. 6d. ; ammonia, 20s. ; 
insoluble phosphate in good “dissolved bones” (when precipitated phosphate is not reckoned), 
2s. 9d. This scale is adopted by Alfred Sibson, P.C.S., of 23, St. Mary-Axe, who is well known as 
an analyst of manures and feeding-stuffs. As between manufacturer and consumer, it is probably 
the most equitable of any. It assumes that the manures are sold under the conditions usually 
prevailing in agricultural districts, the article being in dry, powdery condition, supplied in bags, 
and carriage paid, and credit being given. The two prices for bone phosphate and mineral phos- 
phate are not generally recognized by analysts ; but the justice of the plan is evident, from the 
greater cost to the manufacturer of phosphate in the form of bones, and the greater expense in their 
manipulation. Many chemists,- also, do not estimate the “ precipitated ” phosphate, or soluble 
phosphate which, by long keeping, has reverted to an insoluble condition, an occurrence frequently 
experienced, especially with bone-manures ; yet the unfairness of not admitting the distinction is 
manifest. The greatest proportion of the artificial manures sold in this country pass first through 
the hands of commission agents, before reaching the actual consumers, the farmers. 

Imports and Exports. — Our imports of bones of animals and fish for manurial purposes, in 1879 
• were : — From the Argentine Eepublic, 26,929 tons, 149,5411 ; British E. Indies, 6678 tons, 38,567?. ; 
Turkey, 5828 tons, 32,845/. ; Eussia, 5123 tons, 31,315?. ; Brazil, 3989 tons, 23,156?. ; Uruguay, 3394 
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tons, 18,794/.; Italy, 1981 tons, 11,691/.; Chili, 1877 tons, 10,458/.; other countries, 8439 tons, 
49,405/.; total, 64,238 tons, 365,772/. 

Our imports of guano in the same year were : — ^From Peru, 44,325 tons, 480,927/. ; Islands in 
the Pacific other than Fiji, 10,938 tons, 48,832/.; Bolivia, 7232 tons, 44,937/. ; Australia, 4054 tons, 
18,644/. ; W. coast of Africa, not particularly designated, 3517 tons, 45,421/. ; China, 1472 tons, 
15,500/. ; Patagonia, 1412 tons, 7498/. ; Chili,1150 tons, 13,800/. ; Uruguay, 596 tons, 4682/. ; other 
countries, 2859 tons, 24,207/. ; total, 77,015 tons, 704,448/. 

Our imports of unenumerated manures in the same year were: — From tlie United States, 
109,378 tons, 293,302/. ; Germany, 38,659 tons, 112,213/. ; France, 18,411 tons, 34,421/. ; Portugal, 
10,593 tons, 37,219/. ; Dutch W. Indies, 9144 tons, 52,501/. ; British 17. America, 8129 tons, 29,917/. ; 
Belgium, 6726 tons, 15,927/. ; British W. Indies, 5478 tons, 26,714/. ; Hayti and St. Domingo, 
2190 tons, 6747/. ; other countries, 6636 tons, 32,496/. ; total, 215,344 tons, 641,457/. 

The values of our exports of unenumerated manures in 1879 were: — To Germany, 542,860/. ; 
France, 121,300/. ; British Guiana, 79,530/. ; foreign W. Indies, 54,928/. ; Russia, 48,370/. ; Sweden 
and Norway, 45,330/. ; Denmark, 22,860/. ; Belgium, 20,865/. ; Channel Islands, 19,693/. ; Holland, 
18,850/. ; British W. Indies, 15,370/. ; Spain and Canaries, 12,188/. ; Mauritius, 10,200/. ; other 
countries, 25,716/. ; total, 1,024,832/. 

Bibliography . — J. C. Nesbit, ‘ Natural Guanos ’ (London : 1860) ; C. Morfit, ‘ Chemical Conver- 
sion of Guanos, Coprolites, and Phosphates ’ (London : 1873) ; J. J. Harris Teall, ‘ The Potton and 
Wioken Phosphatic Deposits,’ Sedgwick prize-essay for 1873 (Cambridge : 1875) ; J. Adams, 
‘ Arsenic in Vapours of Bone-Manure ’ (Edinburgh : 1876) ; J. Harris, ‘ Talks on Manures ’ (New 
York: 1878); A. Sibson, ‘ Artificial Mamues’ (London; 1878); A. Villanueva, ‘ Salitres i Guanos 
del Desierto de Atacama ’ (Santiago : 1878) ; W. Crookes, Ville’s ‘ Artificial Manures ’ (London : 
1879) ; R. H. Twigg, ‘ Sombrero Islands, and Submarine Quarrying of Phosphate of Lime,’ Soc. 
Civil and Mech. Eng. (London : 1881) ; S. Pick, ‘ Kunstlichen Diingemittel ’ (Vienna and Leipzig). 

(See Acids — Sulphuric ; Assaying ; Bones ; Cements — Glue ; Leather.) 

Iff A TCTTES (Fe., Allumeites ; Gee., ZiindholzcherC). 

The manufacture of matches for lighting purposes is principally divided into three great branches, 
comprising the ordinary wooden match or “ Incifer ” ; “ vesnvians,” which are principally used in 
the open air by smokers; and “vestas,” in which a thin wax taper is substituted for the wood. 

Splints and Splint-cutting. — The timber for match-making comes chiefly from Sweden and Canada, 
and is usually very straight-grained pine or aspen ; it is sawn into 12-ft. lengths, 3 in. thick by 11 in. 
wide, and subdivided into blocks 5 in. long, representing two matches. H the timber is worked 
up In the neighbourhood of its growth, it can be cut mto splints in the green state ; but if it has been 
dried, it must be afterwards steamed for about 20 minutes. It is then passed through the splint- 
cutting machine, which cuts the whole into splints of the required size, only the last flake of the 
wood being wasted. 

In the old method, the 5-in. blocks were cut by a vertical cutter into flakes having the exact 
thickness of a match ; a number of these were placed together, turned at right angles to the former 
cut, and divided into splints. From time to time, machines have been introduced to cut the splints 
at one operation. One of the earliest (1859) was that of F. Tillett, in which a set of reciprocating 
lances grooved the block to be cut into splints, whilst a knif e arranged at right angles sliced oflF the 
grooved portions. An improved machine of this type is used in Canada, and has been introduced 
in England by Pace and Howard. It is shown in Figs. 960 965 : a is the framing of the machine ; 
b, the driving-shaft, driven by a belt passing around pulleys on it. Fixed to b, are a crank 6' and 
a crank-disc ; e is the slicing-knife, fixed to the slide d, which works up and down in vertical guides, 
and receives its motion from the crank V. On a standard o', is jointed one end of a lever e the 
opposite end being connected by a link to d. The centre of e is attached to one end of a link p, the 
other being operated by the crank b', thereby giving the required motions to the slicing-knife. The 
slide /moves to and fro in horizontal guides, and is fastened at one end of a connecting-rod /', 
carried by the crank-pin q. In this slide, is mounted a box g, in which the lancets g' are fixed. As 
the splints are cut, they pass through an opening in the slide </, and through a spout h. Fixed to it, 
a pair of rollers A' work between guides i' fixed to i, which, at its other end, is hinged to the standard 
j. The upper side of the spout and trough are covered by an indiarubber band i", fixed to the slide 
d and standard A, through an opening by which the splints pass out of the trough and over the 
table. By these means, the splints, as they are cut, are kept in correct position, and are delivered 
on the table at the lower end of i. The block of wood A is placed upon the table, pressed towards 
the slicing-knife c by the block /, and held in position between guides n n'. 

The arrangement of the holder for the lancets, and the devices for keeping the wood in position 
whilst being cut, having been found somewhat ineflficient. Pace has devised modifications of 
these details. Figs. 962 and 966 show elevation and plan of the tool-holder, and Figs. 963, 964 
side elevation and plan of the devices for steadying the match-wood. In Figs. 960, 961, a is a 
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portion of the slide carrying the lancets b, monnted in a holder c', formed on a lever c, which 
toms upon an axis carried by the slide ; this lever c is acted upon in one direction by a spring 
to carry the lancets ont of aetion, whilst an incline e', mounted on an axis, acts reversely to carry the 
lancets into position for work ; e' is operated by a tail-piece, which strikes against the framing of 
the machine, and thereby causes the lancets to come into or out of position for work as required ; 



S65. 


while A, Figs. 963, 964, is the block of wood to be cut into splints. This last is supported on tb 
table g, and is pressed forward by the pushing-block A. The block is guided at its sides by the 
fixed guide i and adjustable guide/, and, at the top, by the holding-down lever i ; but instep of 
acting upon the holding-down lever A, by means of a locking-latch monnted on an axis of motion at 
one side of the block of wood, as in Figs. 962, 965, a much longer locking-lever I is emploved 
^ mounted on an axis I', carried by the holding-down lever k, and each end of which comes unde' 
iuclined catches m, fixed to the frame of the machine on each side of the block, and as far therefro ^ 
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as practicable. By these means, A is held firmly, and the lancets are prevented from following the 
grain of the wood, and thns made to act with precision. 

In Sweden, the splints are nsnally made from aspen, cut in logs of 12-22 in. diameter. The wood 
is worked as soon as possible after being feUed ; if seasoned, it has to be steeped in water. The logs 
are cut by a crosa-ont saw 
into pieces of 14 in., each 
containing seven lengths of 
matches, the bark being 
removed immediately after- 
wards by hand labour. 

The pieces are next 
chucked in a spear-lathe, 
making 1 5-20 rev. a minute, 
where they are reduced to 
shavings by a planing tool 
acting simiUtaueously over 
the whole length. The 
thickness of these shavings 
is equal to the required 
thickness of the matches. 

Fixed to the same rest as the planing tool, but slightly above it, are eight cutters, which divide 
the shaving into seven equal breadths, whereof each corresponds to the length of one matcli. These 
shavings are freed from knots, and cut into lengths of about 6 ft., from which the matches are pro- 
duced by a machine similar to a guillotine paper-cutter ; this operates upon two packs at once, 
each consisting of 90 shavings, and, when properly fed and making 120 strokes a minute, cuts 
matches at the rate of a million to each working hour. 

At this stage, the Swedish splints are dried by being passed through two wire-gauze cylinders, 
about 10 ft. in length and 30 in. diameter, making 30 rev. a minute, and placed one above the 
other within a brick stove heated by chips and waste. The dried slips are next freed from splinters 
by being placed on a grid, with openings of suitable width to effect the separation. This grid 
receives a rapid vibratory motion, in a direction across its openings, by a crank-shaft. Its surface 
is partitioned, by strips of zinc in the same direction, into compartments a little wider than the 
length of a match ; so that the slips are not only freed from splinters by rubbing against each other 
and against the bars of the grid, but are also laid parallel in these compartments. 

Filling and Dipping.— The splints are then collected into bundles and dried, which takes a 
longer or shorter time, according to the state of the atmosphere. The next process is to place 
them in the dipping-frames ; the bundles are packed and looked over for “ flakes ” — imperfect 
splints, which would interfere with the action of the machine, and must be removed. The general 
plan was to dip the bundles (before arranging them in the frame) into parafiiu. The objectionable 
feature is that each match does not receive its fair share of paraffin ; this is in a great measure 
obviated by dipping in the frame, or by applying a hot plate to the end of the bundle, which dries the 
tops of the splints, and enables them to absorb the paraffin with rapidity. Both plans are in use. 

The dipping-frame consists of wooden laths, 1 in. by i in. section, and 28 in. long, having 
a hole at each end, and moving freely upon two round iron bars fixed in a somewhat stronger lath. 
Between each two of these laths, 50 splints are ranged, equidistant from each other, and projecting 
equally beyond the surface of the frame. This is done by means of a filling-machine, consisting 
mainly of a cast-iron table, fitted with 50 parallel grooves, of a depth equal to the intended pro- 
jection of the cuttings beyond the surface of the frame. 

Filling-machines are commonly worked by hand, the frame being held in front, the box 
containing the splints being shaken by hand, whilst the wires which project the splints from the 
grooves into the filling-frame are worked by levers from a treadle. Fig. 967 represents a plan of an 
ordinary filling-machine, with certain additions devised by L. Mount, for enabling a number of 
machines to be operated simultaneously. Here one machine only is in work, but the Fig. indicates 
the method in which the two machines, back to back, are driven from the same shaft g ; and Fig. 968 
shows the manner in which the bevelled slide is drawn backwards and forwards, and the length of 
stroke given by the movement to the stud and roller, and consequently the connecting-rod, by the 
rotation of the cam ; a is the connecting-rod, secured to the slide b, which is bevelled at its ends c, and 
works in V'gi'ooves in the cast-iron piece d, screwed to the frame of the machine e. The connecting- 
rod a is secured to the slide b by being passed between two tongue-pieces/ and a bolt. It is made in 
two parts, fastened together by a strip of metal, and is slotted as in Fig. 968, so that it slides easily 
over the shaft g. Its outer end, shaped in a turned rod, works in the bearings A. The connecting-rod 
is provided with a stud i, encircled by a friction-roller ) ; k is the cam, with a groove I on its face. 
It is carried round on the shaft y by a key m, entering a similar sized cavity in the inner periphery 
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of the cam, large enough to allow the cam being operated by the hand-lever n, pivoted at o, so as 
to slide along the shaft and out of the way of the friction-roller j; pis the fork, entering a groove 
in the boss q of the cam, and connected with the hand-lever ; r are the bearings, placed between 
the backs of two machines, and on which the shaft g is supported ; s is a bevel-wheel, in gear 



with a pinion t on the shaft TJ ; there are bearings to support this shaft ; w is a boss, set eccentric on 
the shaft TJ, and which, by means of the fixings and attachments d, gives a rapid to and fro motion 
to the hopper a' containing the splints. This has the effect of shaking them down into the grooves b' 
made in the bed-plate form- ’ 

ing the bottom of the box 
a ’ ; c' are the vertical plates, 
through which the splints 
issuing from the machine are 
separately pushed by the 
wires d' into the grooves of 
the dipping-frame This 
frame e’ is set upon the 
ascending and descending 
frame, which is controlled in 
its working by a counter- 
balance weight. The frame e' 

^s prevented from being 
pulled up by the weight by means of the counterbalance catches g'. Motion is imparted to the shaft 
w by means of a belt from a main shaft. This communicates motion through the pinion t to the 
bevel-wheel S and shaft g ; which latter, by means of its fixed key m, carries around the cam i the 
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hand-lever n having first been moved so as to allow the groove of the cam to admit the friction- 
roller j. The motion is imparted thereto and to the connecting-rod a and slide b, which last 
is pushed backwards and forwards ; the wires d', entering the grooves 5' of the bed-plate, push out 
the splints, which are caused to fall by the shaking or to-and-fro motion imparted to the hopper, 
between the plates c’ and on to the fold of the dipping-frame; another grooved fold is then 
put on the same, and the operation is continued until the dipping-frame is filled, when it is 
taken away and a fresh one is supplied. The rotation of the shaft « carries with it the fixed 
eccentric boss w ; this is connected with the jawed connecting-rod x, and this latter to the bar x’. 
The motion is imparted from this to the pieces y, and to the hopper. The lower of these pieces 
is fixed to the rod x', and the upper one is attached to the iron band x" of the hopper. They are 
held together, when required, by means of the drop pivoted bit y", worked by the rod z. An additional 
groove is formed at either end of the bed-plate, so that if more than the proper number of splints 
should fall into the grooves b', they will be kept from being pushed out of the box, and thus 
overcrowding the dipping-frame and wearing out the brush. The shafts g u aTid the rod X’ 
can be continued or lengthened, so as to accommodate and work any convenient number of 
machines. 

The filled frames are conveyed away to be dipped. They are placed on a flat table, and 
levelled by taps upon a piece of board. Matches were formerly all tipped with sulphur to convey 
the flame ; but this is now done only when, for economy’s sake, the sweepings of the factory are 
re-dipped, and these are sold as inferior goods. If not already paraffined, first one side and then 
the other is immersed and withdrawn from the paraffin-bath ; they are then passed on to the 
dipping-room. The apparatus here consists of a steam-jacketed iron pan, containing the igniting 
composition, and a hollow iron table, also kept hot by steam, upon which a sufficient quantity of 
the composition is from time to time ladled to supply the requirements of the work ; this is spread 
in the necessary thickness, and to cover a space somewhat larger than the dipping-frame. The 
splints projecting from one side of the frame are applied to the composition for a moment, and, in 
the case of common matches, are removed, reversed, and applied at once to the other side ; but with 
good matches, after one side is dipped, the frame is suspended, and dipped end downwards for 
some 15-20 minutes, being slid between light iron supports provided for this purpose at the sides 



of the dipping-room ; the composition thus assumes a more sightly form, and the top of the match 
is well rounded, the other side of the splint being completed in precisely the same way when the 
first is dry. 

The matches are finished by being removed in the frames to a drying-room, where, after 
remaining for a short time, they are ready for cutting and packing into boxes. 

The matches, when dry, are laid in heaps, cut down, and put into boxes by the handful. The 
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boxes, when filled, are placed in frames called “ ducks,” holding three to four gross, and passed 
throngh iron doors into the packing-room, where they are put into packages, glued np, and 
labelled. 

It has been supposed to be advantageous to point the ends of splints before dipping, and to 
effect this economically. Pace has devised the machine shown in Figs. 969 to 976. In manu- 
facturing pointed splints, he first sorts them, so as to get rid of all short or otherwise imperfect 
ones. For this purpose, machinery such as that represented in end view Fig. 973, vertical section 
Fig. 975, plan Fig. 969, and side view Fig. 976, is employed. The splints are placed in a 
reciprocating box a, provided with projections, working on guide-bars 6. The box a is prevented 


971 . 973 . 974 . 



rising from 6, by guide s, fixed to standards c, carried by the table d of the machine, and adjusted side- 
ways by guides a". The box a is provided with divisions, and the bottom is formed by a fixed 
plate e, provided with grooves e' to receive the splints. A series of wires and rods / mounted on a 
rod / act in combination to push the splints out in a manner similar to the filling-machine 
Fig. 967. An arm A' has on its end a roller C’, running in the groove of a cam g, provided with 
axes working in bearings fixed to a bracket. This cam receives motion by means of a belt 
passing partly around a grooved pulley on one end of g, and partly around a grooved wheel A on 
the driving-shaft. By these means, an endwise reciprocating motion is given to the box a in 
order to agitate the splints. The rod/, with the pushing- wires, is carried by brackets fixed to a 
V table I, which has a reciprocating motion derived from a lever,/ mounted on the frame, and provided 
with a pulley, working in the groove of a cam A' fixed on the driving-axis. The grooves e (Fio- 974^ 
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extend a short distance beyond the front of a, and, at their ends, the bottoms are removed, and 
replaced by short pins e’, oecnpying only a portion of the width. In connection with e, are sliding 
supports. Pigs. 971, 972, 975, consisting of straight wires k and bent wires k', the latter turned at their 
points, so that these partially cross the spaces between the wires k. Both i and i are fixed in a bar i, 
joined to the slides, which move to and fro in grooves, formed in the table d ; they are forced 


»J5. 



in the one direction by weights ar, and in the other, by pushers t , which also, act upon projecting 
plates i" fixed to the slides. Thus the reciprocating supports i i', the traveUing bed i, and the 
pushers / travel together in the one direction until the traveUing supports O' arrive at the box a, 
when the travelling bed i and pushers/ continue their motion a short distance, and the motion 
of the travelling supports i A' is stopped for a time ; then, on the return journey of the pushers 
/, the latter travel for a short distance alone ; and finally, the pushers and the travelling supports 
A A' move together for the remainder of the distance. 


916. 



As the splints are pushed out from e, and faU on to a brush I descends, and brushes aside 
the faulty splints. This brush is fixed to a lever I', mounted on to a fixed axis. The tail of 
the lever /' is acted upon by a projection, fixed on the travelling bed i, so that, as the projection 
approaches the box a, it acts upon the tail-piece and raises the brush I to permit the required 
motion of the sliding supports A k' to ensure the proper drawing off of the selected splints. These 
drawing-oflf rollers are covered with indiarubber, mounted in bearings, and rotated by a strap 
from an intermediate wheel, motion being communicated from one roller to the other by toothed- 
wheels. Thus any short or faulty splints will fall down, whilst the good splints will remain 
supported by e' and AA' ■, in the return motion of the travelling bed i, the splints will be taken 
by the delivery-roUers. 

The splints, sorted in this manner, are fed into a box m forming part of the pointing-machine, 
a plan of which is represented, with the pointing-rollers removed, in Fig. 977, a front view in 
Fig. 979, and an end view in Fig. 978. ’ Fig. 982 is a vertical section of parts on the line A B of 
Fig. 977. The bottom of the box m is formed by a fixed grooved plate, and is provided with V pieces 
m\ sliding in guides ; to these pieces, is fixed a cross-bar, having at its centre a roller which works 
within the groove of a cam M, mounted on a cross-shaft turned by a strap, which passes partly 
around a groove formed on the boss of the cam M, and partly round a pulley fixed on the driving- 
shaft The splints are placed in the box in a vertical position, and are pressed towards the bottom by 
wires, which work in slots formed in the sides of the box m, and are acted upon by springs. The 
splints are, by means of wires, carried by a reciprocating-bar, pushed from beneath the box along 
continuations of the grooves, and in their course from beneath the box m, are first acted upon by 

4 N 2 









MATCHES. 


1285 


qiring-pistons B, Fig. 981, to retain them in the grooves, and then, before they have left these 

pistons E, pressure is applied to them for a similar purpose by a series of springs carried by a 

fixed bar. The spring-pistons also prevent more than one splint passing from a groove at each 



action of the wires. The bar o is fixed to the lower ends of rods, which, at their other ends, are 
fixed to a cross-bar O', whose ends work within channels formed in the frame of the machine. This 
cross-bar is connected with levers O, fixed on a shaft, which bears a toothed-wheel o', receiving 
motion from a toothed segment formed on a lever, whose 
bearing is connected with a second lever, provided at its 
end with a roller p, resting on the periphery of a cam 
p". This cam p" is fixed to the arms of a wheel on one 
end of the main driving-shaft q. A weight hanging 
from one end of a cord passes over a pulley, is con- 
nected at its other end with the cross-bar O', which it 
raises, at the same time keeping the roller up to its 
cam p". 

In the further descent of the splints, they fall be- 
tween reciprocating rubbers, and are correctly adjusted 
by a catch-plate, which is simultaneously pushed for- 
ward to receive the lower ends of the splints. The 
rubbers are fixed in frames r s', which slide a short 
distance away from the splints, so as to leave a free 
space for their descent. The frame r is acted upon at 
each end by cams s" on the main shaft, to remove the 
rubbers from the splints, and by springs to press them 
inwards. 

From one end of the frame r, projects a stud, pro- 
vided with a roller, working in the groove of a cam s", 
and the frames r' s' have toothed racks taking into the 
teeth of a pinion « ; thus as motion in the one direction 
is given to the second frame r', a similar motion, but 
in the contrary direction, is given to the second frame s', 
and consequently the splints held between the rubbers r s 
are rotated first in one direction and then in the other. 

During the rotation of the splints, their ends are 
acted upon by pointing-rollers r, provided with cutting 
surfaces. The axes of these rollers are mounted in 
frames v', and on axes to which motion is given by a 
strap V", passing partly around a wheel fixed on the 
shaft n. These pointing-rollers v are removed from 
contact with the splints by means of cams, acting 
upon adjusting-screws, carried by the frames V' ; and 
the pointing-rollers are taken into position by the 
weight p', acting through a lever, carrying a tension- 
roller upon the band V". A blade w is mounted in the 
firame r, in order to cut the double splints nearly into two. To facilitate the discharge of the 
pointed splints from the machine, a wiper x, consisting of a strip of indiarubber mounted between 
the two halves of a shaft, is employed to act upon the splints. 
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Machinery is much more employed in this manufacture in the United States than in Europe^ 
and, with the exception of splint-cutters and common filling-machines, most of that here described ia 
due to American ingenuity. Figs. 983, 984, 985, show McC. Young’s cutting- and filling-machines. 



The main frame A is made very strongly of cast-iron. In bearings B is hung the shaft C, and on 
it are arranged a series of cams and cranks. On the top of the main ftame A is secured the 
secondary frame D, set obliquely. To the main frame, is joined a feeding-trough E, in which are 



two gnideways a a, for containing the blocks of wood from which the match-splints are to be cut. 
Behind, is a feeder b, to which is attached a cord, passing over a pulley, and having upon its end 
a falling weight e, by which the blocks are fed up to the splint-cutters. A spring/ is arranged to 
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press upon the foremost of the series of blocks, to prevent them from slipping back when the 
feeder g is out of the wood, and recedes to take a new hold. The weights e move the blocks up 
to the real feeder g, and the latter forces the blocks along to the cutters. The two toothed feeders 
g are arranged side by side, so that each one feeds up its own line of blocks. A lever F is pivoted 
to the main frame at h, and, upon its lower end, is a friction-roller that runs in an undercut cam- 
groove G on the cam-shaft C, so that F has a positive motion in both directions. To this lever F, 
are attached, by a cross-arm, arms to which is pivoted the rear of the frame H that carries the 
feeding-points g ; by this arrangement, the forward and backward feed-motions are attained. 
Another lever I, pivoted to the main frame at i, has upon its lower end a friction-roller, running 
in an undercut cam-groove K on the cam-shaft C, by which it also receives a positive vibratory 
motion. On the lever I, is a crank-arm, to pivot pinsy, in which the lower ends, of connecting- 
straps L are attached, the upper ends of these straps being pivoted at k to the frame H, which 
carries the feeding-points g ; by this mechanism, the feeding-points receive their upward and 
downward motions. An adjusting-screw at I regulates the backward movement of the frame H, and 
consequently the length of the feed. The spring m holds the frame H to its bearings. 

On the end of the shaft 0 is a crank-wheel M, to a wrist in which is joined the pitman N, whose 
upper end is attached to the vertically reciprocating firame O, carrying the series of knives o o and 
o' o'. The cutters and the knife-frame are set obliquely to the line in which the blocks are fed, both 
sets cutting and moving at the same time. Above o o', are guides c, partially open, to allow small 
slivers of wood to pass out, and thus prevent clogging ; above these guides c, is a guide-plate with 
countersunk openings, by which the splints are guided into the holes of the moving plates p, and 
carried out of the machine. The points d hold the wood to form the splints, and allow the cutters 
to go clear through, and entirely sever the splints &om the blocks, these points entering slightly 
into the cutters for that purpose. 

The cutters o o' are made upon the ends of small steel bars ; each of these has a seat in the 
knife-stock, into which they are slipped from the rear of the machine. They are held in exact 
position in relation to each other, and to the blocks of wood they are to act upon, by pins r passing 
through them into the stock ; they can therefore be drawn out or replaced with great accuracy. 
The stock P is made adjustable on the gate O by a slot and set-screw as at s ; to hold it in position, 
steel pins f pass through the stock and into the gate. At times it may be necessary to redrill and 
enlarge the holes and the pins t, when the stock, by wear, has to be moved up any material distance ; 
for this purpose, these parts are so made as to be readily reached. 

In a plate Q attached to the main frame, is a cam-slot «, in which runs a roller on the end of the 
lever E; this lever is pivoted to the gate at v, and is vibrated by the slot. To the upper end of E, 
is pivoted the sliding keeper-plate w, which, when the splints are in the cutters, guides, or carriers, 
aud are being carried up to be stuck in the plates P, moves underneath and forms a support for 
them, forcing them into the plates P. In ways x in the carriage-frame D, the two plates p are moved 
by feeding-fingers S, which take into the holes in these plates, and so push them along in exact 
time to receive the match-splints as they are brought up to it. These fingers S are loosely arranged 
upon a shaft with washers y between them ; this shaft is hung in a rocking-box T, by screw-points 
J, diametrically opposite to each other, and at each end of the shaft, so that the shaft and the 
fingers may be adjusted with precision, as the holes in the plates p must be exactly over the splints, 
and at the exact time to receive them, the machine being run at a very high speed. The box T is 
rocked from the gate O by means of the connecting-rod U and arm V. The plates p are connected 
together, fed along in an endless series, aud separated after they come out filled with match-splints 
for convenient handling. On the frame D, is placed a rigid presser-bar W, bearing upon the plates 
p near the points where they are receiving the splints ; and near the end of the frame D, is a yielding 
presser-bar X, for holding the plates to the ways, and against accidental movement. 

The set-screws n are for defining the extent to which the feeding-points g shall enter the wood, 
and to compensate for their wearing away. At Y, is a wind-trunk, through which an exhaust-current 
of air is drawn by a fan, to clear the machine of all small slivers of wood aud other material that 
would tend to clog it. 

For the purpose of expelling the splints from the perforated plates after dipping, McO. Young 
employs the machine shown in Figs. 9S6 (end view), 988 (plan), and 987 (detail of framing) ; A is the 
framing ; B in a sliding block carrying punches C, passing through a perforated guide-plate F ; D 
eccentrics on a shaft E for moving the block B to and fro. The shaft has a partial turn given to it by 
a long lever-arm whenever B is to be moved. G is one of the plates holding the finished matches ; it 
is slid into grooves in top and bottom cross-bars A', forming part of the fiame, and is so brought into 
position in front of the set of punches. As the plate is slid forwards along the grooves. Fig. 986, 
it moves freely past a stop H, until its forward end comes against a stop I. The stop H is then, 
by a spring, caused to turn in behind the rear end of the plate, and prevent it from moving back. 
When thus held, the holes in G are opposite to the punches. 

It requires considerable pressure to simultaneously expel all the matches from a plate, and to 
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support it against the acti^ of the punches. Thin metallic bars K are used, raised or lowered by 
turning the weighted lever L, Fig. 987, and held in either position by the weight. M are stops. 
Whilst the plate is being placed in front of the punches, the bars K are in their lowest position. 
The bars are then raised, one edge of each coming against the plate, and the other against parts of 
the frame. The block carrying the punches is advanced, and the matches are expelled, and 
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received into a box. To allow the plate to 
be moved forward, the ]stop I mnst be turned 
aside ; the stops I H therefore turn on pins O, 
and have lever-handles P, by which they can 
be moved by band ; they are also acted on by 
a spring Q, to bring the stop into position. 

An ingenious machine for filling splints, 
devised by E. B. Beecher, of Connecticut, is 
shown in Figs. 989 (plan), 990 (longitudinal 
section), 991 (side elevation), and 992-994 
(details). The frame a rests upon a bed-plate, 
to which the legs of the frame are festened. On the main driving-shaft i, are fast and loose 
driving-pulleys, and a toothed-wheel which gears it to a counter-shaft o, surrounded between its 
bearings by a sleeve cf, attached to the vibratable frame d, which swings thereon as its axis, 
irrespective of the rotation of the shaft. The splint-frame mandrel x rotates in a long pipe-bearing 
x', attached to the end of the frame d that hangs over 958 

fhe mechanism for setting the splints. Upon this 
mandrel, is placed the drum /, upon which the splints 
are framed, this being slipped upon the mandrel at 
the end and held so as to rotate with it, and be 
readily removed. 

To compensate for the increasing size of the frame, 
and to maintain a constant tension on the binding- 
tape, the frame-drum mandrel is driven by a rapidly- 
revolving friction surface on the mandrel-pulley y, its 
tension being regulated by the adjustable tightening- 
pulley y'. The frame-drum should be about 3 in. in 
diam., and for two-length splints about 3 in. wide. 

The binding-tape A is of cotton-webbing, about 
the thickness of the splints, some 2J in. wide, and 
attached at one end to the frame-drum by wind- 
ing a coil around the same. The other end of 
the tape is placed in a coil upon a journal, from 
which as it uncoils it passes through the guide s 
to a holding mechanism, consisting of an endless band A, which is mounted on drums and a 
weighted pressure-roller A'. The coil of secondary tape B is located in a plane above the lower belt, 
and carried through a g^ide to the winding-drum. The main tape passes from A upwards, 
partially around a guide-roller, and thence to the frame-drum /. The guide-roller turns loosely 
on the shaft i between two setting-wheels F, constructed with notches the thickness of a splint 
apart, to take the splints one by one from the count-wheels, at a point above the binding-tape, as it 
passes over the guide-roller, to carry in the splints regularly between the binding-tape going in to 
the frame and the preceding coil, the splints being lifted out of the notches of the setting-wheel by 
the binding-tape ; the auxiliary tape is at the same time drawn in over the latter. By this arrange- 
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ment, the splints lie between two thicknesses of taping, the order being : (1) the mauTbelt, (2) the 
splints, (3) the anxiliary belt, (4) the main belt, and so on. 

The frame, having been completed, may be removed from the machine, and treated in the 
ordinary manner. When it is desired to unroll the frame, the upper tape should first be unwound, 
one turn, for the purpose of changing the relative position of the belts, so that in unwinding them 
the matches will lie between 
them. The splint-setting 
wheels are rotated by a 
toothed-wheel J on the end 
of the shaft i, which gears 
into and is driven by a 
toothed-wheel on the shaft 

j, actuating the holding and 
feeding mechanism of the 
binder - tape, so that the 
setting-wheels and feed-me- 
chanism move simultane- 
ously. 

The driving-drum which 
moves the endless belt h is 
fast to the shaft j, and the 
loose drum runs on a bearing 
in the middle of the tie-rod 

k, which is fast at both ends 
to the sides of the machine 
frame. The pressure-roller 
A' runs loose on a fixed axis 

l, fast to a frame which 
swings on bearings on the tie- 
rod at each side of the loose 
drum, and is connected with 
a heavy weight i' by links. 

A rotating wire-brush 
cylinder, covered with card- 
teeth inclined backwards, is 
placed over the receiving- 
cylinder D, as close to it as possible, and is rapidly rotated in the direction of the arrow. 
Fig. 990, for the purpose of sweeping from the surface of the cylinder those splints which are not 
taken into the grooves. There are also curved guides placed over the receiving-cylinder and count- 
wheels E, and running up in front of the setting-wheels F, for the purpose of keeping the splints 
in the grooves and notches of these devices. The hopper c, which is of suitable width for the splints, 
is wider than the receiving-wheel, the excess width being equally apportioned at both ends of the 
receiving-cylinder, so that the splints, when taken into the grooves of the receiving-cylinder, project 
equally from both ends of the same, in order that the count-wheels may lift them by their projectun' 
ends, and transfer them to the setting-wheels. ” 

A pair of stationary cams m, fast at one end to the tie-rod n, come up close to the sides of the 
setting-wheels, and extend forward with a curve into the groove of the count-wheels. These cams 
assist in the transfer of the splints from the count-wheels to the setting-wheels, by liftino- them from 
the former at the point of transfer. 

Motion is communicated to the machine from the fly-wheel on the main shaft by a band o, run- 
ning on a grooved rest-pulley fast to the wire-brush shaft, and which, by a groove of larger diameter 
drives a cross-band p ; the latter turns a grooved pulley fast to the shaft q, which rotates in bearings 
on the under side of the frame of the machine. On this shaft, is a pinion gearing with a carrier- 
toothed-wheel r, running on a stud-pin at the side of the frame, and carrying with h a pinion which 
drives a second toothed-wheel, with a pinion s, which gears with the wheel t fast to the receiving- 
wheel shaft, and also with u on the count-wheel shaft. 

The wheels on the receiving-cylinder and count-wheel shafts, being both driven by the same 
pinion s, must bear the same proportion to each other, as the number of opposite pairs of teeth in 
the count-wheels do to the number of splint-grooves in the receiving-cylinder. Figs. 992-994 show 
on a larger scale the connecting and disconnecting mechanism ; e, Fig. 993, are recesses in the count- 
wheel E, which receive the splints from the cylinder, and convey them to the setting-wheels- e' 
is one of a series of bent levers pivoted at its angle to studs projecting from the face of one of 
the count-wheels ; a bent end of this lever extends into the recess of the count-wheels, and 
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faniiahes a bearing for the match-splint ; the long arm of the lever extends inwards toward the 
axis of the wheel. At e", is seen a block seonred to the count-wheel in such a manner as to revolve 
with it, and which is provided with radial recesses. Fig. 992 ; r' is a shuttle lying in this, and able 
to move in a longitudinal direction to a limited extent ; o"is a ring by means of which the shuttles 
o' are seetrrely fastened in their proper position ; to represents a cam arranged over the count-wheel. 

By the fixed cam-piece 6 , the shuttle-pieces are moved in one direction. The shaft H is sup- 
ported in bearings, and provided at one end with a pinion z, whose teeth engage successively with 
the projecting ends of the shuttles when the latter are thrust out of the casting. On the other end 
of this shaft, is the check-wheel. 

The count-wheels receive in the recesses e the splints from the cylinder D. As these pass 
beneath the cam to, the short arm of the lever «' is depressed, and the long arm is moved, causing the 
shuttle to slide outward. The latter thus projects into the plane of movement of the pinion z, and 
serves as a cog to give it movement for a determined distance, by which the setting-wheels are 
moved through the intermediate connecting mechanism to a corresponding extent. If, however, a 
splint is wanting, the lever e' is not actuated, and no tooth is presented to engage with the spur- 
wheel. As the latter remains stationary, the setting-wheels of the winding-band will not be moved, 
and consequently no vacant spaces are left in the frame. 

The shuttles, after being thrown out to engage with the spur-wheel, are returned to their former 
position by the action of the cam G, against which they are carried by the continued revolution of 
the wheel. The check-wheel I, Fig. 992, the end of shaft H of the spur-wheel z, is a disc, having 
its periphery provided with a series of inclined planes overhanging upon one side. The check-wheel I 
engages with a wheel K, which actuates the mechanism for holding and feeding the main tape. 
J is provided with a series of pins j", which lie in the plane of the movement of the check-wheel I, 
the construction being such that this wheel J can only revolve as its pins are successively driven 
or released by the revolution of the wheel I. With these parts so constructed, all the movements 
of the spur-wheel will be positively communicated by the check-wheel to the setting and framing 
mechanism ; but the force applied to turn the frame-drum cannot be exerted through the connecting- 
mechanism to turn the check-wheel, when the latter is stationary. The shaft of the check-wheel 
should be set at such an angle, that its inclined planes will engage with the pins of the gear-wheel 
at one point only. The hopper 
c_i 8 pivoted in front to a seat 
upon the tie-rod f, to which it is 
confined, so as to vibrate freely 
by the screw-pin m'; it is also 
supported behind near the top 
by being jointed to a long elastic 
rod fast at the lower end of 
the tie-rod. A shaking motion is 
given to the hopper by the bell- 
crank T, connected by a link 
N with the lever, and playing 
between the pins projecting 
from the bottom of the hopper. 

After being dipped, the 
' splints have to be unwound, and 
cut at the middle. This is 
effected in the machine shown 
in Figs. 995-997 : A is the frame 
of the machine; a, a shaft on 
which the coil of matches is 
placed _to be unwoimd ; 5, an 
arm carrying a; c, a tension- 
pulley operated by the strap d 
and weight d' ; e f, shafts on 
which the webs of the coU are 
wound; g, a treadle; A, a pulley connected with it, and serving for tightening the driving-belt; A, 
endless bands ; /, guiding-discs covered with indiambber; m, a revolving cutter, fitted between two 
blocks, and working above similar blocks m', which are provided at o with some soft material for the 
knife to work on ; n wires for keeping the matches in place. The circular bundle, consisting of matches 
held between webs, is placed on the shaft a, and the operator, taking the ends of the bauds of the 
coil, places one of them round the shaft e, and another round /, The machine being set in motion by 
depressing the lever and so causing the pulley A to press against the driving-strap 7 , and tighten 
it, the web is unwound from the coil, and wound upon the slmfts, leaving the matches between the 
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endless bands k, which carry them between two revolving discs, and forwwd under the 
which divides them in the centre. The discs present the splints to the ^ 

to ensure their being divided into equal lengths, and durmg this operation, 

out of place, by two wires n, and are finally delivered into a trough, ^ P number say 

Vestas . — In making wax vestas, the first process is the coating of t ‘ 

20, of strands or wicH composed of 15-20 threads each, are led 

ground through guides arranged overhead, down into an oval steam-jacketed p , , . ■ ^ 

composition, underneath a presser arranged in the centre of a pan. and t roug ^ P ^ 

with^ loles of the required gauge of the match-body ; thence it is led some 
5-6 ft. in diameter, and then to a similar drum on the opposite side of t , 

repeatedly passed through the paraffin, wooden guides being arranged to 

ever neceLiry. The distance traversed after the cotton has passed through the bath made ^ 
long as possible, since the composition neither dries so readily, nor adheres so uniformly to t e 
sias^ theafter-dipping. It is passed and repassed a^utsix times through the b^th ®td fte 
wax coating is of sufficient thickness, and just passes the holes in the gauge-plates. Consi 
care is necessary to ensure evenness in the first coaHng, and to watch against broken tbr^ds 

The drum has a metallic plate on one part of its circumference, and here the wax taper is cut 
into lengths of the circumference of the drum, is tied in bundles, and is earned to the table 
having partitions to hold each bundle of lengths. The lengths are pressed agamst a gauge, and 
cut up hy means of a knife working on a pivot. The match-bodies so cut off are carefully tran 
ferred to shallow zinc frames, constructed of the required depth, and made with a lid which is slid 
down when the frame is filled ; they are then carried to a filling-machine simile to that shown m 
Fi" 967, but of a smaller size, and usually worked by hand. Here they are filled into 
frames in the same way as ordinary matches, the machine having its hopper armnpd to suit the 
size of the bodies. Wax matches can be dipped in the same way as those of wood ; but some years 
since S. A. Bell devised a machine in which frames are attached to two chains running on^ 
either aide of guides. Between each, a fiannel roller revolves in a pan of liquid comjwsition. The' 
frames with the splints arranged downwards mn over this roller, and the composition « hereby 
added to the bodies with considerable regularity and dispatch. The machine wUl dip 3500-4000 
frames a day, and since each frame holds about 4500 splints, it will dip about 18,000,000 sphnts m 
that time. The drying is effected, when practicable, in the open air, the frames standing together 
in twos or fours. At other times, the splints are dried by hot air, distributed by means of revolving 
fans, in rooms set apart for the purpose. After drying, they are sorted and packed in boxes of 

various size, pattern, and capacity. , , ,. 

Vesuvians. The “ vesuvians ” principally used as lights by smokers, have rounded splints, made 

ftom alder, or some simUarly hard wood, the object being to prevent the ignition of the wood, and 
consequent dropping of the burning composition. The more expensive kinds are made on glass 
bodies, consisting of glass piping of smaU section (see Glass, p. 1072), which is chiefly procured from 
Italy, and should yield some 1200 splints to the lb. J. W. Hunt and Co., of London, have an 
ingenious method of retaining the composition by means of a piece of wire, abSut ^ in. long, inserted 
by hand into the end of each splint ; it answers the purpose effectually. The vesuvian-splints are 
placed by hand into the dipping-frames, dipped twice or three times into the bnrning-compoBition, 
until the head is of sufficient size, and then finally dipped into the igniting-composition, in the 
„aTnA way as an ordinary match, an interval being allowed between the operations for drying. 

CWposiions.— Iguiting-compositions are generally manufactured of some form of phosphorus 
mixed with oxidizing agents, with which it will readily inflame by friction. Such are saltpetre, 
chlorate of potash, and red-lead; these are mixed up with glue, which causes them to adhere to 
each other and to the wooden splints. Most makers have a particular mixture of their own; the 
following practical recipes may be taken as fairly representative, the first being the best (1) i part 
hy weight phosphorus, 4 chlorate of potash, 2 glne, 1 whiting, 4 finely-powdered glass, 11 water; 
(2) 2 parts by weight phosphorus, 5 chlorate of potash, 3 glne, 1^ red-lead, 12 water. 

The Germans replace the chlorate either by nitrate of potash or nitrate of lead, together with 
red-lead hence their matches strike silently, without the short detonation peculiar to English goods. 

The match composition is colonred either with a coal-tar colour, ultramarine blue, Prussian blue, 
or vermilion. In preparing the composition, the glne and the nitre or chlorate of potash are dis- 
solved in hot water, the phosphorus is then added, and carefully stirred in until intimately 
mixed, the whole being kept at a temperature of about 38° (100^ F.). The fine sand and colouring 
matted are then added, and the mixture is complete. 

Dipping-composition for safety-matghes consists of 1 part by weight chlorate of potash, 2 glne, 
1 sulphide of antimony, 12 water. For the rubber on the box, 2 parts of amorphous phosphorus and 
1 of powdered glass are mixed with the solution of glue, and painted on the box. 

Vestas are tipped with similar ingredients, but the taper being less rigid than wood, a larger 
proportion of phosphorus is added. 
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The heads of vesnvians ate made tip principally with powdered charcoal and saltpetre in some 
such proportions as those in the following : — 18 parts saltpetre, 19 charcoal, 7 powdered glass, 5 or 
6 gum arable or gedder ; to these, are added a little scent, in the form of satin-wood, lignum ritSB 
dust, cascarilla-bark, or gum benzoin, which render them fragrant when burning. The igniting- 
composition is identical with that for ordinary matches. 

The production of matches is so enormous that it cannot be estimated, some idea of its magni- 
tude may be gained from the fact that many large firms, such as Bell & Black, Hunt & Co., and 
Anthony Brisker & Co., of London, turn out daily upwards of 80,000,000, the first-named firm 
frequently producing this quantity of wax vestas alone per diem. 

(See Explosives ; ParafSn ; Timber.) E. S. 

MORDANTS (Fn., Mordants-, Geb., Beizen). 

In dyeing and tissue-printing, a very important part is played by “ mordants.” If we examine 
the action of colouring matters upon organic fibres and tissues, we find that they may be divided 
into two great classes. One group— the so-called substantive colours — are capable of attaching 
themselves at once to the article to be dyed, on simple Immersion or steeping. Thus, if a piece of 
clean white silk or wool, or the human skin, be moistened with a solution of magenta, or, in fact, 
with the majority of the aniline colours, it is permanently dyed, and cannot be rendered white 
again by mere rinsing in water. The other group of tinctorial matters, which, till lately, at 
least, were by far the more numerous, have received the name of adjective colours. If yarn or cloth 
be steeped in solutions of these bodies, it may when taken out seem dyed ; but on squeezing or 
wringing, and still more on washing in pure water, the colour is entirely removed, leaviug the cloth 
merely somewhat soiled. It is true the distinction between these two classes is not absolute ; many 
dyes which are substantive upon animal fibre prove merely adjective when applied to cotton or linen. 
Still, the classification, though not scientifically correct, is practically useful, and, as such, may be 
retained. 

In order to cause the adjective colours to attach themselves to the fibre, so as to yield a full, 
thoroughly-dyed shade of a reasonable degree of permanence, recourse is had to the intervention of 
some third body, which is called a “ mordant,” and which enables the colour and the tissues to com- 
bine. Even in the case of substantive colours, mordants are very frequently called into requisition, 
because they brighten and modify the shade which would he obtained if the colour alone were 
employed. 

One and the same colouring matter, if employed with different mordants, may give totally 
different shades — a fact which comes into great prominence in the so-called “ madder-style ” in 
calico-printing. If, for instance, there be printed upon different portions of a piece of calico : (1) 
strong acetate of alumina, (2) weak acetate of alumina, (3) strong acetate of iron, (4) weak acetate 
of iron, and (5) a mixture of the acetates of alumina and iron, and the cloth be then dyed in the 
madder beck, or, as is now the case, in a solution of artificial alizarine, there are produced : (1) full 
red, (2) pink, (3) black, (4) purple [violet], (5) chocolate. Other dyes can also be made to produce 
varied effects, according to the mordant selected, though not to such an extent. 

The properties which a good mordant should possess are various. If for general use, it should 
not alter the colour of the fibre. This is the great advantage possessed by the compounds of 
alumina and tin ; they leave the fibre white as they found it, and hence may be successfully used 
for all pure and bright shades, such as the prismatic colours. Other mordants, e. g. the preparations 
of iron, and certain chromium compounds, alter the colour of the fibre, or darken — technically called 
” saddening ” — the colour of the dye. Thus cotton yam, steeped in a solution of iron and exposed 
to the air, takes a msty or buff shade ; hence the preparations of iron cannot be employed for dyeing 
any colour with which such a ground would be incompatible. Iron, further, is a powerful saddening 
agent; in contact with tannin in its various forms, the dye-woods, cochineal, and the madder 
colours, it produces blacks, deep-olives, dark-browns, &c. Hence its use is necessarily very much 
restricted. 

Mordants must, as a matter of course, be soluble, so that they may be presented to the fibre in a 
liquid state. Doubtless, many substances, when in a very fine state of suspension, are capable of 
combining with the fibre ; but in this case, there is greater difficulty in producing perfectly even 
shades. It is, however, necessary that the mordants, or at least their essential constituents, should 
be easily rendered insoluble, as soon as they have combined with the fibre. Were this not the case, 
they could be washed away, and would prove useless. 

Insolubility may be produced by various methods. Sometimes it depends on the escape of a 
volatile acid. Thus, if cotton yam be mordanted with “ red liquor ” (acetate of alumina), and 
then hung up to dry, the acetic acid flies off, and the alumina is left behind upon the fibre, in an 
insoluble state, but still capable of combining with and retaining certain classes of colouring 
matters. 

In other cases, the mordant, when brought into contact with the yam or cloth, especially in 
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presence of a large qnanHty of water, is decomposed. An oxide — perhaps under some circnuistances 
V t ■ ’ ” “ (sub-salt)— is deposited upon the fibre, whilst the bulk of the acid 

witn Which If WM combined remains in the water. This takes place when yams or cloths are 
worked m a solution of tin crystals, or in nitrate of iron. 

Sometimes a new compound is formed ; the colouring matter and the mordant, each soluble 
When h^en smgly, combine to form an insoluble compound, which is deposited in the pores of the 

frequently in wool dyeing, when the mordant and the colour are 

applied jointly to the fibre. 

Lastly, insolubility may be produced by some special treatment. Thus, if a fibre is worked in 
stannate or almmnate of soda, and is then passed through a weak solution of sal ammoniac , the first- 
mentioned s^te are deromposed, and the stannic acid (peroxide of tin) or alumina is left in an 
insoluble state in the fibre. 

Hence, it may be concluded that, as far as the mineral mordants are concerned, they must be of 
an unstable ^nstitation, held together by very feeble affinity, which may be easily overcome. In 
tach many of the best mordants undergo spontaneous decomposition on keeping for a long time, on 

W \T ^ proportion of acid to the 

base, the fabler is the mordant. If to a well-made tin spirit be added a proportion of free 

is increased. The acid refuses to part with the oxide of 
tin, so the fibre 18 unable to counteract its opposition. As another instance, alum is not very effica- 
cious as a inordant, because the sulphuric acid retains the alumina with a force which the fibre 
^o readily overcome. But if a certain proportion of alkali be added, so as to ine a 
^t of the acuk the alum is converted into basic alum, which parts with its alumina more readily 

a^d th r™ Hence the so-called “ balance ” or proportion between the acS 

and the base is a ^mt of the highest importance. If the base be in relative excess and the 

^ precipitated rapidly and irregularly upon the 

fibre, and the shade produced wiU be cloudy, streaky, and dull. If the acid be in excess^ the result 

nr.rn'u / generally corroded (“ tendered ”), and the mordant is not deposited 

p n it in sufficient quantity. Hence the colour produced has a hungry, impoverished anneamn^o 

Md* described-between a Ught colour fuHy dyed’ 
and that which ought to have been a full shade, but has turned out meaere ^ J * 

to be useful must have a decided affinity at once for the material and the dve « i’ 
permanent union with both. On the otL h J! thL aLTy S b^ too s^ H T'? 
lays hold of the fibre too greedUy, the shades produced will kot be even. This h oftefthr^*^®"* 

raS'^'th *'‘® dye-pan are turned 
rapidly, so that the mordant may have less opportunity of attaching itself to onLnd of the piece 

yarn m preference to the other. If, on the other hand, the affinity of the morTnt for tbeT if 
excessive, the colour produced, instead of being deposited on the fibre is to a vef ^ f ^ i,^ 
extent precipitated to the bottom of the dye-pan as a*^e or pigment whilst the ®^®®"®^derab]e 
ttoroughly nor permanently dyed. Such! for instancfl ferf S%Si rSulTfaf 1 7 
bismuth is used as a mordant along with any of the red wood!,^ A fi/ i. • *7^ “ solution of 

It must be remembered that mordants are not universal in their action • those odeetod r 1 
are not smtable for vegetable fibres. As a general rule the nrenor»f ■ ’ ^ i ^ P*®d for wool 

and worsted goods are more acid than those which serve for dyeing cotton Td^ W 
r^uire mordants of a very faintly acid, a neutral, or even an ffikaline citer tf 

alginates and stannates. On the other hand, alkaline mordants can verv rf f f ’bTf e^ in 
safety upon wool. Preparations of lead, iron, and manganese play a very impoS pfrtTn « 
and linen dyeing, but they are of very little value for wool wLre 1LIS is ' d“ 
missible. The nature of the colouring-matter to be emploved is al-o If’ 

Tffi has always had the preference for use in conjunction 4 h cochineal laf and 
produced with the red woods, e. g. bar-w<KKi reds, sapan pinks, &c., but it ha; Sen 
for nmdder reds, where the compounds of alumina have been fou^d 

that the acid employed in the composition of a mordant decidedlv influpncpa 7 P™ved 
and must likewise be regulated in accordance with the fibre. H is toown tha^t a chf^d^'f 
or a nitrate of iron into the composition of which hydrochloric acid has ent d” ^ 
safely used for dyeing cotton warps of mixed goods such as coburgs d I • * 

delivers the iron, not only upon the cotton, but Z inlT’tZn 

nitrate or nitro-sulphate of iron will mordant the cottoffuUy, leavinrihe foSed f w^n ’ 
untouched. Tin mordants which contain oxalic or tartaric acids are used to 
reds u^n woollens and worsteds. If sulphuric acid is used ffistead of th! oxalic 
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dSed npon woollens along with logwood, than does the muriate of tin under similar circumstances. 
These facts are of importance as regards the theory of the mineral mordants. It is generally sup- 
posed that hydrated alumina, hydrated oxide of tin, iron, &C., as the case may be, is deposited in 
the minute pores of the fibres in conjunction with the colouring matter, thus forming a lake. But 
in view of the facts just mentioned, showing the influence of the acids present, it must be presumed 
either that the substances precipitated upon the fibre retain a certain proportion of the acid in the 
state of a sub-salt (basic salt), or that the acids efliect a permanent change in the properties of the 
colouring matter. It must be remembered that acids have a decided affinity for animal matter. If 
the finger-tips he plunged into sulphuric acid, and immediately afterwards washed in flowing water, 
the acid taste and the reaction with iitmus paper will not be readily removed. 

It is obvious that the theory of the action of mineral mordants, briefly given above, cannot be 
extended to the organic mordants. The action of albumen and its kindred substances in fixing 
many aniline colours upon vegetable fibres is toiaUy different, and is best characterized by the com- 
mon phrase, “animalizing cotton.” Magenta, orchil, &c., are substantive colours upon wool, and, 
by coating cotton with albumen, it is furnished with a snrfaee which is chemically identical with 
wool. The magenta is not combined with the cotton, but merely with a substance mechanically 
adhering to the cotton. 

The most recent experiments decidedly refute the theory that dyes are fixed by the acid of a 
capillary tube in the centre of the fibre, into which the mordants and colours were supposed to 
penetrate. Ko such capillary tube exists, for example, in silk. 

A brief description of the principal mordants and their application will now be given. 

Alumiita Mordants. — Alum, known also as rock-alum, roach-alum, is probably the most 
ancient and the most widely-used mordant. It is a double sulphate of potassium and aluminium 
(potash-alum), or of ammonium and aluminium (ammonia-alum). For most purposes, these two 
kinds differ little in value and utility, ammonia-alum containing a larger proportion of alumina, and 
dissolving more readily in water. These alums are not only used to a great extent as such, especially 
in wool dyeing, both alone and along with argol, chrome, &c., but also in the preparation of other 
aluminous compounds. 

The most dangerous impurity which alum may contain is iron, a substance very injurious even 
in the minutest traces. To detect its presence, a portion of the sample dissolved in water is mixed 
with a few drops of solution of potassium ferrocyanide and ferricyanide (yellow and red prussiate 
of potash): an immediate blue precipitate shows the presence of iron. Or a little solution of 
tartaric acid is added to the solution, then an excess of pure caustic soda, and a drop of ammonium 
sulphide : a black coloration shows the presence of iron. 

To distinguish ammonia-alum from potash-alum, add to the solution a little caustic soda, and 
apply heat. Ammonia-alum is at once known by giving off ammoniacal fumes, which may be 
recognized by the smell, by turning red litmus-paper blue, and by forming a white cloud with a 
rod moistened in hydrochloric acid ; ammonia-alum, which, 20 years ago, was by far the more 
commonly met with, is now rare in the market. The Roman alum, which is now again coming 
into use, has a reddish cast, derived from the presence of a small quantity of oxide of iron, which, 
being in a condition insoluble in water and dilute acids, is perfectly harmless. It often contains a 
proportion of basic sulphate of alumina, and hence deposits its base, hydrate of alumina 
(aluminium hydroxide), more freely on the fibre. Basic alum is formed by adding ammonia or 
potash-lye, as the case may be, till the precipitate formed begins to appear permanent on shaking. 

Cubic alum is obtained in a very similar manner, by dissolving alum in boiling water, and 
adding slaked lime in the proportion of the weight of the alum. It forms cubic crystals. 
Potash, soda, or their carbonates, if cautiously added to solutions of alum, withdraw a part of the 
acid, and form a salt which has a greater affinity for the fibre. 

Sulphate of alumina, known also as cake alum, patent alum, or concentrated alum (aluminium 
persulphate), differs from alum in not containing an alkaline sulphate. It contains much more 
actual almnina — the really active principle — than either potash or ammonia-alum, and is much 
more readily soluble in water. Hence it goes farther, and is more convenient in use. Its dis- 
advantages are — not being a crystalline compound, its composition is not absolutely invariable, 
traces of ftee acid being not unfrequently present; sometimes also it contains iron to a serious 
extent. It must be remembered that great improvements have been effected in the preparation of 
this salt, and it will doubtless be ultimately obtained free from iron and from uncombined acid. 
When this end is accomplished, alum will have no further claim on the dyer. Sulphate of alumina 
may be rendered basic in the same manner as potash- and ammonia-alum. 

Kext in importance to alum, comes red liquor, acetate of alumina, or aluminium acetate, a 
compound very largely used in cotton-dyeing and -printing ; more rarely with animal fibres. It is 
prepared in two general methods. A solution of alum, or of sulphate of alumina, is mixed with a 
suitable proportion of lead acetate (sugar of lead) or of acetate of lime. Sulphate of lead (or of 
lime) is precipitated, and the clear liquid is the acetate of alumina required. Various prescriptions 
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for this mordant will be found in the article on Calico-printing. It may be noted that small 
variations in the quantities of the ingredients often make an important difference in the results. 
Carbonate of soda crystals are generally employed to give a more basic product, and many 
practical men hold that a red liquid prepared from alum is often preferable to one produced from 
sulphate of alumina, the acetate of potash or of ammonia present in the former case playing a 
certain part in the production of the colour. 

Ked liquor may also be obtained by dissolving precipitated hydrate of alumina in the strongest 
acetic acid, until the latter is completely saturated. 

In whatever manner acetate of alumina is prepared, the absence of iron is essentiah Ked liquor 
cannot be indefinitely preserved, especially if freely exposed to the air, as the acid gradually 
escapes, and the composition of the mordant is consequently altered. 

Nitrate of alumina (aluminium nitrate) is not extensively used. It is prepared when needed 
by mixing together, in equivalent proportions, solutions of alnm or sulphate of alumina, and 
nitrate of lead. Sulphate of lead is deposited, and the clear liquid is nitrate of alumina. 

Muriate of alumina (aqueous aluminium chloride) is also rarely used. It is prepared by dis- 
solving hydrated alumina in hydrochloric acid, by decomposing a solution of the sulphate of alumina 
with one of chloride of calcium, or more economically under Fournier’s patent, by mixing solutions 
of sulphate of alumina and common salt, and exposing the mixture to a temperature of — 2° to 0° 
(28J°-32° F.). Sulphate of soda is deposited in fine crystals, whilst hydrochlorate of alumina 
remains in solution. 

Hyposulphite of alumina (aluminium thiosulphite) has been proposed by Kopp as a substitute 
for red liquor. It is readily obtained on decomposing sulphate of alumina by hyposulphite of lime- 
By the action of sulphurous acid gas upon a mixture of the tank-waste from the soda manufacture, 
with 10 per cent, of its weight of sulphur and water, previously boiled together, hyposulphite of 
lime is obtained in fine crystals. Kopp considers that it possesses distinct advantages over red 
liquor: but in England, the opinion of practical men is not in its favour. 

Oxalate of alumina has been made by dissolving precipitated alumina in oxalic acid, but is 
rarely used. 

The aluminate of soda (alkaline pink mordant) forms an exception to the rest of the aluminous 
mordants, as it consists of alumina dissolved not in an acid, but in an alkali. It was originally 
prepared by precipitating alumina from alum or from sulphate of alumina by means of caustic soda,- 
and adding the latter in excess, with the aid of heat, till the precipitate was redissolved. It is now 
to be met with in the solid state, and nearly pure. 

In dyeing, it produces every effect yielded by alum, and, in addition, certain results which 
cannot be otherwise obtained. Notwithstanding its alkaline nature, it may be used to fix colours 
upon wool. In calico-printing, it serves as a pink mordant, the pieces being afterwards taken 
through a bath of sal ammoniac, or chloride of zinc. 

Ahtimont Mobdants. — Compounds of antimony play but a limited part as mordants. An 
American authority recommends the “ oxymuriate ” of antimony — which may perhaps mean 
antimony terchloride, or antimonic acid dissolved in hydrochloric acid — as a mordant for dyeing a 
scarlet shade on cotton with Sehlbach’s “ extra-scarlet,” a coal-tar colour. 

Muriate of antimony (antimony terchloride), has been used along with oxalic acid for dyeing 
grain and lac scarlet on woollens. The result is harsh and chalky. Antimonial compounds have 
been used as a “ prepare ” for steam colours in printing, but without advantage. 

Antimony tartrate and tartar emetic (antimony potassium tartrate) are now used to some extent 
along with tannin in fixing certain aniline colours upon cotton. 

Aesenic Mobdants. — Arseniate of soda along with red liquor is used to a large extent in fastening 
aniline and other coal-tar colours upon cotton tissues. The discovery of an available substitute for 
so dangerous an article is very desirable, especially in the present excited state of public feeling 
with regard to poisonous colours. 

Bismuth Mobdakts. — Bismuth is too expensive, and though capable of yielding rich lakes, its 
affinity for textile fibres is feeble, and the colours dyed and printed with its solutions, e. g. the 
aceto-nitrate, are loose and uneven. 

Cheomiom Mobdants. — Several compounds of chromium are largely used in dyeing and printing. 
The sesquioxide of chrome dissolved in acids, such as sulphuric, nitric, or acetic, has a con- 
siderable affinity for textile fibres, and also tor certain colouring matters ; but as it gives a pale 
greenish colour, it is at once excluded in the case of most light and bright colours, to which an 

admixture of green would be fatal. The aceto-nitrate of chrome is prepared by G. Witz as follows • 

Into a large stoneware pan, holding 20 gal., are poured 6 gal. boiling water, dTJ lb. nitric acid at 
62° Tw., and 6 lb. 9 oz. bichromate potash in very coarse powder. The following mixture is then 
poured in, by about 17 fl. oz. at a time, stirring with a large glass rod, and allowing the frothing 
each time to subside before adding a fresh lot: — 3| lb. white glycerine at 44° Tw., and 90 lb. 
acetic acid at 25J° Tw. Whilst adding the first half of this mixture, it is needful to proceed slowly, 
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bttt aftearwards it is added more briskly, to keep np the reaction. This process is performed in the 
open air. When all is dissolved, the liqnid is passed into a copper pan fitted with a steam-jacket, 
heated quickly to a boil, and kept at that point for two minutes, or until a shallow layer of the 
liquid takes a fine green. It is then poured back into the stone vessel, and allowed to cool over- 
night. The liquid is next poured off, aud the crystals of saltpetre are washed with 4 lb. cold 
water ; the liquid is decanted oflf, and mixed with the former, so as to form 2 gal. mordant at about 
, 57J Tw. This mordant may be used for alizarine pieces, for coemleine shades along with bisulphite 

of potash, for logwood blacks, and for “ Havraneck green,” along with prussiate of potash, &o. 

Chrome-alum is a double sulphate of chrome and potash. It contains no alumina and no 
chromic acid, and cannot be prepared, as some dyers erroneously imagine, by mixing bichromate of 
■ potash and ordinary alum. It is chiefly obtained as a residual product, e. g. in the conversion of 
anthracene into anthraquinone, in the manufacture of artificial alizarine, and is recommended by 
Dr. Beimann for dyeing logwood blacks, especially in conjunction with iron-alum. (See Iron 
Mordants.) 

The chromium-compounds most widely used in dyeing are the combinations of chromic acid 
with an alkaline base, generally potash. The yeUow or neutral salt (potassium chromate, not to be 
confounded with chrome yellow, a lead chromate) would be very useful, if it could be obtained in 
an unvar3dng state. It is generally found contaminated with various proportions of carbonate of 
potash, and containing more or less moisture. Those who wish to witness its interesting behaviour 
with many organic colouring matters may avoid this difficulty by using 151 parts of fhe bichromate 
ahd 143 parts of clear soda crystals not effloresced. The yellow chromate is much more widely 
used on the Continent than in England. 

The bichromate of potash (potassium dichromate), and often known as red chromate, bichrome, 
red chrome, or simply chrome, is used to a very large extent in dyeing blacks upon wool, in 
conjunction with logwood. Along with fustic, red woods, orchil, &c., with or without logwood, it 
yields browns, yellows, bottle-greens, dark-greens, olives, purples, and intermediate shades. All 
these colours are cheap, requiring little time or labour, and are very fairly fast. 

CoppEB Mobdants.— C ompounds of copper, though used in dyeing and printing to some extent* 
serve rather as oxidizing agents or alterants, than for fixing colours upon the fibre. The principal 
are : — 

Ammoniuret of copper is formed by adding liquid ammonia in excess to a solution of sulphate 
of copper, till the precipitate is redissolved, and a beautiful violet-blue liquid is produced. When 
dilute, it is sometimes used for giving a pale-green upon vegetable tissues by padding, dyeing, and 
rinsing. 

Chloride (muriate) of copper is most used on the Continent in printing. In England, nitrate or 
sulphate of copper is used in its place, along with sal ammoniac. It may be easily prepared, if 
desired, by mixing solutions of sulphate of copper and chloride of calcium, drawing off the clear 
liquid for use. 

Kitrate of copper is generally obtained as a residual product in cleaning articles of copper and 
its alloys. - The nitrate is sold as a deep-blue liquid at about 90° Tw., and is often very impure, 
containing zinc, iron, &o., not intentionally, but from carelessness. It is chiefly used as an 
oxidizing agent in printing, e. g. in catechu browns. 

Sulphate of copper, known also as blue vitriol, blue-stone, and Boman vitriol, is generally pre- 
pared directly from copper ore. It is used by printers as a resist, and by dyers as a mordant, 
generally in conjunction with copperas, alum, argol, 4c. Sulphate of copper sometimes contains 
more than 60 per cent, of sulphate of iron. Such mixtures are frequently known by the names of 
Salzburg vitriol, Cyprus vitriol, admont vitriol, and eagle vitriol. They are to be condemned. If 
the dyer requires the joint action of blue-stone and copperas, he had better have both these 
substances in a pure state, and mix them himself in known proportions. 

Verdigris (acetate of copper) is now comparatively little used. It is employed in catechu 
colours, in resists for indigo-styles, and as an oxidizer in some steam colours. In dyeing blacks on 
silks, and logwood blues on wools, it is also used. An old Act of Parliament (George III., 20) 
imposes a penalty of 20/. for every piece of woollen cloth dyed a logwood blue in this manner. This 
curious statute is said to be still uurepealed. 

Ikon Mokdants. — These are both numerous and important. 

Copperas (green vitriol), scientifically known as ferrous sulphate, may be made by dissolving 
scrap iron in dilute sulphuric acid. Practically it is obtained by exposing the soft whitish iron 
pyrites of the Coal-measures, often known as “ brass-lumps ” or “ coal-brasses,” to the action of air 
and moisture. The water being decomposed, the hydrogen escapes, and the sulphur and iron are both 
oxidized. The solution thus obtained is concentrated, when it deposits copperas in pale greenish- 
blue semi-transparent crystals, containing 45 per cent, of water, which, on exposure to a gentle 
heat, escapes, leaving a white powder. Copperas should be hard, clear, and dry. If soft, and of a 
whitish or greyish-green colour, sulphate of alumina is probably present — the most objectionable 
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impurity — which is often met with if the pyrites have not been dnly selected, or if the crystalliza- 
tion has been carried on at too high a point of concentration. To detect the presence of alumina, 
a little of the sample is dissolved in water, heated with some pure nitric acid to peroxidize the 
iron, and the solution, after being heated till all the free nitric acid has been expelled, is mixed 
with a considerable excess of pure caustic soda. The mixture is heated in a clean iron vessel, 
diluted with water, filtered, and a solution of sal ammoniac is added to the clear liquid. If the 
copperas contains alumina, a white precipitate will be formed. 

Old copperas, especially if it has been exposed to moist air, turns brown — a feature preferred by 
some consumers, though only valuable as a sign that the crystals do not contain any sulphuric 
acid. This brown appearance is therefore imitated by scattering lime-dust over the heaps, or 
watering them with stale urine. 

“ Calcined copperas ” is an article for which some dyers have a peculiar liking. It is prepared 
by heating ordinary raw copperas. If merely the water of crystallization is given off, the copperas 
remains soluble, and is, weight for weight, stronger than in its original state. If actually calcined, 
it becomes to a greater or less extent insoluble, and is therefore, pro tanto, wasted. 

Copperas is now very .extensively used in the manufacture of so-called nitrate of iron, and some- 
times of acetate of iron. As a mordant, it is less employed than formerly. 

Persulphate of iron, otherwise known as red sulphate (ferric sulphate), is not produced in the 
form of crystals. It may be made by dissolving copperas in water, applying heat, and gradually 
adding nitric'acid in small proportions, till a little of the liquid no longer gives a blue precipitate 
with potassium ferricyanide (red prussiate of potash). Or native hydrated ferric oxide is boiled in 
oil of vitriol. Persulphate of iron is little used under its own name, bnt much of the nitrate of iron, 
commonly so called, is little else than persulphate. 

Iron-alum is much used abroad, and is recommended by Dr. Beimann in conjunction with chrome- 
alum when dyeing logwood blacks. It may be obtained as follows : — 78 parts of the red oxide of 
iron are dissolved in 147 parts of oil of vitriol with the aid of heat. The solution is then diluted 
with water, and mixed with 87 parts sulphate of polash. The solution is next allowed to crystallize. 
These crystals, being absolutely unvarying in composition, are free from many of the objections 
made to the nitrates and the persulphate. 

Muriate of iron (solution of ferrous chloride) is prepared by dissolving waste iron in hydro- 
chloric acid of the common commercial strength (32°-34° Tw.) till the solution reaches 80°-85° Tw. 
It requires to be kept from contact with the air. It is sometimes used in producing catechu drabs 
and slates. 

Permuriate of iron (solution of ferric chloride) is made by dissolving scrap iron in a mixture of 
nitric and hydrochloric acids. It is used still less than the muriate. 

Nitrate of iron is a name given to a whole group of mordants, differing widely in their nature, 
manufacture, and applications. Some of these compounds contain no acid except nitric, others are 
made with a mixture of nitric and sulphuric, and in others, again, acetic acid is present in addition. 
In general, the iron is entirely in the ferric or most highly oxidized state ; whilst in others, there is 
more or less of the proto or ferrous salt. Some nitrates of iron are made from copperas, others from 
scrap-iron, and others of a mixture of both. In sp. gr., they range from 40° to 120° Tw. However 
they may differ in other respects, it is important that they contain no hydrochloric acid, nor any 
chloride. If such is present, the iron will be less readily deposited upon the fibre, and — a greater evil 
— in dyeing mixed goods, it will work upon the woollen or worsted in preference to the cotton. 
Another very important point is that the acid and the base should be accurately proportioned, or, 
as it is technically termed, “ balanced.” If there is an excess of acid, the fibre will not be able 
to take up a sufficient quantity of the base, whence the shades produced will be meagre. The tissue 
itself, and in case of printing, the rollers and doctors, wUl be corroded. If, on the other hand, the 
proportion of iron is relatively too great, much of the colour will be deposited not on the fibres, 
but at the bottom of the dye-beck, and the shades obtained wUl be duU, irregular, and deficient 
in fastness. This balance between the acid and the base varies, however, according to the purpose 
for which the nitrate of iron is prepared. 

A “ black-iron,” i. e. for dyeing and printing black upon cotton yams, pieces, or the cotton warps 
of mixed goods, should be very thoroughly neutralized, or, as it is termed, “ killed.” StUl, even here, 
if the oxide of iron is deposited too rapidly and irregularly to combine with the organic colouring 
matter, the goods wUl not only appear cloudy op streaky, but may even display buff patches. For 
this purpose, a nitrate of iron — or rather a uitro-sulphate — made from copperas is preferable to one 
from the metal. It is not necessary that the whole of the iron should be peroxidized. A mordant 
containing a mixture of proto- and per-salt (ferrous and ferric nitro-persulphate) yields fuller and 
richer blacks ; the former of these compounds, if used alone, giving a bluish, and the latter a 
brownish cast. The following process will yield a good black-iron. Take a large, strong cask, 
holding about 140 gal. ; remove one end, and put into it 5 cwt. of dry, clean copperas, free from 
alumina and from both fine powder and very large lumps. Upon it, pour 1201b. of nitric acid at 
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64° Tw. (the so-called double aquafortis of commerce), and stir the whole up together with a long 
pole, so that every part of the copperas may come into contact with the acid. In the stirring, there is 
a certain art. A violent revolving movement must be avoided ; the copperas should be turned over 
from the very bottom, working as if trying to find some lost article with the end of the pole. As 
the fumes given off are absolutely suffocating, the cask should be placed in a shed with open sides, so 
that the workmen may stand on the windward side. In case of inhaling these fumes, relief is obtained 
^by drinking very strong vinegar, or acetic acid diluted with water. On no account should whisky 
or rum be used. In the evening, the cask is stirred up again. This process is repeated on the second 
day at morning and evening, and again on the morning of the third day. At night the reaction will 
be over, and if the operation has been well conducted, the copperas will have been entirely dissolved, 
or a very small quantity may be left in the cask. Water is then poured in, until the whole, after 
being thoroughly stirred up, marks about 75°-80° Tw. The liquid is allowed to settle, and is run 
off into carboys, which should stand in a dark place, exposed neither to heat nor cold. 

Some manufacturers modify their “ black-irons” by adding a solution of brown sugar of lead, in 
proportions below 95 lb. to 138 lb. of the copperas originally employed. In consequence, the lead 
precipitates its equivalent of the sulphuric acid present, its place being taken by the acetic acid 
previously present in the sugar of lead. If any free nitric acid exist, it will combine with some of 
the iron, formerly held by the sulphuric acid ; whilst a corresponding proportion of acetic acid will 
be set free. A black-iron thus corrected wilt neither injure tissues, colours, nor printing machinery. 
Hence it may safely be used for burl or burr dyeing. 

When woollen pieces have been dyed, they are often found more or less spotted over with small 
grey specks, upon which the dye, as mixed for woollens, has not taken effeet. These are due to 
small portions of vegetable matter, which have become entangled in the wool. To render the piece 
of a uniform black, it must therefore vmdergo a second process, which is, in fact, cotton-dyeing. For 
this purpose, the “ burling ” iron is required, and the nitrate of iron must be very accurately pre- 
pared. If too acid, it may discharge or modify the colour of the wool ; and if too dead, it may 
occasion rust-smears. 

“ Common iron ” is used for ” saddening,” as it is called, such colours as olives, dark-browns, 
drabs, &c. It is sharper than black-iron, and is a perfect per-salt (ferric salt). 

It may be obtained by the process just recommended for black-iron, using 130-135 lb. of nitric 
acid to 5 cwt. of copperas. If any copperas remains in the cask unattacked, the liquid is drawn off 
before diluting with water. 

A saddening-iron for drabs is often made as follows: — Ordinary nitric acid is let down to 
34° Tw., and of this, 100 lb. are placed in a large stoneware pan. In it, are dissolved, firstly, 4 lb, 
of clean scrap-iron, and afterwards, as much copperas is gradually added as the acid will take up, 
which is generally about J cwt. It is finally set at 60° Tw. with water. 

So-called “ blue-irons ” were formerly very much used for dyeing Prussian blues upon cotton 
yams, and upon the cotton warps of mixed piece-goods where the weft had been dyed with an 
aniline blue, and in producing a blue base for greens. These uses are now of very much less 
importance, since the discovery of coal-tar colours, which work well upon vegetable fibre. 

Blue-irons are sharper than black and common irons, as their acidity is to a great extent 
neutralized by the prussiate of potash. A blue-iron for cotton yam and unmixed cotton piece-goods 
may be made by the first process for a common iron, viz. 5 cwt. copperas to 130 lb. nitric acid. 

For light-blues on the warps of coburgs, delaines, &c., double aquafortis (nitric acid) is let 
down to 32° Tw., and clean scrap iron is dissolved in it as long as there is a good action, and 
reddish fumes are thrown off. It should mark 42°-43° Tw. 

For darker blues, verging towards a violet, put 24 lb. nitrate of soda, freed from common salt, 
into 15 gal. water, and stir till dissolved. Then add by degrees 20 lb. of oil of vitrol, feeding with 
scrap iron as required. The heat must not be allowed to get very high. In cold weather, both the 
oil of vitriol and the iron are added more rapidly than in summer. This nitrate of iron contains 
sulphate of soda, and, if kept for any length of time, deposits a sediment. 

Analytical processes ate of little avail in finding the practical value of an “ iron,” since the 
quality of any sample depends not merely upon the proportions of the ingredients, but upon the 
manner in which they are combined. 

Pyrolignite of iron, likewise called acetate of iron, black-liquor, and iron-liquor, is less used in 
dyeing than in calico-printing, where it plays a great part, especially in the madder-style. It is 
generally prepared on a large scale at wood-vinegar works. Scrap-iron is submitted to the action 
of raw acetic (pyroligneous) acid in a series of vats, till thorough saturation is obtained. It has 
been perfectly well ascertained that the purified acid, free from tarry matters, gives a much less 
satisfactory product. These impurities retard the conversion of the iron into a salt of the peroxide 
(ferric salt), in which state its efficiency is much lessened. Black-liquor is also sometimes prepared 
by the consumer by a process of double decomposition. 

A solution of copperas is mixed with one of brown sugar of lead, or crude acetate of lime, 
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and after settling, the clear liquid is drawn off for use. (For particulars concerning both these 
processes, see p. 31.) 

The specific gravity of black-liquor, as met with in commerce, ranges from 30° down to about 
10° Tw. Its properties are very considerably modified by the degree of strength at which it is 
used. At 6° Tw., it gives with madder a full and fast black. If diluted down to 4° Tw., or lower, 
it yields with madder and artificial madder colours various shades of purple and lilac. These 
colours are called by Continental writers violets. The words pm-pur (German) and poupre (French)^ 
are applied to shades between crimsons and reddish-violets. Artists in England use the word 
“ purple ” in the same sense, and not as synonymous with “ violet.” Used in combination with 
red-liquor in different proportions, it gives shades of chocolate. 

Along with black-liquor, may be mentioned a proposed substitute, which possibly deserves more 
attention than it has yet received— hyposulphite of iron. It may be prepared by mixing a solution 
of copperas with crystals of hyposulphite of soda, or by decomposing copperas with hyposulphite of 
lime. According to Kopp, the fixation of the base of this mordant upon the fibre is very slow and 
very intimate, and the tissues are not in the least injured. Other authorities, among them 
C. O’Neill, maintain tliat the action of the hyposulphite is iiregular, and that the colours produced 
are consequently uneven. 

It has been proposed by Persoz to dissolve pyrophosphate of iron in ammonia. The solution, if 
printed on cotton, and dried very slowly, gives, when dyed with the madder-colours, exceedingly 
pure purples and lilacs. It is said that cloth thus mordanted can be successfully dyed in becks 
which DO longer give any colour on cotton prepared with black-liquor. 

Lead Mordants. — Four compounds of lead, the acetate, nitrate, and sulphate, and the plumbate 
of soda, are used in dyeing and printing. The affinity of oxide of lead for the fibre is feeble, and 
though it combines very readily with organic colouring matters, the resulting compounds — lakes — 
are wanting in depth of colour and beauty. Hence salts of lend are but rarely used as true 
mordants, i. e. for fixing animal, vegetable, or artificial colours upon tissues. Another defect oU 
lead is that it is very readily blackened by sulphuretted hydrogen, &o., or if brought into contact 
with organic matter containing sulphur, such as wool. The nitrate of lead was used in fixing 
murexide purple, a colour now, we believe, no longer in the market. The acetate — sugar of lead 
— and the basic acetate, otherwise known as subacetate of lead, Goulard’s extract, or lead vinegar, 
have been used with some success in dyeing and printing aniline colours upon cotton. The cloth 
is alternately padded in the lead solution, and in weak ammonia, or is soaped, and then mordanted 
with lead. 

The'chief use of all the lead compounds is the production of yellow and orange colours upon 
cotton in conjunction with bichromate of potash, a style of work much in vogue in printing. 

Manganese Mordants. — Manganese has a very powerful affinity for organic matter. Cotton 
steeped in the permanganate of potash soon takes a deep-brown colour. The same effect is pro- 
duced if the cotton is worked in a solution, as nearly neutral as possible, of sulphate, chloride, or 
acetate of manganese, and is then taken through a weak bath of chloride of lime. The colour thus 
obtained upon the fibre is too dark to admit of this process being used for fixing any organic dye. 
But the hydrated protoxide of manganese is white, or of a very faint pink tint, and hence, to use 
manganese successfully as a mordant, it is merely needful to pass the tissue, after being worked in 
permanganate of potash, into a solution of some powerful reducing agent, preferably a solution of 
tin-crystals. By this means, a deposit of white protoxide is left upon the fibre, and may serve as a 
mordant. 

SmcA AS A Mordant.— Silica in the amorphous, and still more in the hydrated, state, has a 
decided affinity for organic colours — a circumstance which approximates it to alumina. This 
property may be practically utilized in the following manner. The tissue is worked in a solution 
of silicate of soda — so-caUed soluble glass — and is then taken through a dilute acid, such as 
sulphuric, or hydrochloric at about 1°-1 J° Tw., or through a solution of sal ammoniac. 

The silicate of soda is thus decomposed, and hydrated silica is deposited upon the fibre. If the 
goods are then worked in a solution of a colouring matter, they become thoroughly and permanently 
dyed. This process has chiefly been used for the fixation of certain aniline dyes upon cotton. It 
is less applicable upon sUk and wool, to which, moreover, the same colours adhere in general 
without the intervention of a mordant. 

Sulphur as a Mordant. — ^Hyposulphite of soda was proposed some time ago for fixing certain 
aniline greens, and was used with success. The suggestion was due to a photographer, who 
having been accustomed to toploy hyposulphite of soda as a fixing agent in his own department 
concluded that it would “ fix anything.” This case is interesting as an example of practical 
success reached by a false theory. There are many such. 

It has since been found that the value of hyposulphite of soda depends on the fact that tissues 
saturated therewith, and afterwards taken through an acid, or even exposed to the air become 
coated with finely divided sulphur, which, in this state, absorbs colours by surface attraction, very 
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amilarly to amorplioos silica. Sulphur in this condition is a useful mordant for many coal-tar 
colours, but is of little value for the fixation of eosine. 

Tm Mobdants. — Till willin the last twenty years, tin mordants might, perhaps, claim the 
supremacy over all others, since the brightest and most beautiful colours, whether upon cotton, 
sUk, or wool, were fixed by their means. Their importance is now diminished, inasmuch as many 
of the finest shades formerly obtained from natural colouring matters with their intervention are 
obtained in even greater purity and brightness from the aniline colours. Still the applications of 
* tin in dyeing and tissue-printing remain extensive and manifold. To enumerate and describe all 
the tin compounds which have been, and still are, in use, would require a volume of fair size. They 
comprise both stannous and stannic salts, or, as they are stUl technically named, protomuriate, 
protosulphate, &c., and on the other hand, permuriate, nitromuriate, or oxymnriate. Lastly, in 
.the stannate of soda, the tin appears not as a base, hut as an acid. The affinities of tin, both for 
the fibre and for the colours, are strong, and the “ lakes ” which it forms with the latter are rich and 
bright. Though not exempt from the action of sulphur, it blackens much less rapidly than lead. 

The so-called protochloride of tin, protomuriate, or simply muriate (stannous chloride), is made 
by allowing hydrochloric acid at about 32° Tw. to act upon granulated or feathered tin, with the 
aid of heat. The process is generally conducted in large stoneware vessels heated by hot water or 
steam. In some establishments, hydrochloric acid gas, just as evolved by the action of sulphuric 
acid upon common salt, is allowed to pass over granulated tin in stoneware cylinders, down which 
water is constantly allowed to trickle. Muriate of tin is sold in three states, differing merely in 
concentration. 

Single muriate is a solution ranging in strength &om 40° to 60° Tw., and containing from 1 to 
2 oz. metallic tin in the lb. It is used by woollen dyers. Double muriate of tin varies in strength 
from 70° to 120° Tw., and contains proportions of tin from 2J to 5 oz. a lb. The weaker and more 
acid kinds are used in woollen-dyeing ; and the more neutral and thoronglily saturated kinds, from 
110° to 120° Tw., for cottons. The mere specific gravity, however, gives no certain clue to the 
composition of a sample, as, even in the absence of all impurities, a variety in proportion may 
occur. Some makers dissolve the tin in undiluted acid at 32° Tw., whilst others add water before 
dissolving. The higher the original specific gravity of the acid taken, the smaller will bo the pro- 
portion of tin needed to bring it up to any given degree of the hydrometer. The chief impurities 
which may be met with are sulphuric acid and sulphates of zinc and magnesia. 

Tin crystals, sometimes called salts of tin, are merely muriate of tin evaporated to crystalliza- 
tion. They should contain about 52 per cent, of metallic tin. A good sample dissolves in about 
ten times its weight of water, with little or no turbidity. If a few drops of pure hydrochloric acid 
are added to this solution, no precipitate should be formed on dropping in a solution of barium 
chloride. Should a white precipitate appear, sulphuric acid in some combination is present. 

The ordinary hydrochloric acid used for dissolving tin generally contains a little sulphuric acid, 
but the quantity is too small to produce more than a faint white turbidity in the solution of the 
tin crystals. 

To determine the actual proportion of tin present in a sample of tin crystals, or of the liquid 
muriates, the following volumetric process may be used. A standard solution of tin is first made 
up by dissolving 500 gr. of pure tin (grain-bar) in pure hydrochloric acid, an operation which may 
be -facilitated by putting it into contact with a platinum crucible. The liquid is then made up 
with distilled water to exactly 10,000 grain-measures. Every 20 grain-measures of the solution 
will contain consequently 1 gr. of tin. 

A standard solution of iodine is then prepared by weighing out 127 gr. of pure iodine and 
180 gr. of pure potassium iodide. They are then dissolved in 10,000 grain-measures of water, 
without applying heat, and the solution is preserved in 6-oz. stoppered bottles. 

To find the value of this iodine solution, 100 grain-measures of the standard tin-liquor, con- 
taining of course 5 gr. of tin, are measured off into a beaker, and mixed with bicarbonate of soda 
in excess, and with sufficient double tartrate of potash and soda to keep the liquid from precipi- 
tating. A little weak starch paste is then added, and the iodine-solution is dropped in from a 
burette, till a faint but permanent blue tinge is seen in the glass. The number of degrees on 
the burette consumed show how many grain-measures of the iodine solution represent 1 gr. of 
metallic tin. 

For the actual test of the crystals, a known quantity is weighed out, put into a beaker, and dis- 
solved in dutilled water, with the aid of a drop or two of hydrochloric acid, so as to give a perfectly 
clear solution. Bicarbonate of soda and double tartrate of potash and soda are added as before. 
The starch-paste is then added, and the iodine solution is droppetl in as before, till the blue colour 
appears. Prom the number of grain-measures consumed, as shown on the burette, the percentage 
of tin in the crystals is readily calculated. 

Next come what may be called mixtures of muriate of tin with other acids, their properties being 
thus modified. The following are specimens in extensive use 
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Amaranth Spirit. — Mix 95 lb. hydrochloric acid at 32° Tw. with 5 lb. oil of vitriol, and dissolve, 
in it 4 lb. 11 oz. of tin. Used for dyeing reddish-violet with the woods on woollens and worsteds. 

Tellow and Orange Spirit. — Take 5 lb. 11 oz. of double muriate at 80° Tw., mix separately 2 lb. 
oil of vitriol and 2 lb. water, and when cold, stir it into the double muriate. The more tin there is 
in the double muriate, the more the cloth will show a greenish reflection, if held up to the light and 
looked at along the surface. For woollens or worsteds. 

Scarlet Finishing Spirit. — Take 3 pints muriate of tin at 54° Tw., and 2 oz. oxalic acid. Dissolve, 
before mixing, in hot water enough to set the whole at 40° Tw. Used for finishing grain scarlets 
which have been grounded with nitrate of tin. Some dyers prefer to substitute tartaric acid for a 
part, or even for the whole, of the oxalic acid. In soft woollen goods, the strength of the muriate of 
tin may be raised to advantage at 70°-80° Tw. A spirit thus prepared acts well for cochineal 
orange, maize, &d. 

On the Continent, nitro-muriate of tin (see below), is generally used for dyeing cochineal and 
lac scarlets, &c., on woollens. 

Plum Spirit. — Take 2 gal. muriate of tin at 70° Tw. In another vessel, mix sulphuric acid and 
water till the mixture stands at 28° Tw. when cold. Add of this 1 gal., and stir well. This mordant 
is used for dyeing plums, reddish-violets, and brownish-purples on wool. 

Oxalate of Tin. — In the strict sense of the words, this is not a commercial article, but the name, 
generally shortened into “ Ox. Tin,” is given to mixtures of muriate of tin with sulphuric and oxalic 
acids in different proportions. The following, which is largely in use, may serve as an example : — 

Muriate of tin at 80° Tw., 6 gal. ; sulphuric acid at 42° Tw., 3 gal. ; oxalic acid, 2 oz. a gal. These 
spirits are used for finishing royal blues, topping blacks, where “ bloomy ” reflection is required, 
and as a scarlet or orange spirit with cochineal, lac, flavine, young fustic, &c. 

Some compounds of tin are used in dyeing which probably contain an oxide intermediate between 
stannous and stannic. These solutions are of a rich deep-amber colour, and in warm weather keep 
very badly. Of these mordants, the moat important is nitrate of tin, scarlet spirit (or bowl spirit), 
much used in Yorkshire and in Scotland for grounding cochineal colours on woollens and worsteds. 

To prepare this spirit, a quantity of so-called “ single,” or “ dyers’ ” aquafortis, i. e. nitric acid at 
about 82° Tw., containing a quantity of hydrochloric acid, or of an alkaline chloride, and totally 
free from sulphuric acid, and from the lower oxides of nitrogen, is placed in a large clean stoneware 
bowl. The finest quality of grain-bar tin, not feathered, is then dissolved in it, in the proportion of 
1 lb. to every 8 lb. of the acid. Certain niceties in working are essential to success. If the acid is 
average in quality, and the weather is temperate, some 4—5 rods are laid in the bowl, and allowed to 
dissolve quietly, without stirring, or the application of heat. After a time, the liquid “ turns,” i e. 
assumes a deep-amber or light-orange colour. When this has occurred, all difflculty is over, and 
nothing is needed but to add the rest of the tin by degrees, taking care that the reaction neither 
dies down nor grows violent. There must be no effervescence, nor production of orange-coloured 
bubbles or fumes. If the process fails, the change of colour does not occur, and the liquid, after 
remaining colourless for some hours, suddenly turns thick and turbid. If too much tin has been 
introduced at first, orange fumes rise up, and the tin is deposited in an insoluble state, and is useless. 
In winter, 8-10 rods may be put in at the beginning, without danger. In hot weather, two or even 
one is suflBcient, and, if convenient, the bowl may be cooled by placing it in a stream of cold water. 
If the temperature is very high, the spirit may be started by putting into the bowl half a handful 
of dry, clean, granulated tin. Nitrate of tin, if well made, marks 58°-60° Tw., and contains 24 oz. 
tin per lb. 

Purple Spirit, for producing wood purples and violets upon wools and worsteds, is made as follows : 
—Fresh, well-made nitrate of tin is gently warmed by setting the bowl in a larger vessel of hot 
water, and is allowed to dissolve as much grain-bar tin, in the rod, as it can take up. It marks 
about 80° Tw., and should be used Immediately. 

Aniline Spirit, so-called, is used for fixing aniline colours upon the cotton warps of delaines &o 
and for producing some very rich shades with dye-woods. It is prepared from 5 lb. single Mua- 
fortis at 32° Tw., 2J gal. hydrochloric acid at the same strength, and 12 lb. grain-bar tin in the rod. 
The acids are mixed in a bowl with upright sides. About 12 rods are put in at first arranged at 
equal distances round the side of the bowl. More tin is added as these dissolve, but ’the tempera- 
ture must not become excessive. The finished spirit is of a reddish-amber colour, and contains 
about 20 oz. of tin per lb. 

Many reoi^s, in which tin is directed to be dissolved in different proportions of nitric acid 
with the addition of sal ammoniac, will yield a mordant similar in properties to the above. ’ 

The stannic salts or per-salts of tin are prepared by two very different processes : (1) A pure 
aqueous stannic chloride, otherwise called perchloride of tin, bichloride of tin, stannic hydrochlorate 
dyers’ composition, and sometimes scarlet spirits, may he obtained by saturating double muriate of 
tin at the highest strength, with chlorine gas till a small portion, taken out and dissolved in water, 
no longer gives a black precipitate with a solution of mercuric chloride (corrosive sublimate). The 
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solution, with or without the addition of tartaric or oxalic acids, may be used for dyeing cochineal 
and lac scarlets upon wool. Or (2) tin crystals are dissolved in hydrochloric acid, heat is applied, 
and nitric acid is added in small proportions at a time, avoiding excess, till the above-mentioned 
black precipitate is no longer obtained. Or the metal is dissolved in mixtures of nitric and hydro- 
chloric acids. Whenever nitric acid is used, it is never entirely driven ofif, and the resulting product 
differs in its action upon colours from that obtained by other processes. Hence it is improbable 
that pure tin composition would give all the results obtained with these mixtures. The following 
prescriptions may serve as specimens ; — 

Bed cotton spirit, known also as crimson spirit, is made by mixing 6 gal. hydrochloric acid at 
32°-34° Tw., 1 gal. nitric acid at 64° Tw., and 1 gal. water. .After standing for a short time, enter 
by degrees 6 lb. of tin in the rod, b^inning with 6 rods more or less, according to the weather, and 
adding the rest by degrees. The mixture must never get very hot, so as to give off orange \ apours, 
nor must it ever be stirred. In 8-9 hours the whole of the tin will be dissolved, and the liquid will 
be of a clear pale straw-colour. Another red cotton spirit is made with 8J gal. hydrochloric acid at 
35° Tw., 1^ gal. nitric acid at 64° Tw., 1 oz. bichromate of potash, and sufficient tin to bring up the 
sp. gr. of the solution to 54° Tw. 

Barwood spirit is made with 5 gal. hydrochloric acid at 32P Tw., 1 gal. nitric acid at 64° Tw., 
and tin at the rate of 1 oz. per lb. of mixed acids. 

Tin solution is used for very similar purposes to red cotton spirits, from which it is not distin- 
guished by any well-marked outline. Such a solution is made with 6 gal. hydrochloric acid at 
32° Tw., li gal. nitric acid at 64° Tw., 1 gal. water, and 7 lb. tin in rods. In working, the action 
should be brisk, and the surface of the liquid be covered with a small fine froth ; but there must be 
no orange vapours. 

A purple cotton spirit is made by mixing 5 lb. hydrochloric acid and 1 lb. nitric acid, both of the 
usual strength, and dissolving 2 oz. tin per lb. of mixed acid. Afterwards, J lb. bichromate of 
potash, dissolved in water, is added to every 18 gal. 

Printers’ Oxymuriates. — (1) Hydrochloric and nitric acid, 20 lb. each ; sal ammoniac, 5 lb., 
previously dissolved in the nitric acid ; and dissolve in the mixture 10 lb. tin. (2) Melt 16 lb. tin 
crystals in a bowl set in hot water, and add by degrees 20 lb. nitric acid. (3) Melt in the same way 
60 lb. tin crystals, adding 1 qt. water, and add gradually 92 lb. nitric acid at 00° Tw. (1) Hydro- 
chloric acid at 34° Tw., 11 lb. ; nitric acid at 62° Tw., 5 lb. ; and dissolve gradually 2 lb. feathered 
tin. No. (2) is used for “ cutting ” madder pinks, and No. (4) for spirit styles. 

Pink salt is a double chloride of tin and ammonium. It is precipitated us a white ponder, if a 
strong solution of the stannic chloride (bichloride or perchloride of tin, free from nitric acid) is 
mixed with a saturated solution of sal ammoniac. Its uses have not been fully studied. 

Stanuate of soda, otherwise known as preparing-salt, is very extensively used in the steam-style 
of printing, and may also be used in fixing certain dyes, including aniline colours, upon cotton. It 
is generally made according to Young’s process: good tin-ore, i. e. oxide of tin free from certain 
impurities, is heated to about 316° (600° F.), either with caustic soda or with a mixture of nitrate 
of soda and common salt, while a current of steam is passed over the mass. The w hole, when cold, 
is dissolved in water, let settle, filtered, and boiled down. 

To determine the proportion of tin in a sample, weigh out a known quantity, dissolve it in water, 
add a few drops of hydrochloric acid, and place in the solution some pieces of clean sheet zinc. By 
the action set up, the tin is thrown down as a metallic sponge. It is collected, washed in distilled 
water, dissolved in pure hydrochloric acid, and its quantity is ascertained by the method given above 
for tin crystals. 

It is a great mistake to suppose that the comparative value of two samples of stannate of soda, 
or indeed of any other compound, can be ascertained by dissolving equal weights in equal measures 
of water, and taking the sp. gr. by Twaddle’s or Beaume’s hydrometer. Common salt, which 
is sometimes found in stannate to the extent of 28 per cent., raises the hydrometer, though it adds 
nothing to the value of the sample. Many compound stannates have been proposed in which arsenic, 
phosphorus, alumina, silica, and tungsten are used in place of a portion of the tin. Concerning 
these mixtures, the general opinion of the trade is not favourable. 

Zinc Mordants. — The soluble salts of zinc, such as the nitrate, chloride, and acetate, are 
occasionally used in printing, but very rarely as true mordants. The addition of chloride of zinc 
to the crystals, which has been recommended with the view of forcing the tin upon the fibre, has 
not established a success in practice. 

Oeganic Mobdants. — Next come a number of bodies having little in common, save the 
property of fixing colours upon tissues ; but which do not, like the bulk of the substances above 
mentioned (silica and sulphur being the only exceptions), form “lakes,” if brought into contact 
with solutions of colouring matters. Among these bodies, the first to deserve mention is argol, 
otherwise known as tartar, or cream of tartar (potassium bitartrate). This substance, which 
consists of tartaric acid in combination with potash, is deposited from the juice of the grape in 
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wine-tuns, and is sold in various grades of purity as red argol, white argol, grey tartar, and 
crystal tartar. It is very extensively used in woollen-dyeing, along with alum, salts of tin, 
chrome, &c., and would he employed more extensively were it less expensive. The question 
whether tartar is a true mordant, or an alterant — serving to modify rather than to fix colours — ^has 
been debated with some warmth, and is scarcely decided. 

A variety of substitutes for tarteir and argol under such names as pro-tartar, pro-argol, tartar- 
spirits, &c., some of them containing a proportion of tartaric acid, and others being mainly mixtures 
of bisulphate of soda, common salt, &o., have been used more or less ; but their success is by no 
means unequivocal. 

A very important part as mordants is played by the astringents. (See Tannin.) 

The animal mordants are chiefiy albumen, caseine, and gelatine. If applied to linen, cotton, or 
other vegetable fibre, they give it the property of taking up colours in the same manner as is done 
by the animal fibres, silk, wool, &c. The cotton, Ac., is then said to be animalized, and can be dyed 
with magenta, picric acid, Ac., without the aid of any ordinary mordant. In other cases, as in the 
so-called pigment style of calico-printing, the animal mordant in a liquid state is ground up with 
the colour to be applied, printed upon the fibre, and then rendered insoluble by some appropriate 
means. 

Among these animal mordants, the principal place is due to albumen, the finest quality of which 
is white of egg, an article necessarily limited in quantity, and very costly. Albumen from blood, if 
well prepared, can be used for all but the very lightest and brightest colours. It is said that blood- 
albumen, perfectly colourless, and equal to the finest egg-albumen, has recently been produced in 
Germany. The albumen from the roe of fishes, and from certain molluscous animals, cannot be readily 
made available, on account of the difficulty of removing accompanying substances. Albumen in 
its natural state is soluble in water, but is rendered insoluble if heated to 71° (160° F.), a property 
which thus supplies an easy method of fastening it permanently upon the fibre. It is also 
coagulated and fixed by tannin, and by sugar of lead. 

Caseine agrees very closely with albumen in its chemical composition, but differs from it in 
several of its properties. In dilute solutions, it is not rendered insoluble by the action of heat. For 
use, caseine is dissolved in an alkali, generally ammonia, in which case it may be permanently fixed 
upon the fibre by means of evaporation. It is to be regretted that, in an English patent for the 
use of caseine as a mordant, it received the utterly needless and unscientific name of “ lactarine,” 
to which the trade still cling. 

Gelatine or glue in its various forms is also used as a mordant, though it is not well adapted for 
the pigment style of printing. It is generally, when required, fixed upon the fibre by a subsequent 
treatment with some astringent, such as decoction of nut-galls. 

Another class of organic mordants consists of oily or fatty bodies. OU has for centuries been 
found necessary in fixing the colouring-matter of madder (natural alizarine) upon vegetable fibre in 
the brightest and most permanent condition. 

For such purposes, not all oils are suitable, but merely those kinds which are emulsive, i. e. 
which, if shaken up with a solution of pearl-ash or soda-ash, form a white, milky fluid, from which 
the oil does not separate for some time. 

This property can be communicated to oils, otherwise suitable, by the addition of a proportion 
of oleic acid, or by treatment with sulphuric acid, which is afterwards neutralized or otherwise 
removed. Oil mordants are applied to the yam or cloth in the cold by means of padding, the 
goods being then spread out to the air. This alternate process is repeated several times. 

The following method has been recently adopted for preparing an oil mordant for dyeing with 
alizarine. Take 3000 parts of castor-oil and pour into it, in a thin stream, and with continual 
stirring, 650 parts oil of vitriol, in such a manner that the process of mixture may last for 3 hours, 
and that no rise of temperature may take place. The mixture is then left to stand for 12 hours, 
and is next diluted with 3500 parts of waler. Then about 650 parts soda-asb, more or less 
according to its strength, is added by small portions at a time, till the liquid no longer reddens 
blue litmus-paper. In this state, it forms a white emulsion, if shaken up with water. If it is 
desired to avoid this property, ammonia is added by degrees, till a portion of the mixture drawn 
out dissolves in distilled water, without causing any turbidity. It is then allowed to settle, and 
after standing for 12 hours, the oil may be drawn off for use. A deposit of crystals of sulphate 
of soda remains at the bottom of the vat. The product obtained is a sulphoricinoleate of 
ammonia. 

A more complicated process has been patented by Dr. A. Muller-Jacobs, who proceeds as 
follows He heats castor-oil with i its weight of oil of vitriol, poured in as a slender stream. This 
part of the process is conducted in lead-lined iron tanks, traversed by coils of lead piping, in which, if 
needful, ice-cold water can be made to circulate, to prevent heating. After standing for 2-3 hours, 
the mass is diluted with water, and neutralized with a lukewarm solution of soda (28 lb. soda 
crystals to every 10 lb. acid which has been used). This alkaline solution is added very dowly, and 
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with constant stirring. The liquid is then allowed to stand over-night, and the nest morning it is 
found separated from the saline mother-liquid, and is drawn off for use. 

Meantime pjroterebate of soda is prepared by boiling in an enamelled iron vessel 100 parts 
rosin with 250 parts nitric acid, the rosin being added gradually, and in powder. After IJ hour, 
the mass is gradually evaporated, and the residue is heated for | hour to 200°-3 11° (392°-522° F. ) in 
a closed iron vessel. When cold, it is heated with 20-30 per cent, of its weight of oil of vitriol ; 
then, after the lapse of 2-3 hours, neutralized with soda, and the sulphopyroterebate of soda is 
reserved for use. 

To make the oil mordant, equal measures of the sulphoricinoleate and of the sulphopyroterebate 
are mixed, and are at once fit for use. 

The applications of oil mordants, both in dyeing and printing, will be found capable of further 
development. Various attempts have been made to use oils as a medium for the fixation of 
pigments in printing. The difficulty to be overcome is the tendency of the oil to spread in the 
fibre. This is to be prevented, without interfering with its transparency, or darkening its colour. 
O’Neill has obtained very satisfactory results on a small scale, but by processes which he considers 
too delicate and costly for actual practice. 

Soaps are not unfrequently employed for fixing artificial colours upon the fibre, but almost 
invariably in conjunction with ordinary mordants, such as alum, red liquor, or compounds of tin 
and lead. In such cases, the result is that a compound of alumina, lead, or tin, with the fatty 
acids ofthe soap— in other words, an insoluble metallic soap — is deposited upon the fibre. 

Mordants at the best must be regarded as necessary evils. One of the greatest triumphs of 
tinctorial chemistry would be the production of a complete scale of substantive colours, available 
on every kind of fibre. Many steps have already been taken in this direction. W. 0. 

(See Acid [Acetic] — Iron, Acetates of ; Albumen ; Alum ; Alumina ; Dyeing and Calico- 
printing.) 

NARCOTICS (Fb., Narcotiqxies ; Geb., SchlafmitteT). 

The term “ narcotic ” is applied to a class of drugs, which, in medicinal doses, allay morbid 
susceptibility, relieve pain, and produce sleep ; but which, in poisonous doses, create stupor, coma, 
convulsions, and even death. The physiological effects of the various narcotics are always essentially 
different, each possessing its own marked peculiarities. Though the use of narcotics is regarded as 
an indulgence rather than as supplying any real want, it is remarkable that almost every country 
or race has its own, either indigenous or imported, pointing to the universal existence of the 
craving. 

The chief narcotic, because most widely used, is tobacco ; next in order come opium, hemp, and 
coca. These are the most important. Of minor significance, are ava or long pepper, betel-pepper, 
bull-hoof, emetic holly, ledum, pituri, rhododendrons, Siberian fungus, Syrian rue, thorn-apples, and 
tumbeki. All these will be described in alphabetical order in the present article. Another class 
of products possessing narcotic principles, noticed in other portions of this work, are belladonna, 
cooculus indicus, henbane, and lactucarium (see Drugs, pp. 794, 808, 812, and 815) ; and hops 
(see Hops, p. 1130). A fourth series, whose members are too insignificant to warrant any 
description, comprises clary, yarrow, ryle, sweet gale, Armenian azalea, Kalmia spp., Andromeda 
spp., &e. 

Ava, Kava-kava, or Intoxicating Long Pepper. — The leaves of Piper methysticum 
are chewed along with the betel-nut, instead of those of the betel-pepper, in many parts of Further 
Asia. The thick, woody, rugged, aromatic root-stalk, reduced to a pulp, and steeped in water, 
forms an intoxicating yet most refreshing beverage in the South Sea Islands. For its medicinal 
uses, see Drugs — Kava-kava, p. 815. 

Betel-pepper, Betel-leaf, or Pawn. — ^The leaves of Piper IChavica] Betle and P. [C.]S’!Vi6oo 
are used in conjunction with betel-nut as a narcotic masticatory throughout a large portion of the 
East. It is very generally cultivated. The plantations are laid out like bean-fields, the plants 
standing 18 in. apart, and requiring much water. They are trained up poles for the first eighteen 
months, and are then directed around fast-growing young trees, planted meanwhile. The leaves 
are gathered in the 3rd-4th year, and the plants bear for 6-7 years, after which they die. In 
N. India and towards the Himalayas, where the climate is moist enough, the plants are raised 
under sheds, 20-50 yd. long, 8-12 yd. broad, and scarcely 4 ft. high, made of bamboo, wattled all 
around and on the top. Slender rods are provided for them to climb up. This mode of cultivation 
is profitable, and extensively prevails, though twenty-four hours’ exposure to the open air would 
kill the plants. There seems to be much probability that the narcotic effect of betel-chewing is due 
much more to these leaves than to the betel-nut (see Nuts — Areca). 

Bhang, Charas, Ganja, Hashish. — The sap of the hemp-plant (^Cannebis sativd), well 
known in Europe as producing a valuable fibre (see Fibrous Substances, p. 934), contains a 
powerful narcotic principle. This principle is doubtless present to some degree in the plant wherever 
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grown ; but in northern climates, its proportion is so small as to have escaped general observation, 
and that which does exist is very mild in character. In the warmer countries of tlie East, it is 
developed in a marked degree in the flowers, leaves, and young stems of the plant, and is the object 
for wMch the plant is grown. Its cultivation is largely and systematically conducted in the 
districts of Bogra and Hajshahi, north of Calcutta ; even more widely in Turkestan, and most of 
the trans-HimSayan countries ; also in Persia and Turkey, and throughout Mohammedan territory 
generally ; and the use of the narcotic has extended to the Hottentots in S. Africa, the negroes of 
W. Africa, the Indians of Brazil, and the Malaya. It is consumed in one form or another by 
200-300 millions of people, chiefly Mohammedan and Hindu. 

The chief constituents of the commercial narcotic are a resin and a volatile oil. The resin is 
obtained as a brown amorphous solid, and seems to be the seat of energetic action. Its effect is so 
potent that gr. taken internally suffices to produce narcotism, and 1 gr. causes complete intoxication. 
Hr. Preobaschensky states that he has separated the narcotic principle as an alkaloid, and makes 
it identical with nicotine, but his observations do not seem to have been verified. The oil is obtained 
only after repeated treatment of successive quantities of the plant in the same water. Freshly 
gathered plants just after flowering have afforded 0*3 per cent, of this oil, which possesses some 
active properties. The narcotic receives its various names according to the portion of the plant 
which yields it, and the method of preparation. These will now be described. 

Bhang, Seddhi, or Sabzi, consists of the larger leaves, seed-capsules, and small stalks, in a dried 
state, coarsely broken, of dark-green colour, with a few fruits intermixed, of peculiar but not 
unpleasant odour, and almost tasteless. The leaves are gathered before any other portion of the 
plant is harvested ; the stalks, &c., are accidentally present. Locally, it is smoked with or without 
the admixture of tobacco, or is made into a sort of confection, or a cold-water infusion is taken as 
an aromatic beverage. Very large quantities of the narcotic in this form are received into India 
from Turkestan ; it also occurs as a commercial article in the London drug sales. 

Chabas, Churbus, Kirs, or Momeea, are the various names applied to a resin which exudes in 
minute drops from the foliage of the plant. The degree in which this resin is produced varies 
greatly: in India, it is copiously afforded by the plants grown at an altitude of 6000-8000 ft., but 
cannot be obtained from those cultivated in the plains. The plants exhibiting greatest richness in 
this resin in the Laos country of the Malayan Peniusula do not exceed 3 ft. in height, and have 
densely curled leaves. The manner in which the resin is collected is subject to variation. In 
Nepal, it is gathered by rubbing the tops of the plants between the hands when the seeds are ripe, 
and scraping off the adherent substance. This variety is very pure, and is called momeea or “ waxen ” 
cAaras ; it remains soft, even after continued drying. In Central India, men wearing leather aprons 
pass rapidly among the plants, brushing violently against them, by which the resin is detached, 
and caught upon the apron, whence it is periodically removed. The ordinary kind from Cabnl is 
obtained in the same way. In some districts, the coolies dispense with the leather apron, and collect 
the resin upon their naked bodies. In Persia, the plants are pressed upon coarse cloths ; the resin 
is subsequently scraped from these, and melted in a little warm water. Such is the iirs of Herat, 
one of the best and most powerful varieties of the drug. Much resin is dislodged when heaps of 
dried 6Aanp are stirred about ; this is carefully collected, due precaution being observed against the 
effects of the dust upon the human constitution. The best Yarkand c/iaras is a brown, earthy- 
looking substance, in irregular masses, made up of minute, transparent grains of brown resin; 
other specimens appear like a dark, compact resin. Crystalline structure is revealed by the micro- 
scope. However obtained, it is considered a crude form of the narcotic, and is not admitted into 
European pharmacy. In India, it is chiefly consumed by smoking with tobacco. For this purpose, 
very large quantities are exported from Yarkand and Kashgar, througli Leh, into Kashmir and the 
Punjab. Yarkand, in 1867, thus despatched 1830 maunds (116,400 lb.). In 1876, Afghanistan 
sent 86,0001. worth through the Khyber Pass into British India. Kandahar and Samarkand con- 
tribute smaller quantities ; and some seems to be exported from Mandchuria to China. 

Ganja, Ghnjah, or Guaza, the last being tbe corrupted name used by the London drug- 
brokers, is applied to the shoots of the female plant, gathered while in flower or fruit, and drM 
without removal of the resin. In the Calcutta markets, these are sold in bundles, about 3 in. in 
diameter, containing 24 plants. The shoots vary in succulence and in length ; they have a com- 
pressed and glutinous appearance, are very brittle, and brownish-green in colour. Boiled in alcohol, 
ganja yields J of its weight of resinous extract. Its convenience in this respect makes it best 
adapted to the needs of European medicine, and it is therefore the form in which we most generally 
import the drug. In India, it is smoked like tobacco, and often in admixture with it. In Morocco, 
the dried flowers are smoked, under the name of kief. In Africa, it is known as djamba, and is 
found in the markets packed in strips of palm leat or husks of maize, generally about 2 ft. long, 
tied at top and bottom, and at intervals of about 1-lJ in. throughout the whole length of the case. 
When required for use, one division is cut through, and suffices for one pipe. The packages are 
sometimes smaller, and the charges not larger than a marble. 
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Hashish, Dawakke, Madjodh, and El Mogbn, are various forms in which the narcotic is 
prepared. Hashish, which is by far the most common, is made by boiling the leaves and flowers of 
the hemp-plant in water containing a little fresh butter, evaporating down to a syrupy consistence, 
and straining through cloth. The butter extracts the narcotic principle, and assumes a greenish 
colour. The preparation retains its properties for many years, and becomes but slightly rancid. 
For use, it is compounded with confections and aromatics, and forms the basis of the el mogen of the 
Moors, and the davjatnese of the Arabs. The madjoun of Constantinople and Algeria is composed of 
the pistils of the flowers, ground to powder, and mixed with honey and spices. In Central Asia, 
the article occurs in the bazars in the form of cakes of various shapes, mostly 5-15 in. long, 5-10 
in. broad, and 1-3 in. thick, dark-brown externally, greenish internally, firm, very tough, but easily 
cut into shavings. These cakes are prepared from the resinous juice of the fresh, unripe flower- 
tops, collected during spring, mixed with sand and water to a doughy consistence, spread upon a 
clay surface, and dried till cohesive. 

BuU-hoof, or Hutchniaii’s Iiaudantun. — The flowers of Mwrucuja ocellata [^Passiflora Muru- 
cMja] are used in Jamaica, either infused, or mixed in a powder with wine or spirits, as a safe and 
efiectual narcotic. 

Coca, Cuca, or EChoka. — The name “ coca ” is a corruption of the Aymara Indian word 
khoka, which latter might well be resuscitated, in order to avoid the confusion now often made 
between this narcotic substance and the cocoa (cacao), and coco- (coker-) nut respectively. It is 
a product of one species of the genus Erythroxylon, the majority of whose species are natives of 
S. America and the W. Indies, and is called E. Coca, the specific name being derived from the 
product which distinguishes the plant from others of the same genua. It is a shrub or small tree, 
attaining a height of 4-8 ft. (usually about 5-6 ft.), and bearing a general resemblance to the black- 
thorn. It is a native of the tropical valleys occurring on the eastern slopes of the Andes, in Peru 
and Bolivia, and is also found in a lesser degree in Brazil, Ecuador, Venezuela, New Granada 
(Colombia), and Guiana, and is doubtfully mentioned as existing in the W. Indies. At Templado, 
in the Sierra Nevada of Santa Marta, Colombia, large quantities of coca (locally called hallo) are 
grown, and sent to the Goajira. 

In many parts of the Andes, the shrub flourishes in a wild state, but in the inhabited districts, 
it forms an Important agricultural crop, and the steep sides of the valleys, as high up as 8000 ft. 
above sea-level, where the mean temperature is 18°-20° (64°-68® F.), are often covered with cocales, 
or coca-plantations, forming the principal wealth of the settlers. The cultivation is commenced by 
sowing seeds in garden beds (almacigas) at the end of the rainy season (about 1st March in Peru). 
Maize is sown between the rows, to screen the young shoots from the sun, and maintain the soil in 
a moist condition, often the additional care is bestowed of placing arbours of palm-leaves over them ; 
and watering must be attended to if the weather remains dry for a week or so. When 1^2 ft. high, 
and 18 months old, the shoots are transplanted to holes on hill-side terraces, or to furrows on level 
ground. The usual disfemce apart is 18 in. each way. The ground must be carefully weeded. The 
plants thrive most luxuriantly in hot, damp situations, such as forest clearings ; but the alkaloid 
principle for which the leaves are valued is more copiously developed when drier hill-side localities 
are chosen. The first crop of leaves may generally be taken 12 months after the transplantation, or 
in September, when the plants will be 2$ years old. This will be only a small picking; but 
6 months later, the shrubs will be in full beating, and will yield 3-4 crops of leaves yearly, accord- 
ing to the suitability of the locality, and the care taken in watering, &c. Usually there are 
3 pickings — the first and most abundant in March, after the rains, the second in June, and the third 
in September-November. With due attention, the shrubs will continue productive for 40 years. 
Ants appear to be great enemies to them. 

The leaves are narrow, and 2-3 in. long, tapering at the extremities, and of a lively green tint 
when fresh. When ripe, which is known by their cracking or breaking off when bent, they are 
carefully stripped from the branches by women, and sun-dried. The latter operation needs especial 
care. The green leaves (matu) are spread in thin layers on coarse woollen cloths, stretched upon 
prepared earthen or cement floors, after the manner of the “ barbecues ” used in coffee-drying, and 
exposed to the heat of the sun; when perfectly dry, they are pressed into serons, or skin bags. 
Every precaution must be taken to prevent their imbibing any moisture during exposure, and to 
ensure their not sweating either then or subsequently. Well-cured leaves are uncurled, of a deep- 
green colour on the upper surface, and grey-green beneath, with a strong tea-like odour and 
pleasant pungent taste, and produce a sense of warmth when chewed ; inferior ones are dark- 
coloured, with a less agreeable camphoraceous smell, and are almost devoid of the pungent flavour 
and physiological effect. 

About 100 plants are reckoned to yield 1 arroha (say 26 lb.) of leaves at a crop. The total yearly 
produce averages about 800 lb. of dried leaves from an acre ; occasionally it amounts to 50 per cent, 
more, but often also it is much less. Altogether probably 30 million lb. of the dried leaves are 
produced annually, for the consumption of some 8-10 million people ; this implies an area of nearly 
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40,000 acres occupied by the culture. The best districts appear to be the eastern slopes of the hills 
in northern Bolivia. The great centre of production is the province of Yongas,in the Department 
of La Paz, embracing the low tropical region below 5000 ft. A very large trade in the leaves 
is carried on at most of the towns in Bolivia and Pern, but Totoia appears to be the principal 
depot. 

In Bolivia and Peru, the Indians masticate the leaves in combination with an alkaline substance. 
Most commonly, the alkali takes the form of pulverized quick-lime ; hut in Cerro di Pasco, and 
places still further south, this is replaced by the pungent ashes of the quinoa (JJhenopoiium Qumoa), 
and sometimes a little tapioca is added. In Brazil, the leaves are dried, and reduced to powder in 
a wooden mortar along with the ash from the burnt leaves of Cecropia peltata. Occasionally the 
leaves are iufused, and the tea-like beverage is drunk ; but far more generally the compound of 
leaves and alkali is chewed like a quid of tobacco. The physiological effect is stimulating rather 
than purely narcotic, increasing the nervous energy, preventing fatigue, assuaging hunger and 
thirst, and rendering respiration easy at altitudes and under conditions otherwise most trying. It 
is therefore recommended for athletes, and should be invaluable to troops on the march or before 
action. Its use in excess is accompanied by the usual ill effects of too great indulgence in all 
narcotics. The substance is now known in Buropean medicine and commerce. The dried leaves 
suffer much deterioration by the sea-voyage, and give unreliable results ; but the fluid extract pre- 
pared from the fresh leaves, and imported in bottles by Christy & Co., Fenchurch St., seems to retain 
its full virtues. The properties of the plant are due to an alkaloid, called “ cocaine,” which has 
been shown to bear strong analogy to the alkaloids of the dietetic beverages — tea, coffee, cocoa, 
gnarana, &c. 

Bmetic Holly.— An infusion or decoction of the leaves of Ilex vomitoria is the narcotic 
beverage of the indigenes of Florida. Little or nothing is known of its active principle. 

Ledum. — The leaves of the marsh ledum or wild rosemary {Ledum palustre), a heath-plant 
common in N. Europe, were formerly used in Scandinavia and N. Germany, for giving bitterness 
and headiness to malt-liquors. The broad-leaved ledum (£. latlfotium) possesses identical proper- 
ties. In N. America, both are known as “Labrador tea,” and are largely used as a beverage. 
The former is probably the better for this purpose. They deserve further investigation. 

Opium. — This well-known narcotic is the concreted juice obtained from the fruits or “heads” 
of the so-called “ opium-poppy ” {Papaver somniferum), an annual plant of several varieties. The 
principal are : — (1) var. o. setigerum {P. setigerum^s, truly wild form, occurring in the Peloponnesus, 
Htores, Cyprus, and Corsica ; (2) var. /3. glabrum, cultivated chiefly in Asia Minor and Egypt ; 
(3) var. y. album {P. officinale), cultivated in Persia, India, China, &e. The petals of these varieties 
range in colour from white- to red or violet, with generally a dark-purple spot at the base. In 
England, the white-flowered are preferred. The seeds vary from white to slate-coloured. 

The climatic conditions necessary to the successful culture of the poppy for its yield of opium 
are to be found throughout a very wide area, and the collection of the narcotic is possible in all tem- 
perate and sub-tropical countries which are not subject to excessive rainfall. Numerous experiments 
made in England, France, Germany, Switzerland, Italy, Greece, and even Sweden, have proved that 
a rich opium, equal to that of the East, can be produced in most parts of Europe. Grown in moist 
rich ground, in England, the heads attain double the size (3 in.) of those from Asia Minor and 
India. French opium has yielded the highest percentage (22-8) of morphine yet observed • and 
at Clermont-Ferrand, a pure inspissated juice, called “ afflum,” containing 10 per cent, of morphine, 
has been produced for many years. Experimental culture in the neighbourhood of Amiens showed 
that 14,725 capsules incised within 6 days gave 431 grm. of milky juice, affording 205 grm. (47-6 
per cent.) of dry opium, containing 16 per cent, of morphine. 

Opium has been produced in Algeria. The cultivation of the popny is being established in 
E. Africa ; 50,000 acres of land in the Mozambique or Zambezi territory have been sown with the 
best Malwa seed, and a 12 years’ monopoly has been granted to the cultivators. The plants thrive 
well, and their fruits are much larger than in India. In several of the United States, notably 
Georgia, Virginia, Tennessee, and Philadelphia, the culture of the opium-poppy has been initiated. 
The alluvial soils are best. The seed is sown in drills 3 ft. apart, and 12-18 in. between the 
plants, in Jnly-August, the winter having no injurious effect (in Virginia). The ultimate success 
of the industry seems to be regarded as certain by American agriculturists, an excellent product 
having been obtained. The Australian climate seems very well adapted to the growth of the poppy, 
and opium of superior quality has been produced in Victoria ; in 1878-9, 3 acres were occupied by 
this crop, yielding 60,000 heads. 

Production and Commerce. — Vet in spite of the wide adaptability of the plant, and the still wider 
employment of its valuable products, the cultivation has become of importance only in those 
countries which afford land and labour in abundance and cheapness, and where the narcotic is in 
popular use as such. Thus it happens that the commercial production of opium is limited to Asia 
Minor, Persia, India, China, and Egypt. As the varieties of poppy grown, the modes of cultivation 


« 


t 



OPIUM. 


1309 


of the plant, and the preparation and quality of the narcotic product, vary in these several 
countries, it will be convenient to consider each separately in the order jnst mentioned. 

In Asia Minor. — The poppy cultivated in Asiatic Turkey is var. p. glabrum ; its flowers are 
commonly purplish, but occasionally white, and its seeds are coloured white to dark-violet. The 
crop is raised both on the elevated and on the lower lands. None is more uncertain, spring frosts, 
droughts, and locusts causing it frequent injury, and sometimes complete destruction. The soil 
chosen must be naturally rich and moist ; large quantities of manure are required, and the land is 
frequently ploughed till it has attained a thoroughly pulverulent condition. Moisture is indis- 
pensable, but is injurious when in excess. Consequently, after a wet winter, the best crops are 
got on the hilly grounds ; in a dry season, on the plains. The seed, mixed with dry sand to avoid 
casting it too thickly, is sown broadcast. The sowings take place at three distinct periods, the 
objects being to obviate the chance of a total failure of the crop, and to ensure different portions of 
the crop maturing in succession. Without the latter precaution, the labour-supply would be quite 
insufficient ; and even in spite of it, quantities of the drug are wasted when the crop is a full 
one. 

The first and principal sowing, to which somewhat more than a half of the total available land 
is devoted, usually begins after the first winter rains, varying from October till November, and is 
sometimes postponed even later on in the high lands. This sowing is termed giuziruily, or “ winter 
sowing,” and affords the hardiest plants, from their having greater time to establish themselves. In 
fact, no subsequent sowings compensate for the loss of this crop. A second sowing takes place in 
December-Jannary, should the weather be sufficiently mild to encourage it. In favourable years, 
the returns from this sowing (kishmaly) nearly equal those from the winter sowing; but they are so 
uncertain that but little reliance can be placed on them. A third and important sowing is per- 
formed in the spring, February-March. Land is always reserved for this, the yazmaly, as a means 
of partially redeeming any loss entailed by the failure of the giuzmaly ; but exceptionally favourable 
weather is required to make it a success. When delayed by the weather till March-April, it is an 
almost certain failure. The quantity of seed required is estimated at oke (say |-1 Ib.) for every 
toloom (1600 sq. yd.). After sowing, the land is harrowed by means of the rough native implement, 
consisting of a few planks fastened together, and weighted by the driver standing upon it. In the 
early spring, when the plants of the giuzmaly have acquired some strength, hoeing and weeding 
commence, and are continued till the flowering season. These operations devolve upon the women 
and children of the proprietor, almost the whole cultivation of opium in Asia Minor being in the 
hands of a landed peasantry. 

By about the end of May, the plants in the low lands arrive at maturity, and the flowers 
expand ; on the uplands, this does not happen till July, owing to a reduced temperature. Gentle 
showers at this critical period greatly increase the yield of opium. The operation of extracting the 
latter from the capsules or “ heads ” of the plant commences when these are matured. This con- 
dition is reached a few days after the petals of the flowers have fallen off, and is further marked by 
the capsules changing to a lighter green hue. While the capsules are still quite green, and at that 
time about li in. in diameter, they are subjected to incision for the purpose of liberating the juice. 
The operation is performed by drawing a knife around the head, generally at about the centre, and 
extending horizontally over about ^ of the circumference, or carried spirally till- it overlaps Itself 
by about J. This horizontal (or nearly so) incision (Fig. 998) is adopted as affording less trouble in 
scraping off the subsequent exudation, and some assert that it cuts the greatest 
number of the vessels whence the exudation takes place, though experiment 
seems to indicate that no essential difference in the quantity of the product 
can be detected from the various systems of cutting. In all cases, great 
nicety is required to prevent the knife penetrating the interior coating of 
the capsule, and causing some of the juice to flow inside and be lost. The in- 
cisions are made after the heat of the day; on the following morning, the cap- 
snles are found covered with the exuded juice. If there has been heavy dew 
during the night, the yield is greater, but the product is weaker and of dark 
colour ; if dew has been wanting, the yield is less, but the colour is lighter. 

A shower of rain, always possible at this season, is nearly sure to wash away 
the whole crop that had been prepared. Windy weather is prejudicial, causing 
much dust to adhere to the exudation. This latter is removed from the head by scraping with 
a knife, and is transferred to a poppy-leaf held in the left hand. After every alternate scraping, 
the knife-blade is drawn through the mouth, that the saliva may prevent the adhesion of the juice. 
A proposal to substitute a vessel of water for this objectionable practice has not been adopted. 
Usually each head is cut but once ; as each plant, however, produces a number of heads, which 
mature at intervals, the same field needs to be visited a second and third time. As soon as suffi- 
cient of the juice has been gathered on a leaf, a second leaf is wrapped around it, and the cake 
or lump thus enveloped is put for a short time to dry in the shade. No definite size or weight 
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is observed for these cakes, which vary from a few oz. to over 2 lb. ; but in some villages, the 
average is higher than in others. 

The gathered opiiun in the crude cakes passes from the grower to the local merchant. Money 
is advanced by the latter to the former on the security of the standing crop ; and when this crop 
is gathered, the debt has to be liquidated, either (optional with the growers) in money or produce 
at the opening prices. When the crops are all in, the growers and buyers meet before the mudir or 
governor of each district, to “ cut ” or arrange a mutually satisfactory price. Should the price named 
not meet with the approval of the growers, they must either liquidate their debts in money, or bring 
forward other buyers who are ready to redeem their bonds, and take the produce, otherwise the 
grower must accept the prices offered by their creditors. In the event of competition, the parties 
who made the advances are entitled to the preference at the prices named at the meeting. 

The purcliasers receive the opium in its soft, crude, natural state. Occasionally they pack it 
without subjecting it to any sophistication, for conveyance to a sea-port. More generally, however, 
the soft drug is manipulated with a wooden pestle, and powdered poppy-heads, half-dried apricots, 
turpentine, figs, inferior gum tragacanth (often used by the Jews of Smyrna), a compound formed of 
evaporated grape-juice thickened with flour, stones,clay, scraps of lead, &c., are mixed up with it. The 
manipulated article is made into larger masses, which are enveloped in poppy-leaves, and packed in 
cotton bags, sealed at the mouth. These bags are packed into oblong or circular wicker baskets, 
to the weight of 80-100 chequis (130-162 lb.) in each, quantities of the little chaffy fruits of a native 
dock {Rumex ? sp.) being placed between the cakes to prevent cohesion. The baskets are transported 
in pairs on mule-back to the port. On arrival, they are placed in cool warehouses to avoid loss of 
weight, and remain unopened till sold. 

On reaching the buyer’s warehouse, the seals are broken, and the contents are examined piece- 
meal by a public examiner in the presence of buyer and seller. All of suspicious appearance is cut 
out and thrown aside. The examination is not based upon any scientific method ; the character is 
judged only by the colour, odour, appearance, weight, &c., of the sample, but so expert are these 
officials that their estimation is generally very correct. The classification appears usually to be 
three-fold: — (1) “Prime” or yerly, not so much a selected quality as the produce of certain 
(empirically) esteemed localities ; (2) “ current,” the mercantile quality, and constituting the bulk 
of the crop ; (3) chiquinti (chicantee), the inferior article rejected during the examination. A 4th 
quality might include the very bad and wholly spurious sorts. The strength and quality are 
reckoned in carats, 24 carats constituting pure opium ; according to custom, the examiner must 
pass all which reaches 20 carats, consequently a wide difference in quality may actually exist in 
two baskets valued alike. After examination, the tare (including the chaffy fruits used in the 
packing) is taken. The fruits are afterwards returned to the buyer for packing his oases. These 
are made large enough to hold each the contents of one basket. 

The average yield of a toloom of land may be stated at IJ chequU (2-43 lb.) of opium, and 
4 bush, (of 50 lb.) of seed, valuable for the oil (see Oils — Poppy-seed). A good full crop may give 
3-5 chequis, and even 7J is not unknown. The amount produced varies exceedingly on the same 
plot. Thus the actual crops from 1 toloom in 4 different years were 7J, 2J, and 4| chequis respec- 

tively. An estimate of the average expense and result of cultivating 100 tolooms of land with 
opium, supposing labour to be procurable at ordinary wages, would give the subjoined figures: — 


100 tolooms of land — average yield of opium at 1 J chequi a toloom = 150 

chequis, at 80 p 12,000 

Average yield of seed, 4 bush, a toloom = 400 bush, at 20 p 8000 


20,000 

EXPENSES. 

Piasters. 

Tithes, 10 per cent, on value of produce 2000 

Ploughing, 118 days, at 8 p 944 

Manure, 5000 donkey-loads, at 1 p. a load 5000 

Seed, 36 ohes, or 2 bush., at 20 p 40 

Hoeing, weeding, &c., 400 days, at 8 p. 3200 

Making incisions, 200 days, at 8 p. 1600 

Gathering, 100 days, at 8 p 800 

Collecting seed, 100 days, at 8 p 800 

Cleaning, 100 days, at 8 p 800 

Cattle food, &c 240 

15,424 

Average gain to a grower 4,576 
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This statement must be regarded as approximative only. Presuming the grower should send 
..his opium to Smyrna for sale, the cost would be sis follows: — 150 cAesm's, at 80 p., 12,000 p. ; 
packing charges, 20 ; inland duty at p. a chequi, 825 ; carriage, 300 ; loss on money by bills 
2 per cent., 240 ; factor’s commission in Smyrna, 2 per cent., 200 : brokerage, 1 per cent, on 100 p., 
100 ; total, 13,685 piasters. This shows a coat of 91 '23 p. a chequi, to which add 9 p. for shipping 
charges to Europe, making a total of 100'23p. ; or, at the exchange of 110 p. per £ sterling, and 
the usual equivalent per chequi of 1'62 lb., it would cost 11 s. Id. a lb. free on board ; add charges 
in England, insurance, freight, &o., 5d. = 11s. 6d. 

The purest opium is said to be collected at TJshak, Bogaditch, and Simav ; but the pieces are 
small and stick together, which makes them unsightly. The Karahissar produce is reckoned not 
so good, and the pieces are larger. The fancied superiority of the article from certain districts is 
proved to be only partially correct by the fact that the quantity sold under these particular names is 
often 3-4 times as great as the localities could produce. Formerly the only opium-growing districts 
in the interior were Karahissar, Konieh, Yerli, Bogaditch, and Balikesri, and the crop was usually 
about 2500-4000 baskets. The crop of the Karahissar district was estimated to fluctuate between 
the following figures, representing a “ good fair ” and a “ full ” crop respectively : — Karahissar, 
400-500 baskets ; Afion Oassaba, 50-100 ; Sandukli, 200-250 ; Sitchanli, 60-80 ; Karamuk, 25-30 ; 
Tzai, 30-40; Bolavadin, 50-00 ; TJshak, 250-400; Ishikli, 100-200; Ekme, Takmak, Coullah, 
100-200 ; Tzal, Baklan, 80-100 ; Simav, Gbediz, Enebvassi, Taouchanli, 200-250 ; Kutayah, 
40-50 ; Boladitch, Eskihissar, 30-50 ; Ak Shair, 250-300 ; Yalavatch, 250-300 ; Karagatch, Sparta, 
Bourdroun, 150-200; total, 2265-3110. The largest quantities are now produced in the north- 
western districts of Karahissar Sahib, Balahissar, Kutaya, and Kiwa (Geiveh), the last on the river 
Sakariyeh, running into the Black Sea. These centres send a superior quality by way of Ismid to 
Constantinople, the beat it would seem from Bogaditch and Balikesri, near the Susurlu river. The 
chief northern centres are Angora and Amasia. In the centre of the peninsula, TJshak and Afion 
Karahissar are important localities, as well as Isbarta, Buldur and Hamid farther south ; the 
product of these places is concentrated at Smyrna. The export of opium from Smyrna was 
5650 cases, value 784,5001, in 1871. Samsoon, in 1878, exported 19,865 kilo., value 31,7841, to 
Turkey (Coustnntinople), and 1667 kilo., value 30001, to Great Britain. The crop of 1879 was an 
average one, amounting to about 5200 chests in Asia Minor. The cultivation has extended into 
several new districts in Anatolia ; also in Tliessaly, where very superior qualities are produced. 

The names and qualities of opium as classified at Smyrna am as follows: — Bogaditch, Yerli, 
Karahissar, common, talequale, and chiquinti. It is bought and quoted at so many piasters 
(“good money,” i. e. in silver medjidies at 20 p.) the chequi. The approximate relative values may 
be given as : — “ Karahissar,” last year’s crop, 250 p. a chequi ; yoghourtna, good quality, 225 ; 
yoghourma seconds, 210 ; talequale and chiquinti, mixed, 220. Since 1868, when the crop was 
very short, the demand has rapidly increased; in 1877-8, the consumption in America and on 
the Continent reached 6900 baskets, and in 1878-9, 6300. This fact has induced a widely 
augmented cultivation. The production in baskets, and price (min. and max.) in piasters a chequi, 
during the last 10 years, have been as follows : — 1870, 4600, 250-285 ; 1871, 8500, 130-200 ; 1872, 
4400, 160-220; 1873, 3200, 165-260; 1874, 2500, 130-274; 1875, 6300, 122-115; 1876, 3250, 
137§-190; 1877, 9500, 122J-138 ; 1878,6100,120-145; 1879,4200,135-250. 

The first baskets of opium reach Smyrna at about the end of May or beginning of June, but it 
• is not safe to effect any shipments before the month of August, for the following reasons : — ( 1 ) too 
fresh opium is liable to get heated, (2) the chiquinti is not so easily detected, and (3) it suffers a loss 
of weight. Apart from agricultural causes, the crop of opium depends in a great measure upon the 
prices ruling at the close of a season, which influences the area of land sown ; after a large crop, 
with low prices, a small crop, with high prices, is almost sure to follow, and vice versa. The best 
time for purchasing is, as a rule, at the commencement of a season ; with a small crop, however, the 
chances are often most in favour of the buyer at the end of a season, prices being affected towards 
the close by the coming crop. 

“ Turkey,” “ Smyrna,” or “ Constantinople ” opium, the produce of Asia Minor, occurs in com- 
merce in the form of indefinite masses, which, according to their softness, become more or less 
flattened, many-sided, or irregular, by mutual pressure in the packing-cases. The most usual 
weight is J-2 lb. but it is governed by no rule, and varies from 1 oz. to more than 6 lb. The 
exterior is coated with fragments of poppy-leaves, and strewn with the dock chaff before mentioned, 
and is thus rendered sufficiently dry to bear handling. The consistence is such that the substance 
can be readily cut by a knife and moulded by the fingers. The interior is moist and coarsely 
granular, varying in colour from light-chestnut to blackish-brown. Fine shreds of the epidermis of 
the head are easUy visible. The odour is peculiar, but not disagreeable ; the flavour is bitter. 

In Persia. — The variety of Papaver samnijerum grown in Persia is 7 . album (P. officinale), having 
ovate-roundish heads, containing white seeds. It is cultivated principally in Yezd and Ispahan, 
and partly in the districts of Khorasan, Kerman, Pars, and Shuster. The opium produced in Yezd 
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is conridered better than that obtained in Ispahan and elsewhere, owing to the climate and soil of 
the former place being better adapted for the growth of the drug. But the district of Yezd, not- 
withstanding the existence of a large cultivable area, is not capable of any considerable extension of 
the cultivation of opium, owing to the insufficiency of the means, both natural and artificial, of 
irrigation. Ispahan, however, differs from Yezd in this latter respect, as it abounds in streams and 
rivers, and is capable of greater extension of the cultivation of the drug. But the cultivation of 
cotton and cereals takes up a large part of these resources, and tends in no small degree to reduce 
the culture of opium. A few years ago, the profits of opium having attracted the attention of the 
Persians, almost all available or suitable ground in Yezd, Ispahan, and elsewhere, was utilized for 
its cultivation, to the exclusion of other produce. It was then supposed that opium cultivation 
would be indefinitely extended in Persia, but circumstances eventually showed that such could not 
be the case. These attempts, combined with drought and other circumstances, resulted in the 
famine of 1871-2. The costly experience then gained has made the Persians more careful in 
appropriating space for the cultivation of opium, yet it is being yearly extended to fresh districts, 
and about Shiraz and in Behbehan is now occupying much of the land. 

Prom a consular statement of the fluctuations of the annual estimated produce of opium in 
Persia from the year 1868-9 to 1874-5, it appears that the largest product of any one year did not 
exceed 2600 oases, an inappreciably small quantity, and in 1874-5, it had fallen to some 2000 cases. 
In the following year, there was a further decline, the exports amounting to about 1890 cases. 
Since 1876-7, however, a reaction seems to have taken place ; in that year, 2570 cases were exported 
from Bushire and Bunder Abbas alone. In the early part of 1877-8, the probable yield of the crop 
was estimated at 3500, but the actual number exported from Busbire and Bunder Abbas amounted 
to 4730 cases. In the year 1878-9, the amount produced was stated to have been 6700 cases, while 
5900 were shipped from these ports. The probable yield of the crops of the year 1879-80 was 
estimated to be as follows : — Khonoar, about 950 eases ; Kerman, 300 ; Yezd, 1000 ; Ispahan, 
2400; Nereez, 400; Shiraz, 1300; Kazran, 100; Shuster, 100; making a total of 6530 eases. In 
addition, about 300 shah mans, or say 550 cases, were expected to come to Yezd from Herat, making 
the whole stock about 7100 cases. 

The values (in rupees) of the opium exports from Persia during the year 1879 were: — From 
Bushire : 1,50,000 to England, 2200 to Zanzibar, 50,00.000 to China, total 51,52,200 ; from Lingali : 
50 to the Arab coast of Persian Gulf, and Bahreiu ; from Bahrein : 50 to Koweit, Busrah, and Bagdad. 

The system of cultivation does not call for any special remark ; but it may be noted that the 
incisions in the heads are made in a vertical direction with diagonal branches. The crop comes to hand 
in May-June, and the greater part of the opium finds its,. way to the shipping-ports between Sep- 
tember and January following. Since the attention of Persian merchants was attracted to the trade, 
about 25 years ago, there has been, with two or three exceptions, a gradual annual Increase in the 
production of the drug, though not to such an extent as to be prominently noticeable. Now, the 
cultivation of the poppy and exportation of opium through Bushire and Bunder Abbas increases 
rapidly ; the returns from Bushire for 1878 show an increase in value over the previous year of 
1,754,000 rupees, the quality being also very superior to that of previous years. Great care is now 
taken to prevent adulteration, the chests containing the opium being occasionally examined by 
experts. When the Persian opium trade was in its infancy, the drug was sent in sailing vessels to 
Java, and thence re-shipped in steamers for Singapore and Hong Kong. The Dutch Government, 
however, having imposed restrictions at Java, Aden was subsequently selected as a port of trans- 
shipment, and later Suez, at which port no duty is levied for trans-shipment. The Persian Steam 
Navigation Co. now send occasional steamers from the Gulf to Galle for conveyance of opium, when 
a sufficient quantity is collected. 

The strongest opium, called teriak-e-arabistani, is obtained in the neighbourhood of Dizful and 
Shuster, east of the Lower Tigris. Good opium is produced also about Sari and Balfarnsh, in the 
province of Mazanderan, as well as in the southern province of Kerman. The lowest quality, which 
is mixed with starch, &c.,’ and sold in light-brown sticks, is made at Shahabdulazim, Kashan, and 
Kum. Quantities of opium are collected in Khokan and Turkestan. About 100 cases of opium 
in cakes are brought annually from Herat to the Yezd market. From Yezd also, a quantity of opium, 
prepared in the shape of small sticks and cylinders, is sent to Herat for consumption there. The 
whole produce of Ispahan and Fare is carried to Bushire. The produce of Khorasan and Kerman is 
taken to the Yezd market, and this, together with that of Yezd itself, is sent partly to Bushire and 
partly to Bunder Abbas. The Shuster opium is sent through Mohammerah direct, and sometimes 
vik Bushire to Mussah for transmission to Zanzibar, but a part of it is supposed to be smuggled into 
the Indian frontier provinces via Mekran and Beloccbistan. Small quantities of opium are said to 
be grown in Teheran, Tabreez, and Kermanshah, but these mostly find their way to Europe via, 
Turkey, Smyrna being the port where it is mainly taken to, and where it is mixed with the local 
drug, and forwarded to the Continental markets. Some Persian opium is carried overland to China 
through Bokhara, Khokan, and Kashgar ; but the bulk now goes by sea. A considerable portion 
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leaves the connby by way of Trehizonde and Samsoon, principally for Constantinople, where it is 
worked up in imitation of the Asia Minor article, and adulterated ; the remainder comes directly to 
Great Britain. 

About five-sixths of the total produce of Persian opium is intended for China. The drug suitable 
for that market being required to be fine, prepared with oil, and not rich in morphine, permits 
of its being swelled up with foreign substances, and thus adulterated as far as premticable, while 
precluding discovery by the mode of testing or “ touching ” used in China. It is said that pure and 
superior opium, though not so finely manipulated, has been rejected in China, while the fine opium, 
containing admixtures, has found favour and fair market. The preparations made for the China 
marts being, say, of a quality of 80 touch (containing 80 per cent, pure juice and 20 per cent, foreign 
substance) yield 9-10 per cent, morphine. Persian opium for the Chinese markets, where it is now 
assuming great impoitance, is made up in cakes, varying in weight from | lb. to li lb., and 
in number from 96 to 192 or more, and these are packed in fig or vine leaves, and sometimes in poppy 
seeds or stalks, into cases containing each lOJ-11 shah mans — a shah man (or more properly, iatman-i- 
shah') being equivalent to about 13J lb. The object in so packing in cases, as regards the weight, 
is that the contents, after the loss caused by drying up in course of transit, calculated at 5-10 per 
cent., may realize at its destination (China) 1 picul (133| lb.). Another reason is that the weight 
is arranged for convenience of carriage by pack animals. 

The drug despatched to London occurs in various forms, the most typical being a short rounded 
cone, weighing 6-10 oz. Sometimes it is met with in flat circular cakes, IJ lb. in weight. It is 
usually of firm consistence and good odour, and of a comparatively Ught-brown tint internally, the 
surface being strewn with fragments of stalks and leaves. Some is collected with the aid of oil, as 
in Malwa (India), as attested by the greasiness of the cone, and the globules of oil displayed on 
cutting it The beat samples give S-lOf per cent, of morphine, reckoned on the opium in its moist 
state. Very inferior, or almost altogether spurious, samples also come into this market occasionally ; 
thus some of a soft, black, extractiform character has given only J-3 per cent, of morphine, reckoned 
in the moist ; and some very pale, in small sticks, wrapped in papers, afforded but 0 • 2 per cent. 

In India. — The kind of poppy generally cultivated in India is the same as in Persia, P. somni- 
ferum var. y. album (P. officinale), with] white flowers and white seeds ; but a red flowered and 
black-seeded kind is met with in the Himalayas. The principal opium-producing region of 
British India lies in the central tract of the Ganges, embracing an area about 600 miles long and 
200 wide, and bounded by Dinajpur (Dingepore) in the east, Hazaribagh in the south, Gorakh- 
pur (Goruekpore) in the north, and Agra in the west, thus including the flat, populous districts of 
Behar and Benares. In 1874, 330,925 acres in the former, and 229,430 acres in the latter, were 
under poppy-cultivation. The next important region embraces the broad table-lands of Malwa, 
and the slopes of the Vindhya Hills, in the dominions of the Holkar. According to one authority, 
the kind of poppy grown here is var. fl. glabrum, as in Asia Minor and Egypt. The regions just 
indicated collectively afford the chief supplies of the drug obtained in India, and their products 
are commercially known as “Patna,” “ Benares,” and “Malwa,” respectively. 

Outside these extensive regions, the amount of land under poppies is relatively very small, 
though on the increase. The plant is grown for its narcotic throughout the plains of the Punjab, 
but less commonly in the N.-W. provinces. In the valley of the Bias, east of Lahore, it is 
cultivated up to an altitude of nearly 7500 ft. Most of the outer districts grow the poppy to a 
certain extent, and produce a small quantity of indifferent opium for home consumption. But the 
drug prepared in the Hill States and in Enin, is of excellent quality, and forms a staple article of 
trade for the re^on. Opium is also produced in Nepal, Bassahir and Eampur, and at Doda 
Kashtwar, in the Jammu territory, at the base of the Himalayas, south and south-east of Kashmir. 
Prom these districts, it is exported to Yarkand, Khutan, Aksu, and several Chinese provinces, — to 
the extent of 210 maunds (16,800 lb.), in 1862. 

The opium industry in Bengal is completely under the control and monopoly of the Govern- 
ment. The districts producing the narcotic are divided between two agencies — one, the more 
important, for Behar, and having its head-quarters at Patna; the other, for Benares, at Ghazipur. 
Within these districts, anyone who chooses may engage in opium-culture, but is under an obliga- 
tion to sell the produce exclusively to the govemmeut agent, at a price fixed beforehand by the 
latter. This price is approximately 3s. fid. a lb., the article being sold by the government at about 
11s. a lb. The profit realised by the government is thus enormous ; but the peasant is well and 
fully remunerated by the price he receives, and engages in the culture solely of his own free will. 
The system has been called oppressive, but is really paternal ; with greater freedom to the culti- 
vators, probably over-production and loss would soon result. 

In Malwa, the opium is free-grown, and is of immense importance to the people, giving a value 
to the land which no other crop can equal. Thus, while wheat and other cereals in the best soil 
pay 12 a. — 3 r. a beegah, land under poppies gives 16-20 r. and even 40 r., and in unusually 
advantageous positions, up to 60 r. a beegah. The produce is subjected to a heavy duty on entering 
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British territory. Formerly, Indore was the only place at which scales were established for 
levying this duty; but since the opportunity has been afforded of paying duty at Ujjani, Jaora, 
and tjdepur, and the facilities of railway transit from Indore and IJjjani, the export has increased 
at the rate of 500 chests a month. The product goes to Bombay for shipment. Opium grown in 
the Bombay Presidency is subject to the same dues as that from Malwa. 

The poppy is a delicate plant, and liable to many injuries from wind, hail, and unseasonable 
rain. Of late years, the Indian plantations have snifered from blight. Moist and fertile soil is 
indispensable; it was said in 1873 that the ground devoted to poppy-culture in Bengal was 
becoming impoverished, and that the plants no longer attained their usual proportions. Successful 
trials have been made of the effect of interchanges of seed between the agencies of Behar and 
Benares; but the experiments with Persian and Malwa seed resulted in failure. 

The cultivation and preparation as conducted in Bengal are as follows : — The lands selected for 
poppy-culture are usually in the vicinity of villages, where the facilities for manuring and 
irrigation are greatest. On a rich soil, the cultivators often take a crop of maize or vegetables 
during the rainy season, and after its removal in September, prepare the ground for the poppies. 
Elsewhere, the poppy-crop is the only one taken throughout the year, and from the commencement 
of the rains in June-July, till October, ploughing, weeding and manuring are successively carried 
on. The final preparation, in Ootober-November, consists in loosening the soil with a plough, 
and subsequently breaking down the surface to a fine condition by dragging a heavy log over it. 
The feed is then sown broad-cast about the lst-15th November. After 3-4 days, the plough is 
passed over to bury the seed, and the surface is again levelled by means of a heavy log. It is then 
divided into square beds, measuring about 10 ft. each way, and with little channels between for 
purposes of irrigation. The amount of irrigation necessary depends upon the season : if some 
heavy showers fall in December-February, two irrigations may suffice ; but in a cold season with 
little or no rain, it may need repetition 5-6 times. The seeds germinate in 10-12 days. After the 
plants have reached a height of 2-3 in., they are carefully weeded and thinned. In favourable 
situations, they vegetate luxuriantly, commonly attaining a stature of 4 ft. About 3J months are 
required by the plant in arriving at maturity, the cultivation being restricted to the cold season, 
November-March. During growth, the plant has to contend with several enemies. It may be 
nipped by unusually severe frosts, or may be stnuted through the failure of the first sowings, or 
through great heat and deficient moisture. The roots of many plants are attacked by a vegetable 
parasite, a species of broom-rape called tokra (^Orobanche indica). Another fatal disease, termed 
murka, is attributed to an infusorial worm, which corrodes the tender roots. Khurka is a kind 
of blight arising from sudden excessive damp. 

Towards the middle of February, when the plant is in fuU flower, and just before the time for 
the fall of the petals, these are carefully collected. They are then formed into circular cakes, 
10-14 in. in diameter and in. in thickness, in the following manner : — A circular shallow earthen 

or iron vessel is heated by inversion over a slow fire. A few petals are then spread upon its 
heated convex surface, and as soon as their glutinous juice exudes, others are added to the moist 
surface, and pressed down by means of a cloth. This process is repeated with more layers, until 
the cake has reached the desired dimensions. These cakes 
of petals, technically known as “ leaves,” on reaching the 
opium factory, are sorted into three classes, according to 
size and colour. The small and dark-coloured “ leaves ” 
are used in forming the inner portions of the shells of the 
opium cakes, while the largest and least discoloured are 
reserved for the outside coverings. 

A few days after removing the petals, the poppy- 
heads or capsules are fully developed, and the collecting 
of the opium commences, lasting in Behar from 20th 
February to 25th March, in Malwa, March-April. The 
scarification of the capsules takes place at 3-4 p.m., and is 
performed by means of nushiurs, bunches of (3-5) forked 
blades, about 6 in. long, and increasing from J in. wide at 
the handle-end, to 1 in. at the blade (Fig. 999). The 
sides of the fork are sharpened and slightly curved. 

The blades are bound together with cotton thread, which is at the same time passed between them, 
BO as to separate the cutting-ends by about ^ in. The protrusion of the points is limited to about 
^ in., which thus determines the depth of the incision. Only one set of points is used at a time, 
and the incisions are made vertically, from base to summit, usually along the eminences un the 
outside of the capsule, which mark the attachment of the internal dissepiments. This is supposed 
to be the most effective way of scarifying ; but in some parts of Bengal, horizontal incision are 
adopted, as in Asia Minor. The number of incisions (2-6) varies with the size of the capsule, and 
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2-3 days are allowed to alternate. A little milky-white juice exudes almost immediately, and 
quickly becomes coated with a slight pellicle, from the solar heat. The exudation, evaporation, and 
inspissation of the juice continue throughout the night, and are affected by the same causes as 
elsewhere, already noted. The collection of the juice takes place early on the morning following 
the scarification. In Bengal, it is performed by a small sheet-iron scoop (seetoaK), which is twice 
drawn briskly upwards over each incision, and is occasionally emptied into an earthen vessel carried 
for the purpose. In Malwa, a flat scraper is used ; attached to the upper part of the blade, is a 
small piece of cotton soaked in linseed-oil, with which the thumb and the edge of the scraper are 
occasionally smeared, to prevent adhesion of the juice. This lowers its quality. A still worse 
practice is the use of water for the same purpose. 

The stems and leaves of the poppies are left standing after the removal of the seeds and 
capsules, till perfectly dried by the hot winds of April -May, when they are gathered, and crushed 
into a coarse powder, termed “ poppy-trash,” used in packing the opium cakes. The collected juioe> 
as brought home, consists of a wet, granular, pinkish mass, beneath which collects a dark coflee- 
like fluid, termed pasewa or pussemah. The whole is placed in a shallow earthen dish, tilted so that 
all the pasewa may drain off, for the latter injures the physical qualities of the opium, causing it to 
look black and liquid, while it gives the drug an artificially high assay when tested by evapora- 
tion. It is set aside in a covered vessel until taken to the factory. Meantime the more consistent 
portion, forming the opium proper, is exposed to the air in the shade, and regularly turned over, 
in order to ensure its thorough desiccation. This is continued for 3-4 weeks, or until it has reached 
within a few degrees of the standard consistence, which, in Benares, is a residue of 70 per cent, 
after evaporation at 93J° (200° F.). The price paid to the cultivator for his opium is regulated by 
this standard. On reaching the factory, it is turned out of the pots, and weighed in wide tin 
vessels (tagars) in quantities not exceeding 20 lb. It is then examined by a native expert 
(^purkhea) as to impurities, colour, texture, fracture, aroma, and consistence ; and a weighed sample 
is evaporated to dryness in a plate on a metallic surface heated by steam, for final determination 
of the value. The grosser adulterations are mud, sand, powdered charcoal, soot, cow-dung, 
powdered poppy-petals, and various powdered seeds. All these are physically discoverable by 
breaking up the drug in cold water. Flour, potato-fiour, ghee, and goor (crude date-sugar), are often 
used : their presence is revealed by the odour and consistence they impart. Many vegetable 
juices, extracts, pulps, and colouring matters are occasionally added, e. g. the inspissated juice of 
the prickly pear, extracts from tobacco, stramonium, and hemp, gummy exudations, pulp of the 
tamarind and bael-fruit, and catechn, turmeric, and mowha flowers. The examination of the drug 
in a physical manner for the detection of these impurities is the only kind necessary, as the 
commercial criterions of its excellence are colour, aroma, and texture ; the intrinsic value, i. e. the 
proportion of narcotic alkaloids present, is less regarded by the buyer. 

When weighed into store, the opium is kept in large wooden boxes, holding about 10 owt. ; if 
below the standard, it is occasionally stirred up, to favour its thickening ; and if very low, is placed 
in shallow wooden drawers, and constantly turned over. Whilst keeping, it beeomes coated with 
a thin blackish crust, and deepens in colour according to the degree of exposure to air and light. 
From this general store (malkham'), it is taken daily, in quantities of about 250 maunds (of 82f lb.), 
for manufacture into "cakes.’* Various portions are selected (by test assay) so as to ensure the 
mass being of the standard consistence, and these, weighing exactly 10 seers (21 lb.) each, are 
thrown promiscuously into shallow drawers, and rapidly and thoroughly kneaded up together. 
The mass is filled into boxes, all of one size, from each of which a specimen is drawn and assayed. 
The mean is taken as the average. Before evening, these boxes are emptied into wooden vats, 
20 ft. long, 3J ft. wide, and IJ ft. deep^ and the 
opium is further kneaded and mixed by men 
wading knee-deep through it from end to end, 
till the consistence appears uniform. 

Next morning the mannfacture of the cakes 
commences. Fach cake-maker sits on a wooden 
stand, and is provided with a brass cup and a 
graduated tin vessel (Fig. 1000). The “ leaves ” 
for forming the shells of the cakes are weighed out 
over-night, tied in bundles, and damped to make 
them supple ; and boxes are provided containing 
kwa, for agglutinating the “ leaves ” to form the 
shells of the cakes. This lewa consists of an admixture of inferior opium,pase!ca, and the washings of 
vessels that have contained good opium, forming a semi-fluid paste of such a consistence that 100 gr. 
evaporated to dryness at 93 j° (200° F.) leave 53 gr. residue. The lewa, “ leaves,” and opium are 
accurately weighed out for each cake. In his brass cup, the operator rapidly forma the lower 
segment of the shell of the cake, pasting “leaf” over “leaf,” till a thickness of | in. is reached, 
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and allowing a certain free portion of the most external “ leaves ” to hang down aronndand over 
the sides of the cup. The cake of opium brought from the scales is now inserted, and held away 
from the sides with the left hand, while one “leaf” after another is tucked in, well smeared with 
lewa, and imbricated one over the other, till the circle is completa The free portions of the 
“leaves ’’left hanging over are drawn up tightly, and the opium cake is well compressed within 
the easing. A small aperture remains at the top ; this is closed by adding more “ leaves,” and 
finally the cake is completed by applying a single large “ leaf ” to the entire exposed half. The 
finished ball or “ cake ” resembles a Dutch cheese in size and shape. It is rolled in a little finely 
powdered poppy-trash, which adheres to its surface, is at once placed in a small earthen cup of the 
same dimensions as the brass cup used in shaping it, and is carried out and exposed in small dishes 
to the sun. It is so exposed for three days, and is meantime constantly turned and examined ; 
should it become distended, it is opened to liberate the gas, and again tightly closed. On the third 
evening, still in their earthen cups, the cakes are placed on the “ frames,” — open battens allowing 
free circulation of air. I’he operation thus far is terminated by the end of July. The constituents 


of the average perfect cake are : — 

Standard opium 1 seer 7 • 50 chittaks. 

Lewa 3‘75 „ 

“ Leaves ” (poppy petals) .. .. 5-43 „ 

Poppy-trash O’ 50 „ 


2 seers I ’ 18 chittaks = 4 lb. SJ oz. 


The number of cakes made by one man in a single day is about 70, though some can turn out 
90-100. After manufacture, the cakes require much attention, and constant turning, on account of 
the mildew which attacks them. This is removed by rolling and rubbing in dry poppy-trash. 
Weak places are also looked for, and strengthened with extra “ leaves.” By October, the cakes are 
perfectly dry to the touch, and hiirly solid ; they are then packed in chests, furnished with a double 
tier of wooden partitions, each tier with twenty square compartments for the reception of so many 
cakes, which latter are steadied and packed around with loose poppy-trash. The chests must be 
most carefully kept from damp for a length of time; but ultimately the opium in the cake ceases 
to yield any more moisture to the shell, and the latter acquires extreme solidity. Each case contains 
120 eaftfes (about 160 lb.). The foregoing remarks refer exclusively to the Government-prepared 
opium for the Chinese market, which includes the great bulk of the entire product. 

Bengal opium intended for internal consumption, and known as dbkari opium, is prepared in the 
following manner : — It is inspissated by exposure to direct sun-heat till its standard is 90 per cent., 
and its consistence resembles wax. It is then moulded into square bricks weighing 1 seer each, 
which are wrapped in oiled Nepal paper, and packed in boxes furnished with compartments for their 
reception. Put up in this way, it has not the powerful aroma of the “ cake ” drug, but it is more 
concentrated, and more easily packed. It is sometimes also made into flat square tablets. 

In Malwa, the cultivation and preparation of the drug are entirely in the hands of the natives. 
The details of cultivation are much the same as in Bengal ; not so the preparation. The crude 
exudation (chicK), as collected, is thrown into an earthen vessel, and covered with linseed-oil (2 parts 
oil to 1 part chick'), to prevent evaporation. In this state, it is sold to itinerant dealers. Quantities 
of 25-50 lb. are tied up in double bags of sheeting, which are suspended from the ceilings, out of 
the light and draught, while the excess of oil drips through. This operation terminates in 7-10 
days, but the bags sue left for 4-6 weeks, by which time the oil that has not escaped has become 
oxidized and thickened. The whole process lasts from April till June-July, when the rains begin. 
The bags are then taken down, and their contents are emptied into shallow vats, 10-15 ft. across 
and 6-8 in. deep. Here the drug is worked up with the hands for 5-6 hours, untU its colour and 
consistence are uniform, and its toughness enables it to be formed into balls of 8-10 oz. These, as 
formed, are thrown into a basket containing chaff of the seed-pods. They are then rolled in leaves 
and stalks of the poppy, left there for a week or so, and turned over occasionally till hard enough 
to bear packing. In October-November they are weighed, sent to market, and packed in chests, 
about 150 balls in each, the weight of each chest being as nearly as possible 1 picul (133i lb.). 
The petals and leaves of the plant are used in packing the balls in the cases, but are not form^ 
into “leaves” for enveloping the balls as in Bengal. The quality of Malwa opium is very 
uncertain, and much inferior to the Government-prepared article. The production is said to be 
about 20,000 chests annually. 

The exportations of opium from India during the last quarter of a century, divided into 
quinquennial periods, have been as foUows 1854-5 to 1858-9, 74,239 chests annual average, 
7,884,6111. average aggregate value (1061. a chest); 1859-60 to 1863-4, 68,119 chests, 10,608,648l! 
(1561. a chest); 1864-5 to 1868-9, 81,976 chests, 10,898,5421. (1331. a chest) ; 1869-70 to 1873-4, 
87,840 chests, 11,722,1111. (1331. a chest); 1874-5 to 1878-9, 92,797 chests, 12,175,6961. (1311. a 
chest). The lowest aggregate value reached during this period was 6,200,8711. in 1855-6, the 
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quantity being 70,626 chests. The highest aggregate was 13,365,228i. in 1871-2, being 93,364 
chests. The figures for 1878-9 were 91,200 chests, 12,993,979/., being a decrease caused by 
deficient crops in Malwa. The export trade is pretty equally divided between Bombay and 
Calcutta, and is mostly in Jews’ hands in hoth places. The bulk goes to Hong Kong, and the 
largest proportion of the remainder to Singapore. The exports in 1880 were 144,638 cwt. ; of this, 
59,633 chests went to Hong Kong, 35,202 to the treaty ports, and 10,586 to Singapore. 

In China. — The kind of poppy grown in China seems to be the same as that cultivated in Persia 
and India — P. somniferum var. y. album {P. officinale). Though the production of Chinese opium is 
now considerable, and is, moreover, increasing in a very rapid manner, the chief interest concerning 
the drug in China has hitherto been centred upon its consumption. The inhabitants of that empire 
consume not only the whole quantity produced within their own boundaries, but are also customers 
for about 90 per cent, of the total Indian crop, besides drawing considerable supplies from Asia Minor 
and Persia. It is computed that 30 per cent, of the native male population throughout China are 
addicted to the use of the narcotic, and in the opium-producing districts, the proportion is increased 
to' 50 per cent. Few moderate smokers consume more than 1 1 lb. in a year, while occasional smokers 
do not take more than 1 oz. or so. The most immoderate scarcely require more than 4 lb., so that 
the approximate average all round may be taken at about } lb. a head for all classes of smokers. 
The native production is estimated at about 5,000,000 lb. annually, and the excess demand is sup- 
plied by importations of about 12,000,000 lb. This being so, the fiourishing success of the opium 
industry in India, &c., may be said to depend absolutely upon the maintenance of the trade with 
China, and this again upon the conditions governing the extent to which the Chinese may or can 
become their own producers. This subject will receive attention presently. It will be convenient 
first to consider the modes of cultivating the poppy and preparing its narcotic, as practised by the 
Chinese, so far as they are known. 

In the northern provinces, the cultivation of the poppy requires the richest soil and the utmost 
care. The plant can be successfully raised only on the terraced slopes, or on the most fertile bottom- 
land, which allows of thorough irrigation, and which is adapted for the cultivation of wheat and 
garden-stuffs. In the southern and central provinces, on the other hand, the soil is so rich and 
fertile that the most suitable lands for poppy-culture are the terraced hill-sides, where the effects of 
the heavy rains are less felt than in the lowlands. The seed is sown during November. The 
blossoms appear in April, and mature within a month, thus leaving the ground free for a summer 
crop. Before the poppies have seeded, an intermediate crop of wheat, maize, cotton or tobacco is 
put in, the poppy-stalks being cleared off in time to avoid interference with the up-coming shoots. 
The yield is very uncertain and quite dependent upon the weather, 1 man (say ^ acre) will give a 
value of 6-11 taeh (of 5s. lOd.), according to the season, which is a much higher return than can be 
got from any other crop. For the collection of the opium, the heads are incised, much the same as 
in India, by a three-bladed lance, in a aeries of 3-5 vertical wounds, and the exuded juice is scraped 
off, and transferred to a small pot hanging at the waist. Of the subsequent manipulation for the 
market, little is known, beyond the fact that it is usually sun-dried to a certain consistence, and 
either mixed with the imported drug, or adulterated with liquorice, inspissated sesamnm-juioe, &o. ; 
sometimes it undergoes both operations. 

In entering upon a consideration of the circumstances surrounding the present and future pros- 
pects of the opium trade with China, the order most readily followed by the reader wUl perhaps be 
that of the Treaty Ports where the trade is carried on, commencing with the southernmost : — 

(1) Kiungchow Foo, in the island of Hainan, province of Kwangtung.— The imports in 1876 were 
520 piculs (of 1331 lb.), value 65,050/. In 1877, they were as follows : — Malwa, 320 piculs, 48,667/. ; 
Patna, 388 piculs, 51,013/. ; Benares, 16J piculs, 2091/. And in 1878 : Malwa, 242J piculs, 42,795/. ; 
Patna, 731 piculs, 95,985/.; Benares, 47 piculs, 6125/. In 1879, the imports were: — Malwa, 98J 
piculs, 18,409/.; Patna, 992i, 133,300/.; Benares, 27, 3114/.; total, 1117, 155,123/. The chief 
feature is the increase of Patna at the expense of Malwa, mainly due to difference in price. The 
Hainanese have not acquired a taste for Benares, which is used only by emigrants returning from 
the Straits Settlements. The increase observable in the figures quoted does not imply a greater 
consumption, but a larger proportion brought by steamer. The total importation from Hong Kong 
is estimated at 1200 piculs yearly for distribution over the north of the island and the southern 
coast of Leichow. The southern and eastern portions of the island draw their supplies from Singa- 
pore : the quantity cannot he estimated. As yet, no Yunnan, Kweichow, nor Szechuan opium has 
reached Hainan. 

(2) Pakhoi, province of Kwangtung. — The only kind of Indian opium imported is Benares, 
of which the annual receipt is 300-400 chests. Native opium grown in the neighbouring (western) 
province of Yunnan is for sale, but is little used ; its price is about that of Indian. Kwangse 
province, intervening, consumes very little Indian, drawing its principal supplies from Yunnan, and 
growing some itself. The flavour of the native drug has such a hold, that it will hardly be deserted 
for the dearer foreign article. 
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(3) Canton, province of Ewangtnng.-The optan imported here in foreign ves^h. is very ^all. 
the n^ of the city and district being snpplied through Swatow. where the Nation is much le^ 
The foreign imports in 1876 were :-Malwa, 239pic«?s: Patna, 211 piculs; and in 1877 121i and 
202i respectively. During the past few years, the consumption of Yunnan, Kweichow, and Szechuan 
native opium has largely increased here. In 1878, the imports of Patna inere^ to 671^ p,cuis 
mainly owing to the levying of a tex on aU opium prepared in the prefecture of Kwangchow, aM 
which is not expected to survive long. Still, in 1879, the imports of Patna increased to 113^ 
piculs, whUe Malwa fell to 58i; the latter wiU probably soon disappear altogether ftom the 

(4) Taiwan island of Pormosa, province of Fuhkeen (Fokien). — Opium is not grown, nor is 
Chinese opium much used here. The few lb. of the latter occasionally brought from Wenchow 
scarcely find purchasers. The imports and re-exports (in piculs of 1334 ll>-) foreign opium here 
for the years 1869-79 are shown (omitting firactions) in the annexed table:— 


Imposts. 


Total 


Nett Total 


Years, 


Patna. 


Persian. 


Malwa. 


Turkey. 


Re-Exports.: 


Total. 


Imports. 


1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 


1038 

1259 

1342 

1203 

1370 

1414 

1547 

1403 

1721 

1480 

1884 


161 

102 

232 

372 

341 

730 

354 

370 

177 

38 

86 


342 

372 

438 

417 

296 

502 

752 

803 

1325 

1435 

1331 


”2 

”9 

"e 

117 

9 

20 

71 


12 


2 

1 

2 

85 

138 


1541 

8 

1733 

2 

2026 

53 

1993 

52 

2016 

64 

2645 

142 

2661 

61 

2693 

35 

3233 

65 

3059 

206 

3510 

123 


1533 

1731 

1973 

1941 

1952 

2503 

2600 

2658 

3168 

2853 

3387 


The main features of this table are the enormous increase in Persian, and the decline in Malwa 
and Patna. The Persian is in great favour with the poor and hard-working colonists, and is largely 
imported for land transport to the north of the Island, where the taxation is much heavier. Even 
Benares seems in danger of being driven out by Persian. Patna and Malwa will probably soon 
vanish from the returns, while Turkey shows a tendency to grow. 

(5) Tamsui and Kelung, island of Formosa, province of Fuhkeen (Fokien).— The poppy is now 
grown near Oulan, on the seaboard to the south, and at two inland places, near the Tokoham 
river within about 30 miles of Tamsui ; the production is quite inconsiderable, and the consump- 
tion principally local. But there is a large consumption of native opium, grown partly in 
Szechuan and Yunnan, and partly in the neighbourhood of Kingpo and in the provinces of 
Chekiang and Fuhkeen. It would seem that the largest quantities come from Ningpo and Chin- 
chew the inland produce arriving entirely from the former. The proportion of this article as 
compared with foreign is said to be as 1 is to 5, so that the total imports of native opium in 1877 
may have been 400 piculs (of 1334 lb,). There is thus a large (and increasing) consumption of the 
native drug ; but its harshness, disagreeable flavour, and deficiency in strength cause its use alone 
(unmixed) to be confined to the poorest and lowest classes. The native article occurs in three 
qualities, two of which even the poorer people will not smoke nnmixed. The proportions of admix- 
ture with Indian opium vary in different localities : at Bangka, and the larger towns on the W. 
side of the island, the usual ratio is 1 part native to 6 parts Indian ; at Suao, and on the E. coast 
generally, half of each is adopted by the better classes, while for the lower classes, the proportion 
of native is probably greater. The annexed table shows the imports of foreign opium (in piculs of 
J 334 lb., neglecting fractions) in the years 1873-9 : — 


Description. 

1873. 

1874. 1 

1875. 

1876. 

1877. 

1878. 

1879. 

Benares 

1404 


1194 



1398 

1799 

Malwa 

3 



9 

1 


, , 


109 

286 


115 

72 

25 


Persian 

191 

158 

271 

284 

455 

514 


Turkey •• 



8 

13 


12 


Total 

1708 

1706 

1579 

1862 

I 1937 

1949 

2164 


From this, it will be seen that the consumption of foreign opium is increasing ; at the same time, 
will be noticrf the decrease in Indian, and rapid increase in Persian. This latter is largely used 
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alone, and also in admixtnre with Indian, on the score of economy. It is not considered likely that 
Persian will ever snpplant Indian entirely ; but its consumption may he expected to increase in a 
higher ratio for some time to come. 

(6) Amoy, province ^f Fuhkeen (FoHen). — ^The poppy is cultivated in the neighbourhood ; but the 
production of native opium does not as yet seem to affect the foreign importations, as the imperfect 
system adopted in its preparation renders it far inferior in quality and flavour. The nearest native 
opium gardens are just outside the district city of Tnng-ngan. The crop is sown yearly in 
Deoemter-January, and gathered in early April. The yield of the harvest gathered in 1879 
was 221 piculs, which was all consumed in the vicinity, except some 10-20 piculs that reached 
Amoy without paying lUkin, In 1878, 1 picid of Szechuan opium, value 87/. was imported and re- 
exported. The imports and re-exports of foreign opiums in the same year, stated in pic«/s of 
133^ lb. were as follows: Patna: imports, 2113}; re-exports, 386}; Benares: imports, 3092} ; 
re-exports, 1613 ; Malwa : imports, 1 ; Persian ; imports, 965} ; re-exports, 636 ; Turkey : imports, 
74f ; re-exports, 26; total: imports, 6247 -15 piculs, value 957,285/.; re-exports, 2661-21 piculs, 
value, 276,819/. In 1879, the imports were :— Patna, 279,360 lb., 199,632/. ; Benares, 608,480 lb., 
422,751/. ; Persian, 99,179 lb., 81,688/. ; Turkey, 2993 lb., 2462/. ; total, 990,012 lb., 706,033/. 
The re-exportation is almost entirely to Formosa, which trade is being gradually assumed by Hong 
Kong. The import trade is still chiefly in European hands, but is passing into Chinese. 

(7) Foochow (Fnh-chow-Foo), province of Fuhkeen (Fokien). — The growth of the poppy is 
slowly but steadily increasing in the districts of Fuh-tsing, Fuh-ngan, and Tung-ngan. The pro- 
duction of opium is small as yet, and chiefly for local needs ; in Fuh-tsing, it does not exceed 6 piculs 
(of 133} lb.) yearly ; in Fuh-ngan, about 10 ; and in Tung-ngan, 4. It is used in admixture with 
the stronger Indian drug, and its consumption is almost confined to the poorest classes. The native 
opium that finds its way into Foochow and the immediate neighbourhood comes from Wenchow and 
Tai-chow, in the adjoining province of Chekiang. The production there is said to amount to 
2000 piculs yearly, but there is nothing to show what proportion reaches Foochow. The wealthier 
classes are likely to continue the use of the Indian drug, from force of habit, and preference for the 
superior article ; but the native drug being much cheaper, easier to get, and less potent, will increase 
in favour with the rema inin g population. Hitherto, the commerce in Indian opium has not been 
seriously affected by the competition of the native product. The imports of Malwa were 2506 piculs 
in 1876, 1855} in 1877, and 1479} in 1878 ; of Patna, 1587} in 1876, 1320} in 1877, and 1725} in 
1878 ; of Benares, 141} in 1876, 187} in 1877, and a little more in 1878. The import of Persian in 
1878 showed an increase of 628 piculs over the figure for 1877. The figures for 1879 are : — Malwa, 
1609} piculs ; Patna, 1768| ; Benares, 375} ; Persian, 519. The native drug consumed was 
estimated at about 1000 piculs. 

(8) Kewkeang (KiuMang), province of Keangse. — A little native opium is produced in the 
centre of the province, about Kianfu, and is all consumed locally. The consumption of Szechuen 
native opium in this province seems to be limited to about a dozen chests annually. The annexed 
table shows the comparative imports (in p/cu/s of 133} lb.) of foreign opiums in the years 1868-78. 



1868 . 

1869 . 

1870 . 

. 1871 . 1 

1872 . 

1873 . 

1874 . 

1875 . 

1876 . 

I 1877 . 

1 

1878 . 

1 

1879 . 

Malwa . . 
Patna .. 
Benares 1 
Peraan / 

1910} 

! 12 

1 

1895 

8} 

2 

2077} 

6 

27 

1 

2047} 

1919} 

13} 

2 

2.349}| 

16} 

2889} 

! 15} 

1 2231} 
8} 

6 

1 

2037 

41 

1 

1845 

4i 

li 

1 

1475 

8} 

170 

I960 

6 

204 

Total 

1923} 

1905} 2110}’ 

1 ! 

20631 

1934} 

2366}! 

i ! 

2905 

2246 

20421 

1 1 

1852 

i 

1653} 

2170 


The diminution in total is due to the competition of neighbouring ports where the duties are 
less, rather than to reduced consumption in the province. The striking increase in Persian is 
ascribed to its low price. 

(9) Wenchow, province of Chekeang. — Large districts are under poppy-culture in this province. 
The production of native opium in the Wenchowand Taichow prefectures in 1877-8 was : — Taichow 
prefecture, 1500 piculs; Wenchow prefecture : Yungchiachan, 600 ; Pingyang, 350 ; Yoching, 350 ; 
Hsichi, 400 ; Nanchi, 300 ; Massu, 700 ; grand total, 4200 piculs. In 1878-9, about 20 per cent, 
more land was planted, and the season was so favourable that the crop was expected to reach 
8000 piculs. The native opium is used in and about the producing districts in an almost liquid 
state when exposed to the air ; after keeping for a time, it dries up considerably, and loses as much 
as 35 per cent, by weight. It is said to possess little more than half the strength of Indian ; but is 
more easily prepared, and much cheaper. Its liability to lose greatly in weight is likely to confine 
its use principally to the producing districts. Abundant crops and correspondingly low prices will 
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caxise it to be largely eonsnmed in admixture with Indian. The product supplies a great part of 
the adjoining province of Fuhkeen (Fokien), and is taken also to Formosa, Shanghai, &c. The 
direct importation of Indian opium here is much crippled by the competition of Ningpo and 
Shanghai. In 1878, it amounted to 3 piculs of Malwa and 11 of Patna ; yet the consumption in the 
town alone was 50 chests Malwa, and 90 cheats Patna. In 1879, the recorded imports of Patna 
were 57 j piculs. 

(10) Ningpo, province of Ghekeang. — ^The native drug from the Wenchow and Taichow pre- 
fectures is brought to this city in a fluid state, in small earthen jars containing 2-4 lb., and a market 
for its sale is held at stated periods at one of the city gates. The export through this city of native 
opium produced in those portions of the provinces of Anhui (Gan-hwuy) and Kiangsu north of the 
Yangtse-kiang, is on the increase. In 1879, some 300,000-400,000 lb. of native opium came on the 
market, but this is probably leas than half the total product of the province. Indian opium will 
always be preferred by those who can afford it ; but Persian and other cheaper kinds are expected 
to almost monopolize the market in the near future, unless the prices of Indian are much reduced. 
The nett imports of foreign opiums (in piauls of 133^ lb.) in 1877, 1878, and 1879 respectively, were 
as foUows Malwa, 7642, 6518, 6768 ; Patna, 204, 400, 486 ; Benares, 183, 170, 302 ; Persian, 30, 
163, 94. 

(11) Hankow, province of Hoopih (Hupeh). — Native opium is largely used in this province. It 
comes chiefly from Szechuen, but the Yunnan article is considered superior. The dealers from 
Shansi province visiting Hankow smoke Yunnan opium, and take it home with them, as in Shansi 
and Kansuh provinces poppy-culture is now prohibited. The quantities (in piculs of 133^ lb.) of the 
native product (a) imported and (6) re-exported, on which taxes were paid, were as follows : — 1875, 
a 1600i, h 893| ; 1876, a 2888, b 1696i ; 1877, a 1684J, h 1108 ; 1878, a 2531, b 881. The imports of 
foreign opiums (a, Malwa ; 6, Patna and other kinds), in piculs of 133i lb. for a series of years have 
been as foUows 1867, a 4072, b 169 ; 1868, a 2770, b 99 ; 1869, a 3415, 6193; 1870, a 3473, b 206 ; 
1871, a 2988, b 156 ; 1872, a 2285, 5 115 ; 1873, a 2811, b 162 ; 1874, a 2717, 5 133 ; 1875, a 2160 
b 158 ; 1876, a 2017, b 172 ; 1877, a 2274, b 201 ; 1878, a 1905, b 218J. In 1879, the imports of 
foreign were : — Malwa, 2678J piculs, 403,5342. ; Patna, 579i, 66,6112. ; Persian, 36, 32812. The 
exports of native were 120 piculs, 65282. 

(12) Ichang, province of Hoopih (Hupeh). — The poppy is cultivated in this province, and a 
district called Chiao-t’u has a local reputation for its opium, to which it gives its name ; but the 
chief consumption is of the Yunnan drug. Nevertheless, native officials admit that 2000 picuis are 
produced annually in the province, chiefly in the hUly country about Patung. Foreign opium is 
yet scarcely known, and does not figure at all in the official Betums, though it is occasionally 
smuggled. 

(13) Shanghai, province of Kiangsu (Keangsoo).— In 1877, the local consumption of native 
Szechuen opium was estimated at above 200 piculs a month ; in 1878, not more than 20 piculs 
monthly were imported. The yield of the Szechuen crop in 1878 was placed at 50,000 piculs, 
and of the Yunnan at 15,000. Formerly, the northern province of Shensi (Shanse) was 
reckoned to afford 30 per cent, of the total native product, but since the famine, poppy-cultivation 
has been somewhat rigidly prohibited in Shensi, Honan, and Chihli. The Shensi drug was 
esteemed the best, having a flavour resembling Patna, and giving 85-90 per cent, on boiling. 
Yunnan is classed second, and Szechuen tliird. It is broadly estimated that about half the Yunnan 
product is consumed locally, and that the other half is exported to and through the adjacent 
provinces of Kwangtung, Kwangse, and Kweichow. Of the Szechuen crop, about 25 per cent is 
kept for local consumption, 40 per cent, goes to the northern provinces, and 35 per cent is disposed 
of to the provinces watered by the Yeangtse-kiang. The imports of native opium into Shanghai in 
1878 were 798 piculs of Szechuen, and 0 • 69 piculs of “ prepared.” The re-exports were 35| piculs of 
“ husk” (to Chinese ports), 65 picuis of Szechuen (total), and IJ piculs “prepared” (to Chinese 
ports). 

The commerce in foreign opiums at this port in the years 1878 and 1879 is shown in the 
annexed tables. The imports (in piculs of 133| lb.) were as foUows : — 



i 1 

1 From foreign countries, j 

From Hong Kong and 
Chinese ports. 

Total nett after 
deductii^ re-exports. 

1 1878. 

1879. 

1 1878. 

1879. 

1 1878. 

1879. 

Malwa 

Patna 

Benares 

Persian .. ♦. 

Turkey 

28,020 
10, 208 J 
6,435i 
l,679i 
21i 

32,500 

12,174i 

7,633J 

2,321J 

875 

63i 

62| 

267 

1 

l,453i 

107 

5 

221 

1,803 

8,525 

5,157J 

1784 

21 

1,794 

9,454| 

5,5721 

218| 
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The re-exports and their d^tinations in 1878 were as follows : — 



Newhcwatig. 

Tientsin. 

Chefoo. 

Hankow. 

Kewkeang. 

Wuhu. 

Chinkiang. 

Ningpo. 

Wenchow. 

Foochow. 

60 

1 

O 

W 

Total. 

Malwa .. 

Patna .. 
Benares 

Persian .. 
Turkey . . 

783 

54 

36 

53 

•• 

3381i 

225) 

34i 

397 

3456i 

444 

14o| 

111 

1833 

2244 

33 

1594 

84 

177 

22794 

34 

*53 

87684 

7474 

936 

664 

47234 

400| 

192 

1904 

1 

11 

84 

2414 

30 

5 

20 27,092 
.. I 1,747| 
.. 1 l,340i 
76ii l,760i 


There was a further re-exportation of 8 piouls of Persian to London. The Persian opium in the 
Shanghai market is eompeting moat successfully with Indian, not for local consumption, but for 
re-export chiefly to Chiukiang and Tientsin. In consistence and flavour, it much resembles Malwa. 
The parcels of it imported in 1877 were adulterated with sugar, &c., and of irregular shape ; but 
in 1878, a marked improvement took place both in manipulation and purity. The imports of 
native opium in 1879 were 117i picids of Szechnen, and 1 J of prepared. 

(14) Chinkiang, province of Kiangsn (Keangsoo). — ^This port ranks next to Shanghai in the 
importance of its opium-trade, and takes about ^ of the whole foreign opium sent to China. The 
imports of native opium here were 48 piculs in 1877, and 76 in 1878. In the latter year, the price 
advanced, in consequence of poppy-culture being prohibited in Hsuchow, and other places. The 
importations of foreign opiums (in piculs of 133^ lb.) in 1877, 1878, and 1879 respectively, were as 
follows:— Malwa, 9782, 8639, 8144; Patna, 506, 737, 875; Benares, 479, 936, 1357; Persian, 32, 
645, 721 ; totals, 10,709, 10,957, 11,097. The totals for the three previous years were 10,964, 11,758, 
and 10^649. Malwa is rapidly giving way to Persian, the latter being so much cheaper — 25-40 
per cent. The native opium imported through the foreign custom-house in 1879 amounted to 
19 piculs. 

(15) Chefoo, province of Shantung. — The poppy is cultivated in the Tsaochow department ; but 
the yield of opium is small, and none seems to be exported. The trade in foreign opiums at this 
port is much influenced by the native crops in the provinces of Shensi and Shingking (Liaotung). 
The culture of the poppy is prohibited here, but in regard to the latter, the prohibition has always 
been a dead letter. In Shensi, it has been at least partially enforced since the famines, and 
considerably lessened production in Shantung, Shensi, and Honan provinces may be expected for 
some years to come. The competition of the native article caused a decrease in the importations of 
foreign from 565,137 lb. in 1872, to 326,037 lb. in 1877. In 1878, the native Shingking (Liaotung) 
crop failed, and this, combined with the partial enforcement of the prohibition in Shensi, caused a 
great recovery in the foreign trade, the imports for that year reaching 505,618 lb. In 1879, the 
prohibitions against native opium-growing were more rigidly enforced, yet tbe consumption of 
foreign suffered a decline ; the total foreign nett import was 471,566 lb., contributed thus — Malwa, 
2996J piculs; Patna, 50 Benares, 330| ; Persian, 159. The great increase in Persian is the 
most notable feature. 

(16) Tientsin, province of Chihli. — The trade here is similarly affected by the native production. 
The Peking consumption consists of about -jL Malwa, and native, the latter chiefly from Honan, 
Szechnen and Yunnan provinces. Honan, in 1877, only yielded about 30 per cent, of this, while in 

1876, its production was 50 per cent., and the price was about 25 per cent. less. The nett import of 
Malwa opium in 1877 was 3769 piouls, and Bengal and other varieties brought the total of foreign 
to 4034 piculs, showing an increase on the previous year of 323 piculs in Malwa, 14 in Benares, and 
37 in Persian. This rise was due to exceptional circumstances, and the figures cannot be main- 
tained when Honan resumes the culture. Peking alone consumed 1800 piculs of Indian opium in 

1877, one-third of which was smuggled in. Tbe duties on foreign brands are just about double 
those on native. The nett imports of foreign in 1878 and 1879 respectively (in piculs') were : — 
Malwa, 3530i, 4189i ; Patna, 164J, 373i ; Benares, 21^, 66 ; Persian, 291, 553. In addition, 280 
of Malwa, 6 of Patna, and 61 of Persian, were re-exported. The growth in Persian is remarkable ; 
it is almost entirely used for adulterating Malwa, being mixed with it to the extent of 30 per 
cent. 

(17) Newchwang, province of Shingking (Liaotung). — ^The production of native opium in many of 
the districts northward and eastward of this port is rapidly increasing. In the immediate neighbour- 
hood of Newchwang, and from Naichow all round the coast, the poppy is grown only in gardens, 
and for domestic use. The soil is stony and nnsuitcd, and the greater part of the native opium 
there consumed is brought from inland districts. But the culture is so general in most parts of the 
province of Fengtien, that it is said to occupy 80 per cent, of the total agricultural area. In many 
parts of the provinces of Kirin (Girin) and Tsitsikhar (Tsi-Tsi-Har), in E. Mongolia, notably and 
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for ft long time past in the district lying on the right bank of the Sungari, in the angle formed by 
the reaches of that river, above and below its junction with the Nonni, B. and S.-E. of Petuna 
(Bodune), a daily increasing production is taking place. In Bussian Mandchuna, in the strip of 
country lying on the sea-board between the Amur and Corea, the poppy is not grown, and no opium 
is admitted into that territory. The large and increasing production in the districts named, 
whither numbers of Chinese colonists had emigrated witli the sole object of poppy-growing, the 
industry there being altogether free and untaied, was gradually driving all foreign competitors out 
of the markets of N. China ; but in 1879, official prohibitions were so rigorously enforced in Kirin 
and Pengtien, that the crop was only i of the average. The imports, in piculs of 133J lb., in the 
four years 1876-9 respectively, were: — Malwa, 2236, 988, 1112, 2141; Patna, 28, 36, 57, 98; 
Benares, 37, 43, 27, 62 ; Persian, 2, 31, 25, 151. 

There are now two other treaty ports to be taken into account, viz. (18) Wuhn, province of 
Anhui, and (19) Macao, province of Kwangtung. The imports of foreign opium at the former in 
1877, 1878, and 1879 respectively, stated in piculs, were: — Malwa, 1157, 2324J, 3036| ; Patna, 2J, 
2J, 9J ; Benares, nil, nil, 2i ; Persian, 2, 54, 92J. Almost half the total is consumed in the 
city itself. No native drug seems to be imported, the Indian being adulterated with Persian. Macao 
imported 5000 chests of crude Patna in 1878 ; in 1879, a factory was started for preparing the drug 
for export to California and Australia, and the future imports will probably increase immensely. 

From a review of tlie foregoing details, it seems that certain Chinese provinces, notably 
Szechuen, Kweichow, and Yunnan, are serious competitors in the production of opium, while 
Shensi, Shantung, and N.-E. Mandohuria are rapidly becoming formidable. On the other hand, 
the increase must be determined by the area of land which can be spared from food-crops for the 
purpose, and this, judging by the recent famines, cannot be indefinitely great. Moreover, the 
superiority of the foreign drug is everywhere acknowledged, price being the only bar to its very 
mnch wider use. The consumption of the various kinds is curiously marked by distinct zones. 
Thus along the coast, as far north as the Yangtze-kiang, excluding the neighbourhood of Ningpo, 
Bengal is chiefly in favour, mostly Patna, but Benares in Fokien and Formosa ; to the north and 
west, including part of Kwangtung, Kwangse, Kiangsi, Anhui, the N.-E. provinces, and Shingking, 
Malwa is consumed to the almost total exclusion of Bengal ; whilst northward and westward again 
of this line, the native article stands first. Each kind of opium has special characteristics, which 
commend it to the natives of certain districts. The Bengal drug — Patna and Benares — is 
considered mild, is well prepared and genuine, is preferred by all refined smokers, and is apparently 
best suited to the relaxing climate of the southern portions of the empire. Those accustomed to it 
will not exchange it for other kinds unless compelled to do so ; but they will mix inferior sorts with 
it to reduce the nett cost. Malwa is esteemed strong, fiery, and irritating to the nervous system, 
being a much cruder drug, yet far inferior to the best native ; it is being largely replaced by the 
local product. This last, the native article, has aU the bad qualities of Malwa intensified. The 
harshness is appreciated by the natives of the colder districts, and in those parts where the Tartar 
element predominates. As the taste becomes educated, preference is manifested for the superior 
article ; and there is no doubt that, by judicious regulation of the prices, Indian producers can 
always command a very large market. 

In Egypt. — The variety of poppy grown in Egypt is the same as that cultivated in Asia Minor. 
The production of opium is said to be in the hands of the Government, and to be restricted to the 
actual requirements of the sanitary establishments. On the other hand, it is openly exported. 
The cultivation is carried on in Upper Egypt, near Esneh, Kenneh, and Siout, where about 
10,000 acres were said to be occupied by it in 1863. The capsules are incised in March, by drawing 
a knife twice round them transversely ; the concreted juice is scraped off next day by a scoop-knife, 
collected on a leaf, and placed in the sun to harden. With due care, the product is of sufficiently 
good quality, containing 10-12 per cent, of morphine ; but the plants are usually grown in too 
moist soil, and the scarification is often prematurely performed, and these circumstances combine 
with wilful adulteration to reduce the morphine to 3-4 per cent, on the average. The drug occurs 
in European commerce in the form of hard, flattish cakes, about 4 in. in diameter, covered with 
fragments of poppy leaf, but free from Bunwx chaff. The fractured surface is finely porous, and 
dark liver-coloured, and reveals shiny imbedded particles and reddish-yellow points, besides 
occasional starch granules. In 1872, the United Kingdom imported 9636 lb., value 50231., of opium 
from Egypt ; in 1879, the values of the total Egyptian exports were— to Italy, 9901. ; France, 6301. ; 
Greece, 5401. ; Turkey, 1501. ; total, 23101. 

Preparatim and Use. — ^As a narcotic, opium is used one of three ways : — (1) Swallowed in the 
form of pdls, or (2) as a fluid tincture ; (3) smoked in pipes. The first practice prevails mostly in 
Asia Minor and Persia, the second is that usually adcq)ted by Christians who become addicted to it, 
the third is general among the Chinese, Malays, &c., who consume about ^ of the whole world’s 
production. The Chinese, before smoking the opium, subject it to a process of extraction in water. 
This is largely done in Hong Kong and in the opium- vessels. The Bengal opium as- received is 


OPIUM. 


1323 


iCTioved from the outer covering of poppy-traafi, &c., moistened, and allowed to stand for about 14 
honrs. It is then placed in shallow pans made of some copper aUoy, built into furnaces, and heated 
by charcoal fires ; 2J cakes of opium and 10 pints of water go into each pan, being boiled and occa- 
sionally stirred till a uniform thin paste is produced, occupying 5-6 hours. This paste is transferred 
to a larger pan, and the bulk is made up to 3 gal. by adding cold water ; it is covered, and left for 
14-15 hours. A bunch of vegetable pith used for lamp-wick is then inserted into the mass, the pan is 
tipped, and a rich, clear, brown fiuid is drawn off and filtered through bamboo paper. The residue 
is put on a calico filter, and thoroughly washed with boihng water, the wash-water being reboiled 
and repeatedly used. The last washing is done with pure water, and all the washings are used for the 
next day’s boiling. The residues are transferred firom the calico filters to a larger one, and are well 
pressed ; the insoluble residue, called nai chai (“ opium dirt ”), is mostly sent to Canton, where it is 
used in the manufacture of inferior “ prepared ” opium. The filtrate or opium solution is evaporated 
at the boiling point, with occasional stirring, till of the proper consistence, requiring 3-4 honrs. 
It is then removed from the fire, and stirred vigorously till cold, the cooling being hastened by 
fanning ; when cold, it has the consistence of thin treacly extract, and is known as “ prepared ” or 
“ boiled ” opium. It is kept for some months before acquiring prime condition, and is then sent out 
sealed up in small pots. 

The Chinese recognise four grades of opium: — (l)The “raw” as imported ; (2) “prepared,” 
as just described ; (3) “ dirt,” the insoluble residue after exhaustion in water ; (4) “ dross,” the 
scrapings from the pipe, being the unconsumed ash, which is re-manufactured as a second-class 
“ prepared ” opium, being about 50 per cent, of the amount placed in the pipe for smoking. In 
China, the pipe is prepared by placing a little pill of the drug upon a needle, so that it rests 
exactly over the central hole in the pipe-bowl ; a lamp is then applied to ignite it, and the vapours 
are drawn deeply into the chest, and slowly exhaled through the nose and ears. In Borneo, Java, 
and Sumatra, the liquid extract is mixed with finely chopped tobacco and betel-nut tiU absorbed, 
and pills of this ate placed in the pipe. 

Nature and Properties . — Opium contains no less than 17 distinct alkaloids, in very variable 
proportions, but two only are of importance in determining its value as a narcotic : these are 
morphine (C,, H,, NO,), the more valuable ; and narcotine (C,j H,, NO,). Of European opiums, 
some French samples have given 22 ’88, 21 ‘23, 20 ‘67, 17 '6, 17 ’5 and 14 ‘96 per cent, of morphine 
respectively; German specimens afforded 20, 12-15 (Wiirtemberg) and 9-10 per cent. (Silesia). 
A pure American opium, from Vermont State, showed 15'75 per cent, of morphine, and 2 per cent, 
of narcotine. The Asia Minor article resembles the European : the maximum recorded is 21 ■ 46 per 
cent., while the mean of 8 samples was 14 '78, and of 12 others, 14 ’66 per cent. ; from several oases 
of Smyrna opium, 12-13 per cent, of pure morphine was got from the fresh, moist drug ; and of 92 
other specimens, one half yielded over 10 per cent., and the richest was 17 • 2 per cent. Thus it may 
be assumed that good Turkey opium dried at 100° (212° F.) should give 12-15 per cent, of morphine, 
and that less than 10 may indicate adulteration. The Persian drug is extremely unequal from 
adulteration, but sometimes very good ; four samples have given 13 '47, 11 -52, 10-12, and 10-08 
per cent, of morphine; and other samples undried, 8-10-75 per cent. The Indian opiums are 
remarhable for their low percentage of morphine, doe probably to the long period during which 
the juice is kept in a moist state, not less than to climatic influences. Samples of Benares opium 
gave only 2-48, 2-38, 2-20, and 3-21 per cent, of morphine. Khandesh specimens showed 6-07 and 
7 per cent. Patna garden opium, prepared exclusively for medicinal use, afforded 8 - 6 per cent, of 
morphine and 4 per cent, of narcotine, while another sample gave 7-72 per cent, of morphine. 
Various other samples of Indian opiums yielded the following percentages of morphine : — M^ical, 
4-3; Behar garden, 4-6; Abkari, 3-5; Sind, 3-8 ; Hyderabad, 3-2 (and 5 - 4 narcotine) ; Malwa, 
6-1. Chinese native opimns are as a rule about the same, thus Szechuen, 2-2 ; Kweichow, 2-5 - 
Yunnan, 4-1; Kansu, 5-1; another Szechuen sample, 3-3; and another from Kweichow, 6-1; 
whilst one Chinese specimen, undried, afforded 5-9 per cent, of morphine, and 7-5 of narcotine 
A sample of Egyptian opium yielded 5-8 per cent, of morphine and 8-7 of narcotine. The propor- 
tions of narcotine in opiums differ quite as much. A German sample gave 10-9 per cent. ; some 
Turkish and Persian specimens varied from 1-3 to 9-9 per cent. The Khandesh (Indian) opium 
previously mentioned gave 7-7 per cent.; and E. Indian Government opium frequently contains 
twice as much narcotine as morphine. In the practical estimation of the value of an opium, by the 
British pharmacist, the only conditions considered are the percentages of water and of morphine. 
(See Alkalies [Organic] — Morphine, p. 231). 

The value of opium in medicine is unquestioned. With regard to its use as a narcotic, great 
efforts have been made by a few well-intentioned but ignorant people to procure its annihilation. 
But though the abuse of the drug leads to evil consequences — by no means equalling, however, those 
of the abuse of alcohol in this country — its moderate use is extremely beneficial, if not absolutely 
necessary, in the malarial climate of China, where almost the whole is consumed, and the immunity 
of opium-smokers from diseases of the bronchial tubes and limgs, so co mm on among non-smokers. 


» 
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is lemarkable. The leal remedy for excesslre opinm-smoking in China lies in the development of 
the resonrces of the country, enabling the inhabitants to occupy healthy houses and consume whole- 
some food ; the abuse of opium would then die out of China, as the abuse of laudanum died out of 
Liincolnshire after the fens were drained. An antidote for opium-smoking is the use of coca 
(see p. 1307). 

Imjxyrts and Yalues. — The importations of opium into the United Kingdom were 41,000 lb. in 
1839, 114,000 lb. in 1852, and 400,303 lb. iu 1876. The supplies of 1876 were contributed as' 
follows : — 315 624 lb. from Turkey, 51,165 lb. from Persia, 13,390 lb. from British India, 5660 lb. 
from China, and 14,464 lb. from other countries. The imports in 1879 were: — 499,351 lb., 396,1231., 
from Turkey; 47,240 lb., 19,9771., from Persia; and 25,820 lb., 16,6101. from other countries; 
total, 572,411 lb., 432,7101. Of our colonies, it may be mentioned that Victoria imported 
prepared opium to the value of 104,5571. in 1876, doubtless for the use of the Chinese labourers 
engaged on the gold-flelds. 

The approximate value of “ fine ” Turkey opium in the London market is 15-25«. a lb. ; “ other 
qualities,” 12-213. a lb. 

Pituri. — The substance known as pituri among the Australian aboriginals, and popularly spelt 
pitcheri, pitchmry, hedgery, &c., by Europeans, has recently attracted considerable attention. The 
results of investigations indicate the source of the narcotic to be the leaves of Duboisia Mopwoodii. 
This shrub extends from the Darling Eiver and Barcoo, throughout Queensland, S. Australia, and the 
desert scrubs of Central Australia to W. Australia, and seems to be more plentiful than was at first 
supposed. The shrub is of bushy growth, with dark, thick, glossy foliage, and reaches a height of 
8-9 ft. It is most commonly found on sandy spinifex fiats, in well-watered country. Sylvester 
Brown indicates a locality of some 400 sq. miles, just on the S. Australian border, about 23° S. lat., 
as an admirable spot for a reserve of the plant, which grows there abundantly. The native blacks 
gather the leaves annually dmung the month of August, when the plant is in blossom, and hang 
them up to dry. They are sometimes sweated beneath a layer of fine sand, dried, roughly powdered 
up, and then packed in netted bags, skins, &c., for purposes of transport. To prepare them for use, 
they are damped, mixed with potash obtained from suitable plants, and rolled up into the shape 
of a cigar. This is chewed, and the saliva is swallowed. In small quantities, it has a powerful 
stimulating effect, assuaging hunger, and enabling long journeys to be made without fatigue, and 
with little food. In large doses, it is maddening. The narcotic principle has been separated in 
the form of an alkaloid, termed “ piturine,” prepared in the same manner as nicotine, which it closely 
resembles, if it be not actually identical. The leaves are an important article of inter-tribal com- 
merce. In native use, it takes the place of the coca (p. 1307) of S. America, the ava (p. 1305) of 
Fiji, and the tea of China. It is suspected that D. myoporcides, extending on forest l^nd from near 
Sydney to near Cape York, and traced also in New Guinea, shares the properties of the first 
species, as an alkaloid termed “ duboisine ” prepared from it seems to be identical with piturine. 
Several species of the allied genus Anthocercis, found throughout the greater part of the Australian 
continent and in Tasmania, also deserve investigation, as A. vkcoso is known to possess the property 
of contracting the pupil of the eye. (See Drugs — Duboisia, p. 810). 

Shododendron. — The rhododendrons possess considerable narcotic virtues. The flowers of 
Shododendron arboreum are eaten as a narcotic by the hill-people of India, and a snuff is made from 
the bark. The leaves of R. campanulatum are used as snuff by the natives of India, and the brown 
dust which adheres to the petioles is used for a similar purpose iu N. America. R. chrysanthemum in 
Siberia is one of the most active of narcotics. 

Siberian or Intoxicating Fungus.— The poisonous toad-stool. Amanita muscaria [^Agaricus 
mtMcantis], is the narcotic of Siberia. It closely resembles some of the edible mushrooms, and is 
common in fix-, beech-, and birch-woods in N. England. It grows very abundantly in parts of 
Eamtschatka, where it is either collected during the hot months, and hung up to dry in the air, or 
is left in the ground to ripen and dry, and is afterwards gathered. It is more narcotic in the latter 
case. The most common way of using it is to roll it up like a piU, and swallow it without chewing. 
If steeped in whortleberry-jmce, and other vegetable juices, it imparts strong intoxicating qualities. 
Eaten fresh in soups, &c., it is less powerful. One or two BufBce to produce pleasant intoxication 
for a whole day. It provokes remarkable activity, stimulates bodily exertion, and induces violent 
exhibitions of passion. A singular feature of it is that the active principle passes unimpaired into 
the urine, and remains for a long time ; this fact is well known to the Siberians, and is availed of 
by them in a most abominable manner. It is a significant fact that the exports of this fungus 
from Archangel in 1878 were : — 230 poods, value 4200 roubles, to Great Britain ; 25 poods, 375 roubles, 
to Holland; and 115 poods, 1725 roubles to France ; the total amounting to 7 tons, value 630/. 

Syrian or Steppe Rue. — The seeds of Peganum Harmala, a plant abundant in the Crimea, 
are occasionally eaten by the Turks as a narcotic indulgence. The active virtues seem to reside in 
the husk of the seed, which contains about 4 per cent, of two alkaloids, called harmine (CjjHijNjO) 
and harmaline (C, 3 H,^, 0 ). 
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Thorn-apples. — ^The frnit of the red thorn-apple of Pern (Datura sanguinea), ■which grows on 
the less steep slopes of the Andean valleys, is used by some tribes of the Indians for preparing a 
strong narcotic drink, called tonga. The whole plant is narcotic, but the seeds are most powerful. 
The seeds of the common thorn-apple, D. Stramonium, possess similar properties. They are used 
as poison on the Continent and in India ; and in Russia, China, and Upper India, they, or the seeds 
of other species (D. Melet, D. fastmsa, D. alba), are employed to increase the intoxicating qualities of 
fermented liquors. The dried leaves of D. Stramonium and D. tatula, made into cigarettes, are 
smoked as a cure for some forms of asthma (see Drugs — Stramonium, p. 826). 

Tobacco. — Tobacco, tbe most largely and widely consumed of all narcotics, is the product of 
a number of plants belonging to the genus Sicotiana. The species and varieties having most interest 
for the cultivator are the following : — 

I. N. Tdbacum macrophylla {latifolia, lattissima, gigantea) — Maryland tobacco. Of this, there 
are two sub-species — (1) Stalkless Maryland, of the following varieties ; (a) N. macrophylla ovata — 
short-leaved Maryland, producing a good smoking tobacco, (b) Jf. macrophylla longifolia — ^long- 
leaved Maryland, yielding a good smoking tobacco, and excellent wrappers for cigars, (c) N. macro- 
phylla pandurata — ^broad-leaved, or Amersfort, much cultivated in Germany and Holland, a heavy 
cropper, and especially adapted for the manufacture of good snuff ; (2) Stalked Maryland, of the 
following varieties : (a) N. macrophylla alata, (b) If. macrophylla cordata — heart-shaped Maryland, 
producing a very fine leaf, from which probably the finest Turkish is obtained. Cuban and Manilla 
are now attributed to this group. 

II. N. Tabacum anjusti/o/ia— Virginian tobacco. Of this, there are two sub-species — (1) Stalk- 
less Virginian, of the following varieties : (a) N. angustifolia acuminata, grown in Germany for snuff, 
seldom for smoking, (5) N. angustifolia lanceolata, affords snuff, (c) N. angustifolia pmdulifolia, another 
snuff tobacco, (d) N. angustifolia latifolia — broad-leaved Virginian, used chiefly for snuff, (e) N. 
angustifolia undulata — wave-like Virginian, matures quickly, (f) If. angustifolia pandurata, furnishes 
good leaves for smoking, produces heavily, and is much grown in Germany, and said to be grown at 
the Pruth as “ tempyki,” and highly esteemed there ; (2) Stalked Virginian, of the following varieties ; 
(a) If. angustifolia alata, (b) N. angustifolia lanceolata [Al fructiosa'], growing to a height of 8 ft., 
(o) N. angustifolia oblonga, (d) N. angustifolia cordata — ^E. Indian, producing heavily in good soil, 
and well adapted for snufl^ but not for smoking. Latakia and Turkish are now accredited to 
-S. Tabacum. 

UL If. rustica — Common, Hungarian, or Turkish tobacco. Of this, there are two varieties : 
(a) If. rustica cordata — large-leaved Hungarian, Brazilian, Turkish, Asiatic, furnishing leaves for 
smoking ; (6) N. rustica ovata — small-leaved Hungarian, affords fine aromatic leaves for smoking, 
but the yield is small. Until quite recently, Latakia, Turkish, and Manilla tobaccos were referred 
to this species ; Latakia is now proved to belong to N. Tabacum, and Manilla is said to be absolutely 
identical with Cuban, which latter is now ascribed to N. Tabacum macrophylla. 

IV. S. crispa — ^This species is much grown in Syria, Calabria, and Central Asia, and furnishes 
leaves for the celebrated cigars of the Levant. 

V. S', persica. — Hitherto supposed to be a distinct species, affording the Shiraz tobacco, but now 
proved to be only a form of N. Tabacum. 

VI. N. repanda . — A Mexican plant, with small foliage. liOng thought to be a distinct species 
peculiar to Cuba, but none such is now to be found in Cuba, whether wild or cultivated, and all the 
Cuban tobacco is now obtained from N. Tabacum macrophyllum. 

Among the many other forms interesting only to the botanist or horticulturist, the principal are 
N. paniculata. S', glutinosa, S. glauca, attaining a height of 18 ft., and S. clevelandii, exceedingly 
strong, quite recently discovered in California, and supposed to have been used by the early natives 
of that country. , 

Cultivation and Curing. — The following observations on the methods of cultivating and curing 
tobacco have reference more particularly to the processes as conducted in India and the United 
States ; this branch of agriculture has been brought to great perfection in the latter, and the super- 
vision of the operations in India is mostly entrusted to skilled Americans. 

Climate. — Of the many conditions affecting the quality of tobacco, the most important is climate. 
The other conditions that must be fulfilled in order to succeed in the cultivation of this crop may be 
modified, or even sometimes created, to suit the purpose ; but cultivators can do little with reference 
to climate : the utmost they can do is to change the cultivating season, and this only in places 
where tobacco can be grown nearly throughout the year. The aromatic principles, on the presence 
of which the value of a tobacco chiefly depends, can only be properly developed in the plant by the 
agency of high temperature and moisture. The fame that Cuban and Manilla tobaccos enjoy is 
mostly due to the climate. The article produced in Cuba is most highly esteemed ; up to this time, 
no other country has been able to compete successfully with it. However it cannot be doubted that 
there are many places whose climate justifies the assumption that a tobacco could be grown there, 
not inferior to that produced in the W. Indies. The more closely the climate of a place corresponds 
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■with that of Cuba, the greater chance is there that a Havanna variety will preserve its peculiar 
aroma. In such places, a fine and valuable tobacco may be grown with less expenditure on labour, 
&o., than it is necessary to bestow in raising an inferior article in less suitable climes. In countries 
where a low temperature rules, the plants must be raised in hot-beds, and there is also a great risk 
that the young plants may be destroyed by frost, or afterwards by hailstones. When damp weather 
prevails during the tobacco harvest, it is often injured ; and to give the required flavour, &c., to 
make the article marketable, macerating has often to be resorted to, thus involving great risk and 
expenditure. But in spite of these drawbacks, tobacco cultivation is often very remuneratively 
carried out iu countries possessing an unfavourable climate. The deficient climatic conditions are 
here partly compensated for by making the other conditions affecting the quality of tobacco, and 
which can be controlled by the cultivator, the most favourable possible. 

Soil. — The soil affects to a great extent the quality of a tobacco. The plant thrives best in a 
soil rich in vegetable mould ; this, however, is not so much required to supply the necessary plant 
food, as to keep the soil iu a good physical condition. No other plant requires the soil in such a 
friable state. A light soil, sand or sandy loam, containing an average amount of organic matter, 
and well drained, is considered best adapted for raising smoking-tobacco ; such a soil produces the 
finest leaves. The more organic matter a soil contains, the heavier is the outturn ; but the leaves 
grow thicker, and the aroma becomes less. As, in tropical climates, the physical properties of the 
soil play a prominent part in its productive capabilities generally, and the presence of organic 
matter in the soil tends to improve these properties, it will rarely occur that in such places a soil will 
contain too much humus. The more clay in a soil, the less is it adapted to the production of fine 
smoking-tobacco, on account of its physical properties being less favourable to the development of 
the aromatic principles ; the leaf becomes also generally thick and coarse, but the outturn on such 
soils is generally heavier than on a more sandy one. A clay soil possessing a great amount of 
humus may, if properly tilled, produce an ordinary smoking-tobacco, and may even, if great atten- 
tion be paid to the selection of the variety, &c., produce leaves for cigar-wrappers. 

Of less importance than the physical properties of the soil is its chemical composition. By proper 
tillage and heavy manuring, tobacco is sometimes grown on comparatively poor soils. From analysis 
of the plant, it is clear that it contains a large amount of ash constituents, which it extracts from the 
soil ; the most important of these are potash and lime. A soil destitute of these constituents would 
require a great quantity of manure to supply the wants of tobacco. 

Situation. — Land intended for tobacco-culture should have good drainage, and be sheltered from 
high winds. In Holland, where tobacco-cultivation is carried out to great perfection, each field is 
surrounded by a hedge about 7 ft. high ; the fields are divided into small plots, which are again 
bordered by rows of plants that are able to break the force of the wind, which would injure the 
leaves, and render them of comparatively little value. To this circumstance, must chiefly be attri- 
buted the fact that Dutch growers succeed in getting as much as 50 per cent, of leaves of the first 
quality, whereas in most other countries 25 per cent, is considered to be a very good outturn. 

Manure. — In its natural state, the soil will rarely possess the elements of plant food in such a 
form as is most conducive to the production of a fine tobacco-leaf. Any deficieney must be supplied 
in the shape of suitable manure. Schlosing found that a bad burning tobacco was produced on a 
sou containing little potash, on unmanured soil, on soU manured with flesh, humus, calcium 
chloride, magnesium chloride, and potassium chloride. A good burning tobacco was produced on 
a soil manured with potassium carbonate, saltpetre, and potassium sulphate. More recent experi- 
ments carried out by other investigators tend to corroborate these conclusions. It is generally 
assumed that a soU rich in nitrogenous organic matter produces a strong tobacco that burns 
badly. 

The results of Nessler’s experiments clearly show that it is not sufficient to^ipply the element 
most needed by the plant — potash — in any form, but that, to produce a good tobacco, it is necessary 
to apply it in a particular combination. It was found that carbonate of potash applied as manure 
produced the best tobacco : it burnt for the longest time, and its ash contained most carbonate of 
potash : whereas chloride of potash produced a much inferior tobacco. The assertion of other 
experimenters that chlorides produce a bad tobacco is thus confirmed. Sulphate of potash and 
sulphate of lime produced a good tobacco. It may be noticed here that tobacco which was manured 
■with gypsum contained a great amount of carbonate of potash in the ash, probably due to the fact 
that gypsum is a solvent for the inert potash salts. From the foregoing, it may be concluded that 
in tobacco cultivation, the elements potassium and calcium should be restored to the soil iu the form 
of carbonate, sulphate, or nitrate, but not as chlorides. Poudrette, or prepared night-soU, gene- 
rally contains a considerable amount of chlorides, and is not well suited as manure for fine tobacco. 
It has been found that fields manured with chlorides produced heavily ; a small proportion of 
chlorides may therefore be applied in this form, whenever quality is of less importance than quan- 
tity. Farmyard manure may sufiBce when tobacco is cultivated in proper rotation, but here also 
unless the soil be very rich in potassium and calcium, the application of some special manure will 
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greatly enhance the value of the onttnm. 'Wood-ashea are a valnable supplement to stable dung. 
Gypsum is an excellent dressing for soUa in a good mannrial condition ; it supplies the lime needed 
by the tobacco, and acts as a solvent on the inert potasli salts. Gypsum applied on poor land, how- 
ever, hastens the exhaustion of the soil. It is said that crops manured with gypsum suffer less 
from the eifects of drought, and require less irrigation, than wlien manured otherwise : the leaves of 
plants that had been manured with gypsum exhaling less water than when manured with other 
substances. If this assertion be correct, gypsum would be invaluable to the Indian cultivator. 

With regard to the amount of manure to be employed, it may be observed that, with farmyard 
manure properly rotted, there is no theoretical limit, especially when the tobacco is intended for 
snuff, and is grown in a hot climate, where the physieal properties of the soil are of the utmost 
importance. It is said that some Bhenisb-Bavarian soils contain as much as 15 per cent, of 
organic matter, yet the cultivator considers it necessary to heavily manure each tobacco crop. Dutch 
growers apply to the rich alluvial soil as much as 25 tons an acre of well-rotted cattle-manure. In 
America, it is reported that the heaviest crops are obtained on soil newly taken up, and very rich in 
vegetable mould. It is considered nearly everywhere that tobacco will pay best when heavily 
manured. The first care of even the poorest peasant in the tobacco districts of Germany, Holland, 
&c., as soon as he sells his tobacco, is to purchase the manure which he considers essential to his 
success. 

The amount of any special manure which can be applied without injury to the plants depends 
very much on the solubility of the stuff, and the manner of applying it. Highly soluble salts, such 
as nitrate of soda or potash, should be applied in smaller quantities than salts which dissolve slowly. 
With regard to the manner of applying concentrated manures, it is evident that, when a salt is 
applied in close proximity to the plant, less will be required than when strewn over the whole field. 
When applied in solution, not more than 300 lb. of nitrate per acre should be used at one time. The 
amount to be applied varies also with the soil; a sandy soil, which has little absorptive power, 
should receive less than a clay. Salts easily disintegrating should not be applied before tobacco has 
been planted, especially not before heavy rains which would carry off the salt. To supply the 
potash required by the tobacco plant,^00 lb. of good saltpetre per acre would be sufficient in most 
oases. Lime, although removed from the soil in large quantities, is rarely applied to tobacco as 
a special manure. Where wood-ashes can be had at a moderate price, lime may be applied in 
this form. Some ashes are very rich in lime. It has been found that ashes obtained from beech- 
wood contain 52 per cent, of lime, and those from oak-wood, as much as 75. 

Eotation. — A proper rotation of crops is particularly advantageous for the cultivation of tobacco, 
since it requires a great amount of readily accessible inorganic matter in the soil, especially potash 
and lime. Although the importance of cultivating tobacco in rotation is admitted, there may be 
ciromnstances that justify the growth of this crop consecutively for several years in the same field. In 
America, tobacco is grown successively for several years on new land, where the elements of plant food 
exist in such abundance that the crop may be thus cultivated without for a time showing any notable 
decrease in yield ; it is even said that the outturn of the second year is heavier than that of the 
first. In Hungary and Holland, the best tobacco is grown for many years in succession on the same 
land. There the plan is adopted partly out of necessity and partly for convenience. The small 
landholder is often obliged to grow tobacco on the same field, because be has only one properly fitted 
for it ; for convenience, he grows it every year on the same place near his homestead, to allow of the 
closest attention to the crop, but he manures heavily. Nessler, in Carlsruhe, cultivated tobacco during 
six consecutive years in the same field, without noticing any perceptible decrease in yield or quality. 
To admit of such a system, the soil must either be very rich in the essential elements, or be heavily 
manured, as is the practice in Holland. It is generally assumed that, when tobacco is grown on the 
same field in succession, the leaves do not become so large after the first year, but grow thicker and 
more gununy, and contain less water. 

From the foregoing, it would appear that, although tobacco may be grown successfully on the 
same land uninterruptedly under special circumstances, the cultivator wiU find it advantageous to 
adopt some plan of rotation. Cereals and pulses are very well adapted for this purpose, the reason 
being that tobacco removes but little phosphoric acid from the soil, and thus leaves it rich in the 
element most necessary for the growth of cereals. It has also been found that hemp thrives particu- 
larly well after tobacco. 

Selection of Sort. — The cultivator must carefully compare the requirements of the different sorts, 
and the means at his disposal to satisfy them, before making his selection. Though tobacco is a 
hardy plant, and grows under varied conditions, yet to become a remunerative crop, the plant 
should not be placed under circumstances very dissimilar from those to which it has been accus- 
tomed. By importing seed of a fine sort directly from its native land, the plants will not retain in 
the new habitat all their special qualities, unless climate, soil and treatment are nearly the same. 
Climate must first be considered. Fine and valuable tobacco is a product of tropical countries : in 
a warm and humid climate, by employing common means, tobacco may be made to yield a profit 
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not attainable in less favonrcd regions. A warm, moist climate permits the selection of those sorts 
that command the highest prices ; if to this be added a suitable soil, and proper treatment, the 
cultivation of tobacco yields a profit not easily obtainable from any other crop. 

As the Havanna tobaccos command the highest prices, the cultivator nearly everywhere attempts 
to introduce and cultivate them. There is no great difficulty in raising plants of these varieties, 
but they speedily degenerate and form new varieties, if the climatic conditions, & 0 ., are not favour- 
able. Virginian tobacco was previously extensively cultivated, but has of late been frequently re- 
placed by the Maryland kind. It is still much favoured by cultivators in temperate climates, as it 
does not require a high temperature. On account of its botanical characteristics, it is usually not 
much liked by manufacturers of cigars; some varieties, however, that have less of the marked 
specific characters, yield tolerably fine leaves for cigars. As the price of this tobacco is rather low, 
it is not so well suited for export. Hungarian tobacco is considered to be very hardy, but is less 
valuable than the foregoing. The leaves are generally small, and possess a peculiar aroma. 

A high price is generally commanded, irrespective of the species, by those tobaccos that possess 
a large, smooth, thin, elastic leaf, possessing a fine golden colour and a good aroma ; the ribs and 
veins should be thin, and the former should branch off from the mid-rib at nearly right angles, and 
should be far apart from each other. The lower the percentage of the weight in ribs, the thinner 
and broader the leaf, and the fewer the leaves tom, the more wrappers can be cut out of 1 lb. of 
tobacco, other conditions being equal, and conseqnently the higher is the price of the article. The 
cigar-mannfacturer often does not appreciate the aroma so much as the other qualities. He can do 
nothing to improve the botanical characters : the finest aromatic leaf would be of little value to 
him if it were tom ; but he is to a certain extent able artificially to improve defects in fiavour. 
Of all kinds, Maryland is considered to possess the qualities that distinguish a good tobacco in the 
highest degree. Some of the Havanna tobaccos belong to this sort, as also the Ohio, Amersfort, 
Turkish, and Dntten tobaccos. Its cultivation assumes larger proportions every year, and the 
number of varieties and sub-varieties increases accordingly. Perhaps the finest wrappers for cigars 
are grown in Manilla. 

Seed. — The best and strongest plants are selected for affoading seed. These are not “ topped ” 
like the remainder of the crop, and are left standing when the crop is gathered. All suckers are 
carefully removed from the stems, and sometimes from the leaves also. When the crop is cut, the 
seed-stalks should be staked, to prevent their destruction by the wind. As soon as the seed-pods 
blacken, the seed is ripe ; the heads are then out off below the forks of the plant, and are hung 
in a dry and safe place to cure. Care must be taken to gather them before frost has impaired their 
vitality. During leisure time, the pods are stripped from the stalks, and the seed is rubbed out 
by band, and winnowed. Its vitality is proved by its crackling when thrown upon a hot stove. 

Seed-beda — A very light friable soil is necessary for the seed-beds ; to obtain this, it should be 
broken up to a depth of IJ ft. some months before the sowing-season. A drain is dug around the 
beds, and the soil is utilized in raising the surface. In America, a very warm and sheltered 
situation, such as the south end of a bam, is selected for the seed-beds. It is a common plan there 
to bum a brush-heap over the ground, thus supplying potash and killing weeds. The time for 
sowing in America is usually from the middle of March to the 10th of April, or as soon as the 
ground admits of working in the spring; in India, it depends upon the locality : when the monsoon 
rains are very heavy, it should follow them ; in other cases, it may precede them. 

Unless the soil be very rich in humus, it should be heavily manured with well preserved farm- 
yard manure soon after breaking up. The soil of a tobacco nursery cannot contain too much organic 
matter ; the presence of much humus wUl prevent, to a great extent, the formation of a surfiice 
crust, which is so detrimental to the development of the plants during their early growth, and will 
also facilitate the extraction of the plants when transplanting takes place. After a few weeks have 
elapsed, the soil should be dug over a second time, and the whole be reduced to a fine tilth. The 
land may now remain untouched until the sowing time, unless weeds should spring up : these must 
be eradicated. 

The area required for a nursery depends on the area of ground to be planted, and on the distance 
separating the plants in the field. About 1 sq. in. space should be allotted to each of the young 
plants in the nursery. Taking the number to be 7260 plants required for an acre (at 3 ft. x 2 ft.), 
and giving each plant 1 sq. in. of room, an area of 7000 sq. in. or 50 sq. ft. would raise plants 
sufficient for an acre. But as some are injured during growth, many rendered useless in lifting 
them for transplanting, and more needed to replace those that die after transplanting, double the 
number should be raised, or 100 sq. ft. of nursery bed for an acre. 

The amount of seed required for an acre depends cliiefly on its vitality. An ounce contains 
about 100,000 seeds, or sufficient for nearly 7 acres if all grew ; but as even the best has not a very 
high percentage of vitality, J-1 oz. is generally sown to produce the plants required for one acre. 

Sowing-time having arrived, the nursery is divided into beds, most conveniently, 10 ft. long and 
5 ft. wide, making 50 sq. ft. each, on which plants for } acre can easily be raised. As, even with a 
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small tobacco plantation, sereral days are required for transplanting, all the beds should not be 
sown at one time, but at interrals of a few days. This will also lessen the risk of the young plants 
being all destroyed by a storm, insects, &c. Before sowing the seed, the soil is dng over to the 
depth of 6 in., and levelled with a rake. The seed must then be sown evenly on the surface, and 
beaten down slightly with the hand or otherwise. The seed being very small, many cultivators 
mix it with ashes, or pulverized gypsum, in order to distribute it regularly over the bed. The seed 
must be covered only slightly, best done by strewing a little fine compost manure over it. Ants, 
which often destroy the seeds, may be kept off by sprinkling some ashes over the bed. Finally 
cut straw may be scattered over the surface. In India, to protect the nursery from the sun and 
rain, the whole is covered with a roof made of straw, leaves, or cloth, supported by poles, at only 
a few feet above the ground. The soil must be kept constantly moist, but not wet ; weak liquid- 
manure may be used for watering. Much time is saved by starting the seed in a warm room 
before sowing. 

• The plants, which will appear about a week after sowing, are very tender during the first stage 
of their growth, and require frequent watering through a fine rose. The straw will now prevent 
the water falling with any force immediately on the plants, and its tendency to wash the soil from 
the fine rooUets. If the plants spring up thickly, they are thinned out, when about a week or two 
old, leaving about 1 sq. in. for each. Those taken out may be used to fill blanks in the nursery 
bed, or, if more plants are taken out than are required for this purpose, they should be planted in a 
separate bed. It is universally acknowledged that plants transplanted when very young develop 
more roo^ grow more vigorously, and become more hardy afterwards, than when not transplanted 
at this stage. When the plants are about two weeks old, they require less attention, and should be 
watered less frequently, to harden them before transplanting. Any weeds appearing must be 
removed, and injurious insects must be killed. In about 7-8 weeks after sowing, the plants will be 
fit for transplanting. 

Preparation of the Field. — Land intended to be planted with tobacco should receive several 
ploughings not less than 9 in. deep. As a role, clay requires to be more deeply ploughed than 
sandy or loamy soil. It greatly conduces to success, if the land is allowed to lie fallow for several 
mon&s before planting the crop, to admit of the proper preparation of the soil, by ploughing, 
rolling, harrowing, &C., and to allow the attainment of as fine a tilth as is usual in gardens. No 
crop will better repay the expense of proper preparation of the soil than tobacco ; the fineness of 
the leaf, and the aroma of the tobacco depend to a great degree upon this. The land should be 
ridged immediately before planting. The distance apart at which to make the ridges is governed 
by the quality of the soil and the sort of plant to be raised. With good soil, the ridges must be 
further apart than in a poor one, because of producing larger leaves. The ridges should allow a 
passage between the rows, for the purpose of weeding, hoeing, suckeriog, &c., without breaking the 
leaves. In the lines, the plants may be 6 in.-l ft. closer than the ridges. In some places, a plough 
is rtm at right angles across the ridges before planting, at the distance at which the plants have to 
stand in the lines, thus forming small hills on which the seedlings are planted. 

Planting. — ^Planting should ttike place only in the evening (or even at night in India), unless 
the weather be cloudy, when it may be performed during the whole day. Some hours before com- 
mencing to transplant, the nursery should be thoroughly watered, to facilitate the removal of the 
plants, without tearing their roots. If the plants are of even size, so that all can be removed, the 
best plan is to take them out with a spade, or trowel, leaving a lump of soil on each. But in 
most cases, it will be necessary to take up each plant separately ; this should be done very carefully, 
holding with the thumb and forefinger as near as possible to the roots, and drawing out the plants, 
if possible, with a little soil adhering to their roots. The plants are taken at once in a basket to 
the field for planting. An attendant going between two ridges places a plant on each hill, right 
and left. One attendant is sufiScient for two planters, who follow immediately. The planting is 
nearly the same as with cabbages, but requires mote care, the plants being more tender, and their 
roots and leaves springing nearly from the same point, they are more difficult to handle. The 
plants should be placed in a hollow made on each hUl, which will serve as a reservoir for the water 
to be applied, and also afford some shade. 

In India, the plants are watered immediately after planting ; they should also by some means bo 
shaded during the first few days, which can easily be done when only a small area is planted, but 
is rather difficult to manage on a large scale. In the latter case, the shade afforded by planting in 
a slight cavity must suffice. If the plants have been taken from the nursery with some soil 
adhering to their roots, and are kept sufficiently moist during the first few days, few of them will 
die. When the weather is dry, water should be applied at morning and evening, and after that 
time, once daily until the plants have taken root, after which, occasional waterings, varying with 
soU, weather, and kind of plant, must be given. In dry weather, and with a soil poor in humus, 
one watering every second or third day may be necessary, whereas with a soil rich in organic 
matter, and in a moist atmosphere, watering may be entirely dispensed with. During the first 
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few days, the water is applied with a watering-pot, held very low, otherwise the soil would be 
washed &om the plant-roots, and expose them to the direct rays of the snn, cansing death. 

After-cnltivation. — After the plants have once taken root, they grow rapidly. They are hoed 
when abont 6-9 in. high, and the soil is drawn from the furrows to raise the hills, maintaining a 
depression round the stems. If the soil is not very rich, a special manure should be applied at this 
stage of growth. The best manure generally will be nitre in a liquid state, which can be applied in 
the depression around the plants with a watering-pot. By applying it in solution and close to the 
plant, less is required than when spread over the whole field. Some weeks afterwards, another 
hoeing and heaping of earth round the plants will be necessary. It is most difidoult to say the 
number of hoeings which may be required by a tobacco crop. The general rule to be followed is 
to keep the soil loose, friable, and free from weeds. The more organic matter the soil contains, the 
more will it remain loose and friable ; the less organic matter, the more waterings will be required, 
which causes the soil to crust over, and to assume a close texture, and necessitates frequent hoeings. 
As long as the plants have not spread much, the hoeing may be done by a cultivator, followed by 
some men to perform the heaping. Insects which attack the tobacco must be carefully sought for 
and killed at once. They can easily be discovered in the mornings ; if not killed, they may destroy 
the whole crop in a few days. Turkeys are invaluable for their grub-eating propensities. 

Topping and Snckering. — The plants will commence to fiower about two months after planting, 
when 2-7 ft. high. When the flower-buds appear, they must be broken off, and with them the 
top and bottom leaves. By breaking off the flower-buds at an early date, the sap that would be 
used in the formation of these organs flows to the leaves, which thereby increase in size, and the 
outturn becomes much heavier than when the plant is allowed to flower. But it is generally 
admitted that the leaves lose much in aroma. To what extent the early removal of the flower-bn^ 
impairs the quality has not been properly investigated. It is very probable that the greater yield 
does not always compensate for the loss in quality. The bottom leaves are generally of inferior 
quality, small, tom, and dirty. The number of leaves to be left on the plant varies greatly, 
according to species, quality of soil, and method of cultivation. The minimum may be placed at 6, 
the maximum at 22. The only rale to be observed is to retain as many leaves as the plants 
are able to mature. Soon after the plants have been topped, suckers appear in the axils of the 
leaves ; these should be broken off as soon as they come, at least they should not be allowed to 
grow longer than 4 in. If the suckers are not removed soon after their appearance, the size of the 
leaves will be seriously impaired. After the plants are half-grown, great care must be taken when 
going through the lines, whether for the purposes of hoeing, watering, or snckering, &c., not to tear 
the leaves. In India, hoeing and suckering should be performed only when the leaves have lost part 
of their turgescence, attained at night. Insects, however, must be kUled during the morning and even- 
ing ; at other times, they are not easily found. Leaves which are torn are not fit for cigar-wrappers, 
and must often be thrown on the refuse heap as valueless, even if well developed and of good colour! 

The plants commence to ripen abont three months after being planted ; this is indicated by the 
leaves assuming a marbled appearance, and a yeUowish-green colour. The leaves also generally 
become gummy, and the tips bend downwards. It is considered that tobacco intended for snuff 
should have attained more maturity than tobacco for smoking. Messier found that the less ripe 
leaves contained more carbonate of potash, and burnt consequently better, than the more ripe ones, 
but the total amount of potash was larger in the latter than in the former ; cigars made from less 
ripe leaves kept the fire when lighted for a shorter time than those made from more ripe leaves 

Harvesting.— The leaf being matured, it should be harvested only after the dew is off the 
and not on a rainy day. There are two modes of harvesting— gathering the leaves singly, and 
cutting down the whole plant. Gathering single leaves admits of removing them from the plant 
as they ripen ; the bottom leaves are removed first, and the top ones are left some time longer, until 
they have attained full maturity. The cultivator is thereby enabled to gather his crop when it 
possesses the greatest value. This plan necessitates, however, a great amount of labour and in a 
hot climate, the single leaves are apt to dry so rapidly as not to attain a proper colour, t!nleas 
stacked early in heaps. But stacking in heaps involves great risk of the leaves heating too 
much, and developing a bad flavour, whereby the tobacco loses more or less in value. For Indian 
circumstances generally, cutting the whole plants is better than gathering the leaves singly 

For cutting down the plants, a long knife or chopper is used. A man takes the plant vrith his 
left hand about 9 in. from the ground, and with the knife in his right hand, cuts through the stem 
of the plant just above the ground. If the plants are sufficiently “ wilted,” he may lay them on the 
ground and proceed to out down others ; if, however, they are so brittle as to cause the leaves to be 
injured by laying them down, he should give them to another person, to carry them at once under 
shade. During bright weather, the plants should not be allowed to lie exposed to the sun on the 
ground, or they will become sun-burnt, and lose in value. A temporary shed should be erected • it 
might be simply a light roof of palm-leaves or thatched straw, supported by poles; a large free 
stMding near wiU also serve the purpose. Under this shade, parallel rows of posts are put up and 
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OB the posts, light poles or strong bamboos are fixed horizontally. The parallel lines sbonld be 
about 4| ft. apart and the horizontal poles about 4r-5 ft. from the ground, according to the height 
of the tobacco plants. Bods are cut in lengths of 5 ft., and laid over the parallel bars, so that they 
will project about 3 in. at each end. A very light and convenient shelter sometimes used for sun- 
drying in America, consists of rods laid crosswise, supported on four upright poles, and covered 
with a sloping roof of boards. The plants that have been cnt are immediately brought into the 
shade, tied in pairs, and hung across the rods. They must not be hung so close as to press each 
other, and the rods shonld therefore be 6-12 in. apart. The framework should be so large as to 
allow of one day’s cutting being hnng. The plants are left thus for one day, during which time 
they will be wilted sufficiently to allow handling without tearing the leaves. In a very dry wind, 
mats or other cover shonld be laid against the plants most exposed to it, or their leaves will dry 
rapidly, shrivel up, and remain green. Next day the leaves are carted to the drying-shed. A cart 
supplied with a framework, in order that the plants may be hnng as they were hung under the 
shade, is the best means. Perpendicular uprights at each comer of a cart or waggon are fixed 
together by horizontal poles. The plants may be hnng so close as not to press heavily on each 
other, 200-400 being brought to the shed at one time. 

Drying. — The drying-shed is prepared beforehand to receive the tobacco. When cultivating 
tobacco on a small scale, any shed will do, provided that it contains a sufficient number of doors 
and windows to admit of regulating the circnlation of air. A roof made of straw seems to answer 
very well. The shed should be high enough to admit of hanging three rows of tobacco in it, one 
above the other. The bottom tier for the first row should be about 3-5 ft. from the ground, 
according to the size of the plants, which should not touch the ground ; the second tier should be 
3-5 ft. higher than the first ; the third, 3-5 ft. higher than the second ; the whole being 10-17 ft. 
high from the bottom of the shed to the highest tier. The tiers must be so arranged that the 
tobacco when hung on the upper tier should not touch that of the lower one, and that the rods on 
which the tobacco has been hnng in the field fit exactly. The windows must face each other, and 
be placed between the tiers, so that the bottom part of the window is on the same level as the tier. 
When cultivating on a large scale, the same arrangements are made, but the building is higher, 
and is provided with a cellar, in which to place the tobacco for the purpose of stripping, Ac. 

The drying-shed being ready, the plants immediately on arrival at the shed are transferred from 
the conveyance, on the rods, to the lowest tier. No rule can be given aa to the distance the 
rods should be placed from each other, as it varies according to the species of the plant, the degree 
of ripeness, and especially the state of the weather. The purpose of hanging the plant here on the 
lower tier Is to cause the leaves to dry gradually, and assume a good yellow colour, and to create a 
slight fermentation in them, while allowing such a circulation of air between the plants as will 
facilitate the gradual escape of the moisture from them, and prevent the injurious development of 
ammonia and other combinations that give rise to bad flavour in the tobacco. How to attain this, 
exercises the judgment of the cultivator, who, by frequent examination of the plants, and by 
careful observation of the changes going on in the leaves, will soon find out the right way. 

The rods should be placed closer together — (o) when the plants are much wilted on reaching 
the shed ; (6) when the air is very dry, and the temperature is high ; (e) when the leaves of the 
plant are very thin and contain little water. Plants which have the leaves closely arranged on the 
stems must be hnng further apart. When the air is very dry, and there is a strong breeze, the 
windows mnst be closed. If this is not sufficient, water may be poured on some heaps of sand, to 
create a moist atmosphere in the shed. When the stems of the plant are very thick, and conse- 
quently contain much sap, it is beneficial to open the windows, especially at morning and evening, 
for some hours, that the wind may pass over the butt-ends. As the windows are situated above the 
lowest tier, the leaves will not be much affected by it. 

The leaves mnst be examined carefully every day ; one plant may progress very well, whereas 
another close by may decompose too rapidly, and another too slowly. Although no change of 
weather occur, it may yet be necessary to alter the position of the rods, in order that each plant and 
leaf may receive air in such a degree as is most conducive to its proper decomposition. Any 
change in the weather necessitates different arrangements. The plant should remain on the lower 
tier until the leaves have turned yellow, which will take place within 6-10 days, according to 
cirenmstances ; after this, they are hung on the upper tiers. There they should be more apart, 
each plant hanging free. When on the upper tiers, the tobacco may be said to be in the free- 
hang; and when on the lowest tier, in the close-hang. The object in hanging the plants more 
apart on the upper tier la to dry them more rapidly there, and for this purpose, the shutters may be 
opened, unless there be a strong dry wind. The light-yellow colour of the leaves should change 
into a dark yellow-golden or light-brown colour. After hanging on the upper tier for about a 
week, the veins of the leaves will be nearly dry, leaving only the midribs pliant. The drying of 
the leaf and the changing of its colour proceed gradually, commencing from the margin and pro- 
ceeding to the midrib. At this time, the plants are hung closer together, the evaporation from 
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the leaves being little, and the space and sticks being required. The plants hanging on two or 
three sticks may he hung on one stick. All the windows may be kept open from this time ; the 
tobacco may also be brought into an open shed, or even hung outside exposed to the snn. In 
about a week more, the midribs will be entirely dried np, and the tobacco will be fit for stripping. 
In some climates, it may be necessary to facilitate the drying by the aid of artificial heat. For this 
purpose, heated air should be conducted into the drying-shed, without the fire, or the products of 
combustion, being admitted. 

Stripping. — Stripping may be performed at any time, provided the leaves, after being once 
properly dried, have again become pliable. For stripping, such a number of plants as will furnish 
work for several days are taken down on a morning, when tlie plants have absorbed some moisture, 
and have become elastic ; they are put in a heap, and properly covered, to check evaporation. If, 
however, the night air should be so very dry that the leaves cannot absorb sufficient moisture to 
become pliable, a moist atmosphere can be created either by steam, or by pouring water on the floor, 
at by keeping vessels with water in the shed. If this cannot be done, the tobacco must remain 
hanging until there is damp weather. Under no condition should the tobacco be stripped when not 
pliant, that is if the leaves are so brittle that they would break when bent or rolled. The best 
arrangement is to keep the drying-shed and stripping-room separate, since the latter requires to be 
more moist than the former. A cellar under the drying-shed is best suited for stripping. It should 
be large enough to admit of the erection of a scaflbld to receive the tobacco. 

Sorting. — Tobacco intended for smoking should be carefully sorted when stripped. There should 
be four sorts ; 1st, large, equally good coloured, untom leaves ; 2nd, leaves of good size and colour, 
but tom ; 3rd, leaves of inferior colour, and bottom leaves ; 4th, refuse, shrivelled np leaves, & 0 ., 
to which may be added the suckers. No. 1 leaves, when thin, elastic, and of good sorts, are mostly 
valued as wrappers (outside covers) for cigars. No. 2 may also be used as wrappers, but are less 
valued than No. 1. ; they are adapted for fillers and cut tobacco. The different sorts are kept 
separate. The best plan is to let the most intelligent man strip the leaves from the stem, and at 
once separate tliem according to quality. The leaves should then be made into hands, i. e. 10-20 
leaves should be tied together by twisting a leaf round the end of the stalks, each sort being 
attended by a special man, to avoid mixing. The leaves of the first sort being large, 10-15 will be 
sufficient for a hand ; more are required of the other sorts. When making the hands of the two 
first sorts, each leaf is taken separately, smoothened on a flat boqrd, and left there while another is 
treated in the same way, contmuing thus uutU a sufficient number is ready to make a hand. When 
the hand is ready, it is laid aside, and a weight is placed upon it to keep the leaves smooth. 

Balking. — Bulking means placing the tobacco-leaves in heaps for the purpose of heating, in 
order to develop colour and flavour; this is carried out in various ways, nearly all involving great 
labour and risk, as in most instances tobacco loses more or less in value during the process called 
“ curing.” The more care is taken in raising the crop, the less attention the tobacco requires in the 
shed. With a good kind of tobacco, grown on light, finable soil, treated as described, little care will 
be needed, after the leaves are dried and stripped. By the drying process, the leaves will have 
undergone a slow fermentation, which makes it unnecessary to watch or guide a regular fermenta- 
tion afterwards, hence bulking and fermenting, as generally understood, are not required. 

After being made into hands, the tobacco is put into heaps (bulked) before it again dries. Every 
evening, the tobacco that has been stripped during the day is bulked ; but if the weather be very 
dry, it must be bulked as soon as a certain number of hands is ready. The heaps should be made 
4-8 ft. square and 4-8 ft. high ; all the stalks are outside, and the whole is covered by mats, &c. 
to check evaporation. The drier the tobacco, the larger must the heaps be made, to encourage a 
slight fermentation. The extent of the fermentation can be easily controlled. If the colour of the 
leaves is not uiuform, or if it is desired to give them a browner colour, the heaps must be made 
large, and a somewhat moist atmosphere is required in the storing-room. This will cause fermenta- 
tion to set in after a short time, and the heat to rise after some days, so much so that rebulking is 
required, which is done by patting the top leaves of the old heap at the bottom of the new 
one. Under such circamstances, the heap must be frequently examined during the few first weeks, 
to prevent overheating. It is advisable to rebulfc the tobacco also, even when not much heated 
after the first fourteen days, and again a month later, to ascertain the exact state in which it is.' 
Sometimes the tobacco becomes mouldy; this occurs especially with tobacco which has been 
manured with chlorides, which cause it to become more hygroscopic than when manured otherwise. 
If this occurs, the mould must be brushed off; and, if necessary, the tobacco be dried. The tobacco 
may now remain heaped in the store-room until there is a chance for sale. It must be remembered 
however, that the best time for selling varies very much. Some tobacco is fit for smoking a few' 
weeks after drying, whereas others may bum very badly at that time, yet become a good burning 
article after being stored for several months. 

Packing.— Tobacco in America is commonly packed in barrels, the layers being at right 
angles to each other alternately, and tihe butt-ends being always towards the outside. The usual 
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eize is aboni 4 ft. 6 in. deep, 3 ft. 6 in. in diameter at one end, and 3 ft. 4 in. at the other, to enable 
the contents to be nncovered for examination withont disturbing the mass. The packing is effected 
under considerable hydraulic pressnre. Klsewhemall kinds of packages are employed, and their 
weights are very various. 

Improving. — It is sometimes the custom to subject the tobacco-leaves to some sort of improve- 
ment. There is no doubt that, by proper application of ingredients, the value of tobacco may bo 
much enhanced. The most costly tobacco often commands a high price, not so much on account of 
its inherent flavour, as from that given to it artificially. In most instances, the best course to be 
adopted is to leave the improvement of the leaves to the manufacturer. Many ingredients are 
employed to improve smoking-tobacco. They tend : — 1, to make the tobacco more elastic and 
flexible ; 2, to remove the coarse flavour ; 3, to add a particular flavour ; 4, to improve the burning 
quality; 5, to improve the colour. To make the tobacco more flexible and pliant, the leaves 
are macerated in, or sprinkled with, a solution of sugar. In hot countries, this process is often 
necessary, to give tobacco such an elasticity as to fit it for handling, especially when intended for 
wrappers. To remove the coarse flavour, it is often macerated in water, or in very dilute hydro- 
chloric acid. In Holland, 4-8 oz. of hydrochloric acid, diluted with 25-30 measures of water, 
is applied to 100 lb. of tobacco. The coarser the flavour of the tobacco, the stronger is the 
solution used. The time of maceration varies between } and 1 hour. Sometimes tobacco is steeped 
in a mixture of sugar solution and diluted hydrochloric acid. To extract the fatty matter, it is 
macerated in alcohol or spirit of wine. To give a fine flavour, numerous substances are employed, 
some of which are kept secret The following ingredients are mostly in use : — Water, cognac, 
vanilla, sugar, rose-wood, cassia, clove, benzoin, citron oil, rose-wood oil, amber, thyme, lavender, 
raisins, sassafras-wood, saltpetre, orange, and many others. The hnming quality is improved by 
macerating in or sprinkling with solutions of carbonate of potash, acetate of potash, acetate of lime, 
or saltpetre, &c. Badly-burning cigars inserted for a moment in such solutions are much improved. 
Tobacco treated with acetate of lime yields a very white ash. The colour is sometimes improved 
by fumigating the leaves with sulphur, and by the application of ochre and saffron. 

Althongh it may be said that fine tobaccos generally do not require any impregnation with 
foreign matter for the sake of flavour, yet the manufacturer frequently endeavours to give the leaf 
a particular aroma. An inferior tobacco, however, which often would not find a market, is some- 
times so much improved by artificial means, as to compete suecessfully with the genuine fine 
article. It is said that in Germany indigenous tobacco is often so much “ improved ” that the cigars 
made from it, after being covered with a fine tobacco leaf, are sold as genuine Havanas. A special 
preparation of tobacco for snuff is seldom attempted by the cultivator. With reference to the 
preparation of tobacco for export, the sorting of the leaf is of the utmost importance ; only first and 
second sorts should be exported. It would be well to remove the mid-ribs, whereby the cost of 
transport and customs duty would be greatly reduced. 

The value of a cigar depends, not only on the intrinsic value of the leaf, but to a great extent 
on the mode of manufactxue. Thus, the raw material may be of good quality, but if the maker 
does not classify the leaves properly, or if he rolls his cigars too hard, which must vary according 
to the qualities of the leaves, tlie cigar will bum badly. The best-burning leaves must always be 
used for wrappers. If this should be neglected, the inside of the cigar burns faster than the 
covering, the air has no access to the burning parts, and the empyrenmatical substances are 
volatilized without being decomposed. Such cigars therefore make much smoke, and smell badly. 

Production and Commerce. — Details concerning the different modes of cultivating and curing, and 
of the extent of the production and commerce in tobacco in the various countries, will best be given 
in the alphabetical order of the countries. 

Afghanistan. — The tobacco grown at Kandahar is celebrated in all the neighbouring states for its 
mild and agreeable flavour, and is largely exported to Hindustan and Bokhara. Three kinds are 
grown, viz. ; — ^Kandahari, Balkhi, and Mansnrabadi. Of these, the last named is the most esteemed, 
and fetches the highest price, viz., 6 Ib. for 2s.-4s. The Kandahari sells for a little less than half 
this price, and the Balkhi for a little more. The Mansurabadi is not much exported, being mostly 
consumed in the country. The cultivation is conducted with great care, and tte same plants yield 
two crops of leaves in the year. Of these, the first, which is called sargul, is the best, the leaves 
having a mild and sweet flavour ; it is mostly consumed by the wealthy classes, or exported. The 
second crop is called mundhai : the leaves have a tough and fibrous texture, and a strong acrid taste ; 
it is usually smoked by the poor people, and is also made into snuff. The plants are raised from 
seed in small beds, prepared for the purpose by careful manuring with wood-ashes and stable-refuse 
mixed together. From these nurseries, the young plants are transplanted into the fields, previously 
prepared for their reception, the earth being laid oat in regular ridges and furrows. The plants 
are fixed into the sides of these little ridges, and watered by means of the intervening furrows. 
Often the young plants, packed in moist clay, and bound up in straw, are conveyed to distant parts 
of the country ; but the produce of these, it is said, does not equal that of the plants reared 
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ftt Kandahar. About six weeks after transplanting, that is, about May-Jnne, the first crop is 
reaped, the whole plant being cut away about 6 in. from the ground, and only some five or six of the 
lowest leaves being left. Each plant, as cut, ia>laid on the ridge, and here each side is alternately 
exposed for a night and a day to the effects of the dew and sun, by which their green colour becomes 
brown. After this, they are collected in large heaps in a corner of the field, and covered over with 
mats, or a layer of straw, &o., and allowed to remain so for 8-10 days, during which the stems shrivel, 
and give up their moisture to the leaves. At the end of this time, the heaps are conveyed away 
into the villages, where the stalks are separated from the leaves, the latter are then dried in the 
shade and tightly packed in bundles about 14 in. square, and in this shape are sold by the grower. 
After the first crop is gathered, the ground is turned with a spade, well manure^ and freely 
irrigated. In due course, the old stems shoot up and produce fresh leaves, and in six weeks or two 
months, the second crop is cut. Sometimes, though seldom, a third crop is realized, but the quality 
of this tobacco is very inferior, and only fit for making snuff. 

Africa. — The tobacco-plant extends throughout Central and E. Africa, wherever the equinoctial 
rains fall. It is cultivated to some extent in the Bondei of TJsambara, but seems to be the special 
product of the Handei district, whence considerable quantities are sent to Pangani for 'export. 
Usambara also exports to Zanzibar stiff, thin, round cakes, which have been pounded in wooden 
mortars, and neatly packed in plantain-leaves. It is dark and well-fiavoured. The Cape of 
Good Hope, in 1865, had 933 morjen (of 2 ‘116 acres) under tobacco, 3 rielding 1,632,7461b.; in 
1875, 1243 morgen afforded 3,060,241 lb. Tobacco is grown considerably in Ondtshom and other 
districts of the Cape Colony, and on the warmer farms in the Transvaal, but to the greatest extent 
on the coast. The supply is already sufBcient for local demands, and tobacco promises to become 
a staple of S. African agricultural industry. 

Algeria. — Tobacco-growing is a very important industry in Algeria. The culture and manu- 
facture are quite free, but the French Government buys all the best produce, for manufacture and 
sale by the State factory in Paria The cultivation continues to increase, and is highly remunerative 
where the land is capable of irrigation. In 1876-7, the 1889 Europeans engaged in it cultivated 
2471 hectares (of 2J acres), and produced 2,782,500 kilo. ; the 8021 natives cultivated 4154 hectares, 
which yielded 1,889,124 kilo. The year 1877-8 was less favourable, and the area decreased by 
425 hectares. Still worse results were expected in 1878-9, owing to scarcity of water. The kind 
most grown is called cAeMi. The produce per hectare of fine and chelH is estimated at 6-8 quintals ; 
the other kinds give 10-12. The exports in 1877 and 1878 respectively were as follows : — Manu- 
factured, 121,090 kilo., and 124,117 kilo. ; unmanufactured, 3,445,441 kilo, and 1,509,266 kilo. In 1879, 
1087 Europeans planted 3180 hectares, and gathered 1,226,181 kilo.; 11,079 natives planted 6584 
hectares, and produced 1,384,802 kilo, ; the exports were 2,481,218 kilo, unmanufactured, and 
146,345 kilo, manufactured. 

Australia. — In the year ending 31st March, 1879, New South Wales had 835 acres under 
tobacco, and the crop amounted to 7932 cwt. In the same year, Victoria cultivated 1936 acres, 
which yielded 15,662 cwt., valued at 43,853/. Queensland grew 36 acres of tobacco in 1879. 

Austro-Hungary, — The manufecture and sale of tobacco is a Government monopoly in the Austro- 
Hungarian Empire, and the revenue thus derived is the most lucrative item of the indirect income 
of the State. The only tobuca>grovring provinces of Austria are Galicia and Bukowina, producing 
about 4 million kilo, from 2900 hectares; and S. Tyrol, where 290 hectares yield almost 4 million kUo. 
of green tobacco. The respective approximate values of the two products are 18^ jkrrin (of Is. lljd.) 
and 4| florin per lOO kilo. The chief supplies are furnished by Hungary, which was once so noted 
for its tobacco, but the industry is now completely crippled by the fiscal regulations. The area (in 
acres) under cultivation fluctuates remarkably ; in 1860, it was 679i ; in 1865, 68,141 ; in 1869 
843i ; in 1875, 26,817 ; in 1879, 7316. The total areas (in acres) under cultivation in the whole 
empire in 1876, 1877, and 1878 respectively were : 144,493, 148,126, 143,447 ; the yields in kilos . ; 
46,033,163, 44,164,038, 40,978,540 ; and the yield (in kilos.) per joch (of 1 ■ 43 acre) ; 445, 426, 408'. 
Fiume, in 1877, exported by sea 2862 cwt. of manufactured tobacco ; and by land, 31,200 cwt. of 
leaf, and 53,712 cwt. of manufactured. In 1879, it shipped 9900 kUo. of leaf tobacco direct to 
England. 

Borneo. — Tobacco is grown in small quantities by the Hyaks and people of Bruni ; but they are 
unstdlful in its manufacture, though the flavour of the product of Bruni is much esteemed by 
Europeans. Under skilful management, and by introducing a better kind if necessary, it might 
become as profitable to this island as it now is to the neighbouring ones of the Philippines, Java, Ac. 
The Dyaks might be more readily induced to cultivate this plant, the nature of which they know, 
than plants which are strange to them. 

Brazil. — In Brazil, tobacco is chiefly cultivated in the provinces of Bahia, Minas, Sao Paulo, and 
Para. The town of Puriflcaqao, in Bahia, is the centre of an important district. The cultivation 
is increasing, and greater care is being taken in the preparation. The common up-country method 
is to pick the leaves from the stalks, dry them under the hut-roofs, remove the midribs, and spread 
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In snperpoBed Isyera^ amounting to 2-8 lb., fur rolling together and binding with bai^ strips. 
These rolls are bonnd vwy tightly with cord, and left for several days, when the cord is replaced 
by strips of jacitdra, the split stem of a climbing palm (Desnumcas sp, div.), and have a stick-like 
form 1§ in. in diameter. They are sold in masas of 4-6 ft. in length, but the tobacco is not con- 
sidered good till it has fermented for 5-6 months, when it is hard and black, and shaved off as 
icqnired for pipes, cigarettes, and cigars, the last made with wrappers of tauari bark (fiaaratari 
guianensis). The Tapajos tobacco is considered the finest in the Amazon valley. The export ot 
tobacco from Bahia in 1877-8 was 17,272,678 kilo., and in 1878-9, 18,149,201 kilo., almost the whole 
being to Germany. Santos, in 1878-9, shipped 381,310 kilo. Bahia sends away immense numbers 
of cigars coastwise. Maceio exported 4336/. worth in 1876, bnt none in 1879. 

China. — The chief tobacco-growing provinces of China are Chihli, Hopih, Hoonan, Szechuen, 
and Shingking. The nse of tobacco is wide-spread and common, and considerable local trade is 
carried on in it. The exports from Amoy were 2573 piculs(o( 133^ lb.), value 13,561/., in 1877 ; and 
3994^ piculs, value 17,936/. in 1878. Wenchow exported 27i piculs of leaf in 1878, and 321^ in 
1879. The exports and re-exports from Hankow in 1878 were 65,070} piculs of leaf, and 46,241} 
of prepared. In 1879, Hankow exported and re-exported 63,180 piculs prepared, value 311,754/., 
and 58,094 of leaf, value 118,534/. There is an immense supply from the provinces, and the leaf 
is fine in colour, texture, and fragrance, but though sent to America and England for cigar-making, 
the trade has not been remunerative. It is now used in cigarettes and various cut mixtures as 
“ Turkish,” but when better known, will be smoked on its own merits. Canton exported 1730} 
piculs in 1877, 1742} in 1878, and 2397 in 1879. The exports of leaf from Ningpo were 407 piculs 
in 1874, 571 in 1875, 211 in 1876, 530 in 1877, 378 in 1878, and 165 in 1879. Kiungchow exported 
449} piculs of leaf in 1878 ; and 85} piculs, value 136/. in 1879. Kinkiang exported 28,120} piculs 
of leaf, value 35,678/^ in 1878 ; and 14,659 of leaf, and 802 of stalk, in 1879. 

Chinkiang imported 13,328 piculs of leaf, and 1914 of prepared in 1879. Macao receives tobacco 
from the Hokshan district, and prepares it for exportation to Java, the Straits, and California, the 
annnsd export being about 10,000 piculs, lire Newchwang imports of prepared native tobacco were 
8052 piculs in 1877, 8354 in 1878, and 6630 in 1879. Shanghai, in 1879, imported 58,460 piculs of 
native leaf, 79,081} of prepared, and 1187} of stalk; and exported and re-exported 31,541 of leaf, 
and 29,672} of prepared. Taiwan imported 3017} piculs of prepared native in 1879. Tientsin 
exported 1047-} piculs native tobacco in 1878, and 693} m 1879. Tobacco is grown in the hilly 
districts near Wuhu ; the leaves are gather^ in October, and sun-dried on wicker-work frames. 
The exports in 1879 were 597^ piculs of leaf, and 742 of prepared. 

Cochin-China. — ^The culture of tobacco is extending in Cochin-China, and it is even said that a 
considerable quantity is exported to China, but it improves little in quality. The area reported to 
be under tobacco-crdtivation in 1878 (including coffee) was 2361 acres. 

Ecuador. — The tobacco-crop of Ecuador for 1879 was not so large as usual, owing to an unfavour- 
able season. Esmeraldas, the most northerly port, and whence nearly all the tobacco shipments are 
made, despatched about 3000 quintals in 1879. Guayaquil exported 150 quintals in 1877, none in 
1878, and 10 in 1879. 

Fiji. — The Fiji Islands are well adapted to tobacco-culture. The natives produce a good deal, 
which nearly approaches the American leaf. With careful curing, it would find a market in England. 
The native product is rolled, which prevents its being made into cigars. Samples of leaf-tobacco 
in hands, raised from foreign seeds, exhibited very unequal qualities, and a tendency to revert to 
American forms, the Havana returning to the Virginian type. Cut up for smoking, they were 
deficient in flavour, but were considered satisfactory as a first experiment. 

France. — The area occupied by tobacco in France in 1873 was 14,858 hectares (of 2} acres), 
yielding at the rate of 12 quintals (of 220} lb.). The amount of land authorized to grow tobacco in 
Pas de Calfls in 1879 was 2100 acres, and the quantity furnished to the Government was 3,659,636 lb., 
the prices (per iSo.) paid by the Government being 1 fr. 45c. for Ists, 1 fr. 12c. for 2nds, 88c. for Srds, 
and 10-66c. for other inferior qualities. The number of plants grown per acre is about 17,000. The 
department Kord affords rather more than Fas de Calais. 

Germany. — The total area of land engaged in growing tobacco in Germany in 1878 was about 
44,520 acres ; nearly two-thirds of this total was distributed among Bhenish Bavaria, Baden, S. Hesse, 
and Alsace-Lorraine. The total consumption of tobacco in the German empire in that year was 
2,196,000 cwt. The home production was 596,776 cwk, the remainder being imported. 

Greece. — The production of tobacco in Greece is about 4 million okes (of 2} lb.) annually. 
Patras, in 1878, exported 300 tons to Holland, Austria, and Turkey, at a value of 25-30/. a ton. 
The values of the exports from Syra, in 1879, were 3503/. to Great Britain, 2325/. to Turkey, 88/. to 
the Hanubian Principalities, 236/. to France, 554/. to Austria, 436/. to Egypt, 1605/. to Bnssia ; 
and in 1878, 1528/. to Turkey, 1875/. to Great Britain, 93/. to the Danubian Principalities, 441/. 
to Austria, 334/. to France, 266/. to Bnssia, 39/. to Egypt. 

Holland. — There were 4117 acres under tobacco in Holland in 1878, which produced 3,132,875 kilo. 
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Ttle imports of tobacco into Holland in 1878 were as follows : — Maryland, 5249, Kentucky, 500, and 
Yii^inian, 107 hogsheads ; Java, 87,998, seed leaf, 100, Sumatra, 33,671 packages. In 1876 and 
1877, there were 5900 and 3993 packages respectively tom Bio Grande. The exports of leaf tom 
Holland in 1879 were 3,900,000 kih. 

India. — An immense area is occupied in producing tobacco in India. In Madras, Hindignl is 
the great tobacco district, and cheroots are mannfactnred at Trichinopoli. The islands in the delta 
of the Godavari also yield Ivnia tobacco, the climate being suitable, and the plants being raised on 
rather poor, light soil, highly manured and well watered. Manilla seeds hare been tried on the 
lower Falnai KUs, but the Wynaad has proved to be the best locality. In Bombay, the Kaira and 
Khandesh tobaccos are superior ; altogether over 40,000 acres were under the crop in this presidency 
in 1871-2, and the exports were 3 million lb. Shiraz and Manilla seeds yield good plants in Gnjrat, 
and Khandesh. The total areas under tobacco in 1871-2 were thus returned: — Bengal, about 
300,000 acres ; Punjab, over 90,000 ; Oudh, 69,500 ; Kungpore, 60,000 (affording the so-called 
“Burma cheroots”); Central Provinces, 55,000; Tirhoot, 40,000 ; Cooch Behar, 24,000 ; Mysore, 
20,000 ; Dinagepore, 20,000 ; Pumeah, 20,000 ; Behar, 18,500 ; Burma, 13,000 ; Monghyr, 9-10,000 ; 
Kuddea, 9-10,000. The best tobacco districts are said to be Sandoway and the island of Chednba, 
in Arracan; Bnngpore, in Bengal; and Bhilsa, in the Central Provinces. The results of many 
analyses of S. Indian tobaccos show that their ash seldom contains more than 5-6 per cent, of 
carbonate of potash, while American range tom 20 to 40 per cent., indicating the poverty of the 
Indian boUs in this important ingredient. It might, however, be supplied at moderate cost in the 
shape of saltpetre, which is actually exported largely tom the tobacco-growing districts. 

The bulk of the Indian tobacco exported consists of leaf, the kinds chiefly shipped being the 
“ Bispah ” and “ Poolah ” varieties of the Bnngpore kind ; the quantities of cigars and other mann- 
flustured tobacco exported are verysmaU. The exports in lbs. for the last four years were: — 



1876-«. 

j i8t6-n. 

1877-T8. 

i8r&-r9. 

Unmanufluitured 

22,861,711 

10,508,720 

10,594,604 

13,279,158 

Manufactured: 

Cigars 

Ouer sorts 

152,189 

190,136 

189,742 

196,759 

232,720 

205,033 

317,887 

247,743 

Total 

23,246,620 

10,903,889 

11.102,233 

i 

13,723,660 


On the other hand, a considerable quantity of manufactured tobacco, averaging over 
IJ million lb. yearly, is imported, showing that India is still merely a producer of raw material, and 
is dependent upon other countries for the manufactured article in a condition flt for consumption. 
Even as regards the raw material, India might do a great deal more than at present, for there would 
be a large and constant demand on the continent of Europe for Indian leaf, if it could be obtained 
of somewhat better quality. The French and Italian tobacco departments are prepared to take 
Indian tobacco in large quantities, if it can be supplied of a quality suited to their purposes ; and 
there would also be an extensive demand tom Austria and Germany. Although the shipments 
consist mainly of leaf tobacco, and that not of good quality, tobacco-manufacture is now making a 
promising beginning. In the enterprise being carried on at Ghazipore, in the N.-W. Provinces, and 
at Poosah, in Bengal, both the cultivation and manufacture are under the supervision of skilled 
American growers and curers. Some of this tobacco sent to the Admmistration des Tabacs in Paris 
has been very favourably reported on. The factory at Ghazipore is now turning out about 500 lb. 
a day of all classes, the greater part being black cavendish and honeydew, for the ttrmy. The 
machinery is capable of turning out 3500 lb. a day, as soon as sufBcient hands have been trained. 

Hitherto no Indian tobacco has realized any valuation approaching that of American. The average 
price of the American “ shipping tobacco ” is 5-6d. a lb., higher' classes of bright leaf tom Virginia 
realize as much as 7-13(f. a lb., while the price of Indian tobacco has generally been l-2<i. a lb. 
But the 15,000 lb. of Poosah leaf tom the 1877 crop reached England when American shipping 
leaf was at 4-5d. a lb., or 25 per cent, below the normal rate. The consignment was, moreover, 
pecked in rather damp order, and contained a quantity of moisture which caused it to be assessed 
under the highest rate of the new tariff, which imposes 3«. lOd. duty when the moisture is over 
10 per cent., against 3s. fld. imder 10 per cent. This made a difference in the value, estimated at 
Id. a lb. The price obtained was Sfd., which would have been 4|d. had the tobacco been drier, and 
the sale has been followed by orders of large shipments. 

The high prices, too, realized for the best samples of the 1876 and 1877 crops, indicate that 
Indian leaf can be turned out equal to the best shipping tobacco tom America. A tierce of strips 
from the 1876-77 crop tom Ghazipore sold for Id. a lb., and the greater part of the rest for 5d. or 
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mate, -while a portion of the Foorah leaf of 18T7-78 was valued at 5d. when the market was 25 per 
cent below normal rates. These fiwits seem to goarantee fntore snocess, since the quantity of the 
higher classes can be largely increased, and a greater portion of the crop be brought to the same 
higher level. The chief point to be ascertained was whether a sufficiently high level could be 
attained at all. It has been attained. The cured leaf of 1878 is very much superior to any 
hitherto turned out, especially that from Ghazipore. A new market is not unlikely to open in 
France. The French Government have already asked for a consignment for trial of 1000-1500 lb. 

The reason why the manufacture of smoking tobacco for Indian consumption has occupied so 
large a share in the operations is, that the Indian market, though small, pays far more handsome 
profits than the English market. The price paid for reasonably good American manufactured 
tobacco in India ranges from one to three rupees a lb. Ghazipore and Poosah tobacco is sold at half 
that price, at a much higher profit tlian can be obtained by sending cured leaf to England. 

While Indian cured leaf can find a sale in the English market at prices which -will enable it to 
compete there with American cured leaf, Indian manufactured leaf is proved to competosuccessfully 
with American manufactured leaf in India itself^ with a &ir prospect of success in a similar com- 
petition in the colonies. It may be stated in general terms that id. a lb. for cured leaf in England, 
and 6-10 annas for manufactured leaf in India, will secure sufficient or even handsome profits. 
The opening for profits -will perhaps be better understood if it is explained that Id. a lb. represents 
an asset of about 5/. an acre. The one great advantage which India has over America is cheap 
labour. It is now proved that the leaf is, for all practical purposes, as good as the American leaf, 
and there is hardly any doubt that America cannot afford to send home leaf at the price at which 
India can sell. 

The exports of tobacco firom British India during the years 187-1-5 to 1878-9 have been as 
follows : — 



1876. 

1876. 

1877. 

1878. 

1879. 

Unmanufactured .. lb. 

Manufactured .. 

33,411.504 

425,040 

2,999,940 

22,861,711 

384,909 

10,508,720 

395,169 

10,594,604 

507,629 

13,279,158 

444,502 


Italy. — Tobacco is cultivated in Italy in the provinces of Ancona, Benevento, Terra di Lavoro, 
Principato Citeriore, Terra d’Otranto, Umbria, Vicenza, and Sardinia. The area and produce in 
the following years were : — ^in 1870, 9511 acres, 67,192 cwt. ; 1872, 12,256 acres, 82,319 cwt. ; 1871, 
8202 acres, 90,300 cwt. The exports from Naples in 1879 were 2006 kilo,, value lOH. 

Japan. — Japanese tobacco is well-known in the London market, hut it is often in a soft con- 
dition, and then scarcely saleable. More care is needed in drying it before packing. 

Java. — ^Tobacco, termed by the natives fombdku, or sdta, is an article of very general cultivation 
in Java, but is only extensively raised for exportation in the central districts of Eedu and Ban- 
ynmas. As it requires a soil of the richest mould, but at the same time not subject to inundations, 
these districts hold out peculiar advantages to the tobacco-planter, not to be found on the low lands. 
For internal consumption, small quantities are raised in convenient spots everywhere. In Kedn, 
tobacco forms, after rice, by far the most important article of cultivation, and, in consequence of 
the fitness of the soil, the plant grows to the height of 8-10 ft., on lands not previously dressed or 
manured, with a luxuriance seldom witnessed in India. Cultivated here alternately with rice, 
only one crop of either is obtained within the yeax ; but after the harvest of the rice, or the gathering 
of the tobacco-leaves, Jhe land is allowed to remain fiillow, till the season again arrives for pre- 
paring it to receive the other. The young plant is not raised within the district, but procured fiom 
the high lands in the vicinity, principally from the district of Kalibeher, on the slope of the moun- 
tain Dieng or Prahu, where it is raised and sold by the hundred to the cultivators of the adjoining 
districts. The transplantation takes place in June, and the plant is at its full growth in October. 
The exports in the year 1877-8 were 212,500 picafa to Holland, and 213 to Singapore ; in 1878-9, 
they were 248,566 piculs to Holland, and 872 to Singapore. The value of the export to Holland in 
1879 was stated at 1,250,0001. 

Persia. — The whole of the eastern coast of the Black Sea, L e. Mingrelia, Lazistan, Abkheisia, 
and Circassia, is admirably suited for tobacco cultivation. The country between Poti and Siikhiim 
Kale contains admirable sites for tobacco-plantations, labour for which can be got from Trebizond. 
A great demand for tobacco of good quality exists in the country, and a practical planter should do 
well. A quantity of coarse, badly-cured tobacco, of no commercial value, is produced in Imeritia 
and Georgia. Great success has attended the culture in Ghilan. The first seed introduced was 
from Samsonn ; since then Tenija seed has been tried, and some parcels attained the standard of 
the best Turkish tobacco. It can be produced at about 20s. a pood (of 36 lb.), giving a profit of 
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22s. a owt. Hitherto the cnltivatioii has been confined to the plains, where both soil and atmo- 
ephete are damp, bnt it might be worth trying the hill-skirts. About 2000 cwt. were produced in 
1878. The exports of tobacco, the produce of Ghilan, from Besht to Bussia were valued at 4615/. 
in 1878, and 6154/. in 1879. The values (in rupees) of the exports in 1879 were 13,000 from 
Bushire, 73,500 from Lingah, and 35,000 from Bahrein. 

Philippines. — The soil and climate of the Philippines are eminently suited to tobacco-culture ; 
but the unjust Spanish monopoly cripples the industry, and it is declining. Next to the Cuban 
(V uelta abejo) and a few prime Turkish sorts, Manilla tobacco is admitted to be the best. Most of 
the Philippines produce it. According to the quality of the produce, the provinces rank as follows: 
— (1) Cayagan and Ysabel, (2) Ygorrotes, (3) Island of Mindanao, (4) Bisayas, (5) New Ecija. 
On the average, over 400 million cigars, and a quantity of tobacco sufficient to bring up the total 
weight to 56,000 cwt, are annually exported. The advantage of the plantations in Cayagan lies in 
the annual deposit of alluvial matters by the overflowing of the large streams. The cultivation in 
Bisayas promises to become extinct, whereas if the natives were free to sell in the best market, the 
industry would increase immensely. The yield of the Cebu district in 1878 was 8780 quintals, the 
whole of which went to the cigar factories of Cadix and Alicante. The exports from Manilla 
were in 1877, 17,526,700 lb. tobacco, value 525,801/. ; 87,007,000 cigars, value 243,619 /. ; 1878, 
15,630,4001b. tobacco, value 468,918/.; 136,835,000 cigars, value 383,136/.; 1879, 9971 quintals 
(of lOlJ lb.) tobacco leaf to Great Britain, and 74,490 quintals to Spain ; cigars, 10,571,000 to Great 
Britain, 6,557,000 to Australia, 44,586,000 to the Straits Settlements and India, 25,861,000 to China 
and Japan, 693,000 to the United States, 100,000 to California, 1,521,000 to Spain and the Con- 
tinent; the total values amounted to 480,263/. The exports of tobacco from YloUo were 25,454 
pictt/s (of 133J lb.) in 1878, and 20,600 quintals (of lOlJ lb.) in 1879, all to Spain. 

Servia. — It is estimated that there are 4000 acres under tobacco-culture in Servia. 

Spain. — The port of Cadiz is a great centre of the tobacco industry. The imports here in 
1878 were ; — 123 kilo, from Germany, 304,538 kilo, from the United States, and 6,776,900 kilo, from 
Spanish colonies ; the exports were 15,600 kilo, to Germany, and 213,846 kilo, to France. 

Turkey. — The Turkish Empire has long been known as producing some of the finest tobaccos in 
the world. In the sanjac of Drama, which forms the vice-consular district of Cavalla, tobacco is 
the staple article of production and industry, and some 75,000 acres were devoted to its culture in 
1873. The whole crop of 1871 was reckoned at 11,200,000 lb., the exports having been 7,600,000 lb., 
value 37,825/. The tobacco of this district, though derived entirely from one species, is divided 
into two classes, known as Drama and Tenidji. The former leaf is larger, stouter, and more potent, 
and generally of deep reddish-brown colour ; the latter is smaller, slighter, less narcotic, with a 
peculiarly delicate aroma, and the best is of a rich yellow colour, whence its name “ golden-leaf.” 
The Drama kind is principally grown in the western portion of the district, and is the class supplied 
to European markets. The differences in the two kinds seem to be due solely to the soiL 

The plantations in the Drama district proper occupy both plain and hUl-side. The produce of 
the former is much the more considerable, and superior. The beat leaves, distinguished by a 
stronger and more substantial texture, and a dark-red hue, go to Constantinople ; the inferior and 
lighter-coloured find a sale in Bussia. The mountain product is much inferior in quality and is 
sent chiefly to Europe. When the leaves are petiolate, or furnished with stems, they are made up 
in manoks (“ hands ”) of 10-15, and termed bashi-bagkli (” head-tied ”) ; when the leaves are sessile 
or devoid of stems, they are simply pressed tc^ether in small numbers, and called bassma. The 
whole produce of this locality varies from 2,100,000 to 2,450,000 lb. yearly. The growth obtained 
in the Vale of Fravista is known as Demirli. It is inferior, unsubstantial, and dark-coloured, and 
usually meule up as tashi-baghli. The aimusil production is about 2 million lb. ; the exports to 
England were 1,600,000 lb. in 1871. Cavalla affords yearly about 300,000*lb. of inferior quality, 
chiefly as basM-iaghli, and mostly consumed locally. The dripping port for all these places is 
Cavalla. 

The district of Sarishaban produces on the average about 2,000,000 lb. annually, but the crop of 
1871 reached 2,800,000 lb. Almut | is as bashi-bagkli. That grown on the plain and hills is termed 
ghynbei, and forms the bulk; that from the slopes, about 500,000 lb. a year, is the beat and is 
known as ghubek. All is packed up in small bogkchas (parcels), of 30-50 lb., which are distintreished 
as beyaz, from the white cotton wrappers used for the best sort, and kenavir, from the canvas 
coverings of the inferior kinds. The best goes to Constantinople, secondary to Smyrna and other 
home markets, and the worst to Europe. The district of Yenidji, near the Gulf of Lagos, affords 
some 3,500,000 lb. per annum, chiefly as bassma, and bearing a very general resemblance to the 
produce of Sarishaban. The best goes to Cormtantinople and Bussia. Ghiumirgina (Ghumur- 
djina, or Eomuldsina), grows about 300,000 lb. yearly of dark-coloured bassma, of the Drama class, 
which is used locally ; and Sultan- Yeri gives 400,000 lb. of still darker bashi-baghli. The produce 
of these districts is shipped at Lagos (Earagatch) or Cavalla. 

The most delicate and vabued of all the tobaccos raised in this portion of European Turkey is 
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the celebiated “ goldett leaf” from the caza of Yeaidji, on the Vardar (Nestns) river. After it, in 
declining order, come the prodnoia of Drama, Fersoccian, Sarishaban, Cavalla, and Pravista. Of 
the whole Drama and Yenidji produce, it is estimated that Anstro-Hnngary takes 40 per cent. 
Italy buys annnaUy about 150,000-200,000 kilo. France, Germany, and Switzerland receive very 
little. Bnssia is a large cnstomer. Before the war, considerable quantities were sent to the 
countries on the Lower Danube. England imports every year some 10,000 bales, or 400,000 oiea 
(of 2 '83 lb.) of Pravista tobacco. The refusa, or waste leaves, &c., is sent everywhere for making 
into cigarettes, most largely perhaps to Egypt. A kind of tobacco known as ayiasoulouk is grown 
in considerable quantities in the opium districts, almost exclusively for export to Europe, the 
natives having a strong prejudice against it. 

The necessity for manuring is well understood by the Turks. They dress the seed-beds with 
goat- and sheep-dung, and manure the fields during winter with horse- and cattle-dung. In the 
spring, sheep and goats are folded on the land. The soil of tobacco lands will be found quite 
impregnated with ammonia and nitrate of potash, both absorbed by the plant ; the former is 
thought to influence the aroma, and the latter may be seen in crystals on the surface of the dried 
leaf. In order to keep the leaves small and delicate, the planting is performed very close, the 
_ usual distances being 5 in. apart, and 9 in. between the rows. 

The diArict of Latakia, in the northern part of Syria, has long been celebrated for its tobacco, 
which is the chief product of the mountainous part. There are several kinds (1) Mu Siha or 
Ztgebeli, found in its best state among the mountains of the Nesseries (Ansaries), which possesses a 
peculiar and much admired aroma, derived from its being exposed, from November to April, to the 
smoke of fires of ozer (^Quercua Ilex, or Q. Cerris); (2) Dgidar, including a number of kinds, of 
medium strength, and in great favour locally on accoimt of its tow price ; (3) Scheik-el-Bent, almost 
equal to Abu-Siha, and often substituted fur it. 

The plain of Konra is remarkable for its tobaccos, which are rather strong, bnt mnch admired. 
The villages of Lebail and Serai produce better tobacco than Konra. The district of Gebail 
(Gebel) in Kesrasan (Castravau) affords the best and dearest tobacco in Syria ; it is very brittle, and 
its ash is quite white. The country south of Lebanon yields very oidinary qualities, known as 
Salili, Tanoae, and Taktbe, or generically as Berraomi ; these are mixed with stronger kinds for use. 
The beat of the Abu-Riha is yielded by the plant called Kam-el-Gazel ; the second quality is termed 
Bonati. 

The exports of tobacco from Alexandretta in 1879 were : — To Egypt, 91 tons, value 63801. ; 
Turkey, 24 tons, 1920/. ; England, 51 tons, 2550/. ; France, 1 ton, 80/. The exports from Aleppo in 
1878 were 30 tons, value 1200/., to Great Britain. The yield of the crop in Thessaly was 
1,116,000 okes (of 2-83 lb.) in 1877, 210,000 in 1878, and 890,000 in 1879. The crop of Prevesa in 
1878 was 4000 okes, value 215/. The exports from Dedeagatch were about 260 bales, value 1000/., 
in 1878 : and 600 bales, value 2400/., in 1879. Considerable quantities are grown around Sinope. 
Tobacco is one of the principal products of the district of Samsoun, and is of good quality. The 
average yield is 7,000,000 lb. yearly. It is grown near the sea-shore, and not eastward of Yomurah, 
at Matchka and Trebizond, and especially at Akcb4-Abad. Bnt the aggregate crop in these 
localities is hardly ^ of the quantity produced at Samsoun, and the quality is far inferior. The 
Samsoun product is usually purchased largely on account of the French Government. The exports 
from Samsoun in 1878 were : — To Turkey, 2,680,000 kilo., value 160,800/. ; France, 583,500 kilo., 
28,008/. ; Bussia, 575,000 kilo., 57,500/. ; Germany, 400,000 kilo., 7200/. ; Austria, 327,220 kilo., 31,266/. 
Great Britain, 87,567 kilo., 1576/. ; total, 4,653,287 kilo., 286,350/. The exports of Turkey- 
produced tobacco from Trebizond in 1879 were ; — ^To Turkey, 14,864 cwt., value 44,592/. ; Bnssia, 
866 cwt, 2598/. ; Great Britain, 490 cwt, 1470/. ; Austria and Germany, 204 cwt, 612/. ; total, 
16,424 cwt, 49,272/. 

United States. — The United States of America occupy the foremost rank among tobacco-growing 
countries. The areas and productions have been as follows : — 1875, 559,049 acres, 379,347,000 lb. ; 
1876, 540,457 acres, 381,002,000 lb. ; 1877, 720,344 acres, 489,000,000 lb. ; 1878, 542,850 acres, 
392,546,700 lb. The crop of 1875 (in millions of lb.) was thus contributed : — Kentucky, 130 ; 
Virginia, 57 ; Missouri, 40 ; Tennessee, 35 ; Maryland, 22 ; Peimsylvania, 16 ; N. Carolina, 14| ; 
Ohio, 13J ; Indiana, 12i ; Connecticut, 10 ; Massachusetts, 8j ; Illinois, 8. The average yields 
(in lb. per acre) of the various districts in 1875 were : — Connecticut, 1600 ; Pennsylvania, 1600 ; 
New Hampshire, 1600 ; Massachusetts, 1350 ; Missouri, 850 ; Arkansas, 822 ; New York, 800 ; 
Florida, 750; Ohio, 700; W. Virginia, 680 ; Maryland, 675; Tennessee, 675 ; Kansas, 670 ; Texas, 
650 ; Kentucky, 630 ; Virginia, 630 ; Illinois, 550; Georgia, 550 ; N. Carolina, 500 ; Indiana, 500 ; 
Wisconsin, 500 ; Alabama, 465 ; Mississippi, 317. The exports from New York in 1878 were : — 
37,484 hogsheads, 2561 bales, and 24218,200 lb. manufactured, to Great Britain; 15,570 hh., 207 
bales, and 14,800 lb. manufactured, to France ; 35,700 hb., 78,331 bales, and 147,400 lb. mann- 
factnied, to N. Europe ; 23,150 hh., 6058 bales, and 120,000 lb. manufactured, to otlier Europe ; 
4628 hh., 14,360 bales, and 4,7804100 lb. manuiactored, to S. America, E. and W. Indies, &c. 
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Baltimore exported 66,039 hh. in 1878. The ehipments from New Orl^ns in 1877-8 were : — ■ 
1226 hh. to Great Britain, 743 to Prance, 4552 to N. Kurope, 3222 to S. Europe, Mexico, &o., and 
4500 coastwise. Philadelphia, in 1879, exported 9,564,171 lb. of leaf tobacco, 52,000 cigars, and 
515 Jb. of snuff. The total American export of unmanufactured leaf in 1879 was 322,280,000 lb. 

W. Indies. — The Spanish possessions in the W. Indies are well known for their tobacco. The 
best is produced on the vuelta abajo, or low-lying districts of Cuba, ne.sr Havana, which are yearly 
flooded during the autumn, just before the tobacco is transplanted. To this fact, and the peculiar 
suitability of the seasons, the excellence of this particular product is attributed. The exports from 
Havana in 1878 were 93,603 bales tobacco, 75,212,268 cigars, 203,581 bundles cigarettes, to the 
United States ; 6169 bales tobacco, 66,795,330 cigars, 5,034,774 bundles cigarettes, to England ; 
32,582 bales tobacco, 9,541,498 cigars, 133,008 bundles cigarettes, to Spain ; 582 bales tobacco, 
3,861,700 cigars, 8206 bundles cigarettes, to N. Europe ; 5671 bales tobacco, 18,327,025 cigars, 
797,513 bundles cigarettes, to France ; 41 bales tobacco, 900,850 cigars, 5,709,442 bundles cigarettes, 
to other countries. Tue totals for 1878 were 7,078,904 kilo, of tobacco, 182,356 thousand cigars, and 
12,816,903 packets of cigarettes ; in 1879, 6,371,014 kilo, of tobacco, 145,885 thousand cigars, and 
14,098,693 packets of cigarettes. The tobacco exports in 1879 from St. Jago de Cuba were 9653 
bales to Bremen, 4015 to the United States (chiefly for Bremen), and 1809 coastwise, total 15,477, ^ 
against 10,249 in 1878. In the island of Puerto Eico, the tobacco-plant thrives weD, and the 
quality, especially in the Kio de la Plata district, is very good. In 1878, the island exported 
8 quintals (of lOlJ lb.) to the United States, 32,109 to Spain, 4198 to Germany, and 18,123 to other 
countries. 

The British W. Indies have only recently appreciated the importance of tobacco cultivation. 
Many portions of Jamaica seem as well fitted for it as the tyuelta abajo of Cuba, and already 
Jamaica tobacco in the Hamburg market ranks next to the best Havana, and is considered superior 
to such Cuban growths as St. Jago, Manzanillo, Yara, &c. Tobacco-cultivation may now be said 
to have a place in the industries of Jamaica, a feet mainly due to Cuban refugees. The most 
extensive plantations in the island are Potosi in St. Thomas Parish, and Morgan’s Valley in 
Clarendon. Much of the produce goes to the German market, the remainder being made into 
cigars for local consumption, and said to be quite equal to some of the best Cuban brands. Some 
experiments made with Bhilsa tobacco have given great satisfaction, on account of the robust habit 
and immense yield of the plant. It is especially adapted for very wet districts, and its cultivation 
will be widely extended, if justified by its market value. Tobacco is, and for very many years has 
been, grown by the peasantry in smaU patches ; from this, they manufacture a smoke-dried leaf, 
which, twisted together in rope form, sells readily in the home market. The acreage occupied by 
the crop was 297 in 1874-5, 442 in 1875-6, 331 in 1876-7, and 380 in 1877-8. The slopes of valleys 
in many parts of Dominica, too, are eminently suited to this crop, particularly the district between 
Boseau and Grand Bay. The experiment of tobacco-culture in New Providence on a large scale 
has not proved satisfactory, owing to the difficulties encountered in curing and preparing the leaC; 
the cigars made are fit only for local consumption. 

Preparation and Use. Manufacture of Cut-, Cake-, and EoUdobaccq ; Cigars, Cigarettes, and Snuff . — 

It is impossible to indicate the precise form in which each kind of tobacco-leaf is manufactured 
for use ; indeed, no well-defined line marks the qualifications of each sort, and the great art of the 
manufacturer is to combine the various growths in a manner to produce an article suited to tlie 
tastes of his customers, at a price suited to their pockets. But, in a general way, it may be said 
that Havana and Manilla are probably exclusively consumed in the form of cigars ; Virginia is a 
favourite for cavendish, negrohead, and black twist, and is largely converted into returns, shag, 
and snuff ; Kentucky, Missouri, and Ohio are used for cavendish, brown twist, bird’s-eye, returns, 
and shag ; Dutch and German make the commonest cigars, k’naster, moist snuffs, and smoking- 
mixtures ; Java and Japan are selected for light cigars, mixtures, and light moist shag ; Latakia, 
Turkey, Paraguay, Brazil, China, and the remainder, are used up in cigarettes, mixtures, imitations, 
and substitutes. 

Damping. — ^The tobacco-leaves are received by the manufacturer in all kinds of packages, from 
a hogshead to a seion (raw hide), and of all weights from 1 to 12 cwt. The first process they 
undergo is “ damping,” which is necessary to overcome their brittleness, and admit of their mani- 
pulation without breaking. For this purpose, the bunches (“ hands ”) are separated, and the 
leaves are scattered loosely upon a portion of the floor of the factory, recessed to retain the 
moisture. A quantity of water, which has been accurately proportioned to the absorbing qualities 
of the leaf used, and to the weight present, is applied through a fine-rosed watering-pot, and the 
mass is left usually for about 24 hours, that damped on one morning being ready for working on 
the following morning. In England, water alone is admissible (by legislative enactment) for 
damping, except in special cases to be noted subsequently; but abroad, many “sauces” are in 
vogue, their chief ingredients being salt, sal ammoniac, and sugar. 

Stripping and Sorting. — Quantities of leaf-tobacco are shipped in a condition deprived of their 
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stem md midrib, and are then known as “ stripts.’* Those which are not receiTed in this state, 
after having been damped, are passed through the hands of workmen, who fold each leaf ed^ to 
edge, and rip out the midrib by a deft twirl of the fingers, classifying the two halves of each leaf, 
and ranging the sorts in separate piles as smooth as possible. The value of the leaf greatly 
depends upon the dexterity with which the stripping is done, as the slightest tear deteriorates it. 
Stripts require sorting only. The largest and strongest leaves are selected for cutting and spinning; 
the best^shaped are reserved for the wrappers of cigars ; broken and defective pieces form fillers for 
cigars ; and the ribs are ground to make snuff. For the manufecture of “ bird’s-eye ” smoking- 
tobacco, the leaves are used without being previously stripped. 

Cutting. — Cutting is the proeess by which the damped leaves, whether stripped or not, are 
most extensively prepared for smoking in pipes and cigarettes. The tobacco-cutter which is 
in general use in this country is shown in Figs. 1001 (side elevation), 1002 (sectional elevation), 
1003 (front elevation), and 1004- (plan). The main frames a are united by stretcher-bolts 
6 ; d is a wooden-surface feeding-roller, on which the tobacco is pressed and cut ; c are the upper 
compressing- and feeding-rollers, mounted in «, carriage-plates extended backwards, forming 
the sides of the feeding-trough, and hinged to the axle m; / are levers; g, links by which the 
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weight w presses 
down the upper 
rollers ; A, a crank, 
and t, a connecting- 
link for working; j, 
the cross-head to 
which the knife A is 
fixed ; /, side-levers 
or radius-bars for 
guiding the knife, 
hinged on the eccen- 
tric ends of the axle ; 
m, an axle held in 
bearings at the back 
of the machine; on 
its middle part, which 
is concentric with its 
own bearings, are 
hinged the top roll 
carriage - plates c, 
whilst on its project- 
ing ends, which are 
slightly eccentric, the 
knife - levers I are 
hinged ; n is a worm- 
wheel segment; o, a 
worm ; p, a hand- 
wheel for turning the 
eccentric spindle n> 
through a part of a 
revolution in its bear- 
ings, for adjusting 
the contact of the 
knife with the nose- 
plate q; r, a worm ; 
s, a worm-wheel; f, 

a worm -pinion for ioo4. 

giving simultaneous 

movement to all the rollers ; «, a spindle, “universal jointed ” at both ends, for driving the upper 
rollers in positions varying with the thickness of the feed ; v, a saw-toothed ratchet-wheel, moved 
intermittently by a catch x, link y, and stud-pin z, v being changeable, and the eccentricity of z 
variable, for the purpose of regulating the fineness of the cutting. Both ends of the kmfe move 
at the same spe^ and its surface is made to clear the work by describing a slight curve. The 
knife is adjusted accurately to the nose-plate, while the machine is in motion, by varying the direo 
tion of eccentricity of the axis of the knife-levers to that of the roller-levers. The fineness of the 
cutting is regulat^ by varying the eccentricity of a movable stud-pin in a plate on the crank- 
shaft which gjves motion, through a train of speed-redncing guar, to the several rollers. The 
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knives are easily removed and replaced, and reqnire sharpening after every 4-6 honrs’ working. 
Two men attend the machine, one to keep the feed-rollers supplied, the other to watch that the 
knife is doing its work, and to remove the tobacco as fast as it is out. 

Drying. — The cut tobacco, as removed from the machine, is placed loosely in a layer several 
inches deep in a large trough, provided with a canvas false bottom ; steam is introduced between 
the true and false bottoms, and finds its way up through the tobacco, which is thus rendered more 
easily workable. It is next transferred to a similar trough having no false bottom, but a steam- 
jacketed floor instead ; here the tobacco is dry-heated, and at the same time lightened up by hand. 
Finally, it is taken to a third trough, where cold air is forced through the canvas false bottom, by 
means of a blower or fan. This last operation dries the tobacco ready for use in the course of some 
hours ; but it has the disadvantage of dispersing part of the aroma, and is therefore generally 
r^orted to only when time presses. In other cases, the drying is conducted on canvas trays. 
However performed, the drying operation needs the greatest attention, to prevent the moisture 
being extracted to such a degree as to destroy the profit which its presence confers upon the 
manufacturer. With drying, the preparation of cut tobacco for smoking in pipes is completed. 

Cake or Plug. — The manufacture of “ cake ” or “ plug ” is little carried on in this country, as the 
Excise laws exclude the use of sweetening matters, except when carried on in bond. The process 
is sufficiently simple. Virginian leaf, with or without the addition of flavourings, is sweated for a 
day or two, to deepen the colour, worked into a soft mass, and next placed in moulds, and subjected 
to sufficient pressure to ensure the cohesion of the mass. Each cake is then separately wrapped in 
perfect leaf, and passes through a series of moulds, each smaller than the last, and under increasing 
pressure in steam-jacketed cupboard-presses, of which there are many forms. The combined effect 
of the heat and pressure is to thoroughly impregnate the whole mass with the natural juices of the 
leaf and the flavouring (if any has been used), and to produce a rich dark colour. 

A machine for turning out plug-tobacco in ribbons, made by the McGowan Pump Co., New 
York, is shown in Fig. 1005. The tobacco is first weighed out in the proper quantities, and spread 


1005. 



in a box placed in spaces in a heavy iron table a. When the latter is filled, it is passed to and fro 
under the heavy iron wheels b, which are loose on the shaft, and which can be adjusted to exert 
any desired pressure. Twice passing through suffices. The ribbon is made in lengths of 10 ft., and 
either 5f in. or 2x in. wide, as desired. 

Boll or Twist.— Boll- or twist-tohaoco is made by spinning the leaf into a rope, and then 
subjecting it to hot pressure. Until recently, the spinning was performed by hand, much after the 
manner of ordinary rope-making by hand. But this slow process is now superseded by a machine 
made by Bobinson and Andrew, of Stockport ; it is spoken of in very favourable terms by Eno-lish 
manufacturers, and received a diploma of merit at the Philadelphia Exhibition. The madiine 
consists of a combination of 3 rollers, whose surfaces are made of segments, to which lateral to-and- 
fro motions are given by cams attached to the stands on which the axles of the rollers rotate. The 
tobacco occupies the central space between the 3 rollers, and it is carried through the machine by 
the lateral to-and-fro motions given to the segments. The fillers and wrappers are laid on a table 
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joined to the machine. The filler is placed in the cover, and they pass together between the 
rollers, whose action twists and compresses the tobacco into a roll; this is carried forward and 
wound on a bobbin, revolving in an open frame, and provided with a guide for equalizing the 
distribution of the tobacco. 

The machine is shown in Figs. 1006 (elevation), 1007 (plan), and 1008 (end view). The tobacco 
is laid on the table a, provided with a rib n, on which the sliding rest b is free to move to and fro ; c d 
are the two lower segmental rollers, the axles of which revolve in stationary bearings ; e is the top 
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roller, the axle of which revolves in sliding bearings, fitting in the swing-frame /, and each acted 
upon by a spring o, pressing on a pin communicating with the bearing, and putting an elastic 
pressure on the tobacco. 

Each segment-roller consists of an axle vrith four segments, best shown in Figs. 1009 and 1010. 
The outer shell of the segments is made of hard wood, fitting an inner shell of malleable cast-iron, 
the projections on which suit grooves on the cast- 
iron axle. The segments of the rollers c d are moved 
laterally to and fro by the wedge-shaped cams pqrs, 
fixed to the bearings of the roller-axles ; and the 
segments of the roller e are moved in the same 
manner by cams t u, fixed to the swing-frame /. The 
tobacco occupies the central space between the 3 
rollers, and the cams prt move the segments in the 
direction of the arrow where they touch the tobacco, 
while the cams qsu move them back. After the 
tobacco has passed beyond the segment-rollers, it 
goes through the hollow trunnion of the open frame 
g, in which the bobbin h revolves ; the other trun- 
nion of the frame g is provided with fast and loose 
pulleys, by which the whole machine is driven. To 
this trunnion, are also fixed an ordinary friction-break 
pulley, and a grooved pulley, around which latter 
passes a band for driving the pulley on the axle of the 
bobbin A. To the other end of the axle of the 
bobbin, is fixed a pinion, which, by means of a toothed chain, gives motion to another pinion 
fixed to the double screw i ; this double screw gives a traversing to-and-fro motion to the guide/, 
for distributing the tobacco evenly on the bobbin, by means of a swivel X -headed stud, connected 
with the guide, and taking into the thread of the double screw. The guide is provided with two 
horizontal grooved rollers, between which the tobacco passes, and with two other rollers to guide 
the tobacco on to the bobbin. 

Rotary motion is communicated to the segment-rollers cde as follows : — To the hollow trunnion 
of the open frame g, is afiixed a pinion, which drives the wheel A, on the same shaft as the 
change-pinion that drives the wheel gearing into the pinions on the axles of the rollers c and d. 
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and one of whidi pinions gears into the intermediate pinion 2, which drives the pinions on the axle 
of the roller e. The-driving strap is held open the fast pulley by a drop-catch acting on a 
weighted lever, one arm of which is connected by a link to the lower end of a strap fork-lever. 
When it is requisite to stop the machine, the attendant kicks the point of a catch off the end of 
the lever, which is then raised by the 
weight, and so moves the driving-strap 
from the fast to the loose pulley, the stop- 
page being virtually instantaneous. The 
mode of working is as follows : — The 
spinner and assistants stand at opposite 
sides of the table ; the fillers and wrappers 
being placed on the table, one assistant 
spreads out the wrapper and pushes the 
end towards the filler, which the spinner 
supplies and holds against the sliding rest 
b ; the rotary motion of the segment-rollers 
c d e twists the tobacco, and causes the 
wrapper to be wound over the filler, and 
the rest b, being movable, enables the 
spinner to regulate its position according 
to the quantity and quality of the filler 
and wrapper. The lateral motion of the 
segment-rollers passes the roll towards the 
bobbin, on which it is wound, as described. 

The combined rotary and traversing 
motions of the rollers consolidate the 
tobacco, and put the desired face upon the 
twist. The roller e is supported in a swing- 
frame, which is lifted off the tobacco when 
starting the machine. When the machine 
is at work, the swing-frame is held down 
by the stud m (Fig. 1006). The figures 
represent a machine suitable for manufac- 
turing Limerick roll; for pigtail and other 
small descriptions, it is necessary to reduce 
the diameter of one or more of the seg. 
ment-rollers. 

A more recent improvement in this 
machine, by J. E. A. Andrew, is shown in 
Figs. 1011 (side view), 1012 (transverse 
section), and 1013 (plan). The table a, 
rib n, and sliding-rest b, and two lower 

^gment-roUers c d, are constructed as usual; but the axles of the segment-rollers revolve in 
bearmgs g h, bolted to the flanges of swivel-frames i i, hinged upon the fulcrum-shaft x • the obiect 
of tons su^rting the tottom rolters c d is to be able to vary the distance between them’ according 
to ae thickness of the twist of tobacco that is being rolled. When the distance between the rollere 
IS fixed, the bearings are secured by bolts passing through segmental slots. The solid top roller « 
revolves in centres in sliding bearings fitting in the swing-frame/. ^ 

Aa the bobbin is fill^ it is removed, and replaced by an empty one. The rope is then unwound, 
and formed mto roUs, by the aid of a spindle with flanges at the sides, worked by a treadle under 
a cushioned weight which squeezes the coils closely ti^ether as they are wound The completed 
rolls are subjected to great pressure in steam-jacketed presse8,.in the same way, and with the same 
object, as the cakes or plugs. 

Cigars.-Cigars are composed of two parts, a core formed of pieces of leaf placed lonritudinallv 
known as “fillers,” and a covering formed of perfect leaf, called the “wrapper” Probablv 
the best cigars are made by hand, the only tools required being a short-bladed sharp knife a 
receptacle containing an emulsion of gum, and a square wooden disc or “cutting-board” A 
portion of perfect leaf is first shaped to form the wrapper of the cigar; then a bunch of fillers is 
moulded in the hand, and roUed up tighfty in the wrapper, the taper end being secured bv 
gummmg. Expert workmen make the cigars remarkably uniform in weight and shape When 
made, they are sorted according to colour, deftly trimmed at the thick end, and placed in their 
boxes in cupboards heated by gas-stoves to flnaUy dry or season before being stored for sale 

In America, machinery is introduced wherever possible. Moulds for shaping the ci^ are 
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made of hard wood, sometimes partially lined with tin, and of every possible size and form. A 
machine is made by Dnbrul and Co., of Cincinnati, for working 3 sets of moulds at once, 2 being 
kept filled up under pressure while the 3rd is being filled, or the bunches are being rolled up. A 
handy little machine for rolling the fillers for cigars is that known as Henneman's, made by Dubrul 

10X1. 1012. 
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and Co. The demand for scrap-made cigars, or those manufactured with short fillers, has caused 
the introduction of machines for cutting and sifting scrap. One made by Dubrul and Co. is shown 
in Fig. 1014. It consists essentially of a cylinder formed of hook-shaped, double-edged steel 
blades, revolving against 3 series of fixed but adjustable steel blades, thus permitting the size to 
be regulated at will. 

Cigarettes. — Cigarettes consist of paper tubes filled with cut tobacco, with or without an 
external wrapper of leaf tobacco. Preference is usually given to those made by hand, but machines 
have been introduced with some success for making the commoner kinds. A French machine for 
making cigarettes is shown in Fig. 1015. Its work consists in making the paper tubes, and filling 
them with tobacco. The paper, previously prepared, in a band about 3 in. wide, is unrolled from 
^ the coil a by means of the carriage 6, and cut oflf in pieces about 1 in. long for presentation to the 

I mandrel c, temporarily introduced into one of the tubes of the mould-carrier d. The mandrel has a 

* clamp which grasps the paper and rolls it, and, at the moment when the latter escapes from the 

A carriage, its free end is brought upon a rubber pad covered with gum, hidden in the illustration. 

The paper tube is left in the mould, the mandrel being extracted by means of the cam e ; the mould- 
carrier is then turned ^ rev. by the cam /, a new tube comes into line, and the operation is 
repeated. When 6 paper tubes are completed, tlie first one is pushed by a small piston, actuated 
by the cam g, upon the end of the fiUing-tube ; and immediately the rod h, actuated by the cam e, 
drives into this tube a portion of tobacco already prepared in the compressor i. In preparing the 
tobacco, a workman, occupying the seat m, is necessary to dispose the material in regular layers on 
a carrier, by which it is transported into the compressor. When the cigarette-envelope is filled, 
the mould-carrier again makes part of a revolution, and the finished cigarette is pushed out of the 
mould by the rod i, also actuated by the cam «; a device finally lodges the cigarettes in the box 1. 

4 B 
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One ’workman is said to be able to turn out 9600 cigarettes in 10 honre by the aid of the 

machine. i i 

Snnff Snnffis entitled to the last place in the series of tobacco manufactures, as it is tergely 

made up of the scraps, cuttings, and rejections of the preceding processes. The materials are ehopp^ 
yery fine, placed in heaps in warm damp cellars, “doctored” with yarious flayouri^, left to 
ferment for seyeral weeks, and then ground to powder in edge-runner mills, some kinds even 
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undergoing a slight roasting. When ground, the mass is passed through “mulls,” wood-lined, 
bottomless bowls, let into a bench, where the snuff is softened and rendered less powdery by means 
of pointed pins, resembling domestic rolling-pins, which slowly travel around the sides of the 
bowls. Snuff represents a highly profitable article manufactured from materials that are otherwise 
useless, and depending for its favour chiefly upon the perfumes and flavourings used. Hence 
these last are kept profoundly secret by the manu&cturer. 

From refuse tobacco which is unfit for any other purpose, is made a decoction for washing sheep 
and destroying vermin ; often the waste is ground very fine, and used 
by gardeners, presumably to keep noxious insects away. 

Miscellaneous Appliances. — The customary ingenuity of the Ameri- 
cans has invented a profusion of admirable labour-saving machines for 
almost all the operations of the tobacco-manufacturer, A few of these 
only can be noticed in the present article. 

Fig. 1016 shows a portable resweating-apparatus, intended for 
darkening the colour of tobacco to suit the dealer’s market. It measures 
4 ft. long, 3 ft. wide, and 5 ft. high, being just large enough for one 
case (400 lb.) of tobacco, including the case ; it consists of a water- 
tank a, a pipe 6 for conducting the water into the metallic pan c at the 
bottom of the apparatus, which is heated by gas-jets d. The tobacco 
is introduced by the door e, which is fitted with a thermometer. The 
roof is sloped so as to determine the flow of the water of condensation. The steaming occupies 3-5 
days, and needs occasional watching. The apparatus is made by C. S. Philips and Co., 188 Pearl 
Street, New York. 

Fig. 1017 Ulustrates a complicated machine, introduced by C. C. Clawson and Co., of Baleigh, 
N. Carolina, for putting up large quantities of tobacco in parcels of 2 oz. upwards. It consists of 
a central table provided -with automatic scales for weighing out the portion ; four equidistant guides 
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wMch determine the form of the package ; a plunger for packing, and a follower for raising the 
package; a side-tahle csirryiug tongs for holding the empty bags; and another to receive the 
packages, and hold them during tying. The hopper being supplied with tobacco, and the machine 
put in motion, each form takes a bag from the tong-table, and the article having been weighed, is 
carried to the form by a 
shute, when it drops into 
the bag, is packed by 
the plunger, and trans- 
ferred to the tying-table. 

With 2 girls or boys, it 
is said to weigh, pack, 
and tie 30 bags a 
minute. 

The New York To- 
bacco Machine Co. make 
two forms of machines 
for granulating tobacco, 
chiefly for making “ Kil- 
lickinick ” and ciga- 
rettes, their working 
capacity ranging from 
200 to 2000 lb. a day. 

The cutting-rollers are 
covered with cross-mill- 
ings at right angles to 
each other, those run- 
ning lengthwise being 
deep; the fixed cutters 
are adjustable, so that 
the cutting may be 
either coarse or fine. 

When working, the 

action is like tiiat of a pair of shears, except that the cross-millings reduce the strips to a granular 
state. Both stems and leaves may be worked up. The great advantage claimed for these 
machines is that, though the tobacco should be dry, the percentage of dust escaping is reduced to 
a nominal figure. 

A cutting-machine made by the same Co. is shown in Fig. 1018. It is adapted to cut 
leaf, stem, scrap, plug, or any form of tobacco, to any required degree of fineness, turning 
out 300-400 lb. a day. The action 
is almost precisely that of a chafif- 
cntter. The Co’s, sifting-machine 
consists of an adjustable cylindrical 
wire sieve, with a rattan-broom 
screw-roUer revolving inside. The 
stems are stripped and worked out 
at one end, while the remainder 
is broken up, and passed through 
the sieve, falling upon a perforated 
tray, through which pass the finest 
particles for snuff-making. A 
machine largely used in America is 
the stem-roller, for crushing and 
flattening the stems so that they 
may be used like leaves for making 
cigars. Great benefit is anticipated 
in the United States from the adaptation of Eyerson’s “ attrition mill ” to snuff-grinding, owing to 
the fact that the pulverization is accomplished without the particles being heated in the least 
degree. Of cigarette-making machines, there are many kinds ; the best are those which deal with 
the tobacco in a comparatively dry state, thus preventing shrinkage after packing. 

Indebtedness is acknowledged to Hy. Archer and Co., Borough, S.E., and T. Brankston and Co., 
Carter Lane, Doctors’ Commons, for opportunities of inspecting their thoroughly representative 
works, and for much information readily given concerning the manufacture in this country ; to 
W. JoUyman, of W. D. and H. O. Wills’ London house, for having revised these sheets before going 
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to press : and to Hy. A. Forrest, 61 Broadway, agent of the New York Tobacco Hachine Co., for 
valnable material relating to American machines and processes. 

Nature and Properties . — The active principle of tobacco is a volatile, highly poisonous alkaloid, 
called Nicotine (OioH,,Nj). Although green tobacco-plants contain generally more nicotine than the 
leaves after they have been prepared for the market, yet the odour is only perceptible after the 
fermentation of the leaves has set in. It has been ascertained that young leaves 2 in. long con- 
tained 2 • 8 per cent., and leaves lOJ in. broad and 16 in. long, as much as 5 ■ 6 per cent, of their 
weight of nicotine. The amount increases as the plants become ripe, and decreases on their 
becoming overripe. 

Though the narcotic effects of tobacco experienced by the smoker must partly be attributed to 
nicotine, it cannot be said that they are solely due to it. It is well known that the products of com- 
bustion of quite harmless substances are often stupefying. Good Syrian tobacco contains no 
nicotine, yet smokers consider cigars made from this tobacco to be strong. It is evident 
that the strength of a cigar, as judged by the smoker, depends greatly on tlie circumstance 
whether the tobacco bums well or not. If it burns well, a greater amount of nicotine is consumed 
and decomposed, and less of the narcotic products of combustion are created, than when it 
burns badly. Cigars of the latter description, containing little nicotine, are more narcotic in their 
effects when smoked than well-bnming cigars containing much nicotine. 

The amount of nicotine in tobacco varies very much, according to the sort of plant, the climate, 
the nature of the soil in which the plant grew, the treatment received during its growth, and the 
course adopted to prepare the leaf for the market. Dr. Nessler found that good Syrian tobacco 
contained no nicotine, Havana tobaccos between 0‘6 and 2‘0 per cent., and German tobaccos 
between O' 7 and 3' 3 per cent. Schliising fonnd in French tobacco nearly 8'0 per cent, of 
nicotine. Fine tobaccos contain generally little or no nicotine. Broughton found that the amount 
of nicotine in Indian tobaccos varies very much. The conditions favourable to the development of 
nicotine in the plants are : — Soil in a bad physical state, strong nitrogenous manure, a dry atmo- 
sphere, and probably a low temperature during the growth. 

According to Nessler, green and newly-cut tobacco-plants contain no ammonia ; it is developed 
during the drying and fermentation of the leaves, especially when they assume a brown colour. 
Tobacco-leaves, which have undergone a strong fermentation, contain more ammonia than those 
slightly fermented. Fine tobaccos contain generally less ammonia than coarser ones. In varions 
smoking-tobaccos, Nessler found; — Havana, 0*2 per cent, of ammonia; Cuba,0'3; Syrian, 0 '6; 
German, 0'9 per cent.. Schlosing found Havana tobacco to contain 0'8 per cent. 

Nitric acid, consisting of nitrogen and oxygen, is formed in animal and plant substances when 
decomposed under the influence of atmospheric air and, a sufficiently high temperature; whereas 
ammonia, consisting of nitrogen and hydrogen, is formed when those substances decompose in the 
absence, or nearly so, of atmospheric air. Organic substances decomposing under the latter 
condition emit an objectionable pungent odour, which must partly be attributed to the formation of 
ammonia. Tobacco, soon after harvesting, commences, according to the conditions under which it 
is placed, one of these decompositions. The extent of the decomposition the tobacco has gone 
through may be partly judged from the colour the leaves have attained. If leaves be dried 
BO rapidly as to remain green, the decomposition is probably confined to the formation of carbonic 
acid. A yellow colour indicates the formation of nitric acid ; and a dark-brown or black colour 
that of ammonia. The conditions under which nitric acid and ammonia are formed being known| 
it is possible to control their development When the tobacco is hung far apart, so that the air 
has free access, the formation of nitric acid wfll take place; but if the air be excluded more or 
less, by hanging the tobacco very close, or pressing it in heaps or pits, the formation of ammonia is 
engendered. 

Nitric acid generally promotes the combustion of plant substances, by supplying a portion of the 
needed oxygen, and has undoubtedly a similar effect in tobacco ; its occurrence in the tobacco is 
therefore a desideratum with the cultivator and manufacturer, and to supply any deficiency the 
manufacturer often resorts to impregnating his tobacco with a solution of saltpetre. From this 
however, it must not be concluded that every tobacco containing a large amount of nitric acid will 
necessarUy burn well. Schlosing and Nessler have shown that the well-burning of a tobacco does 
not always correspond with a great amount of nitric acid, thus indicating that other substances or 
other conditions also affect the combustibiUty. The effect of the nitric acid wiU most probably vary 
with the base with which it is in combination. ^ 

The nitrogen in the forms of nicotine, ammonia, and nitric acid, constitutes only a small 
portion of the total amount present in tobacco; by far the greater portion (J-|) exists in the form 
of albuminoids. Nessler found that the nitrogen under this form varies from 2 to 4 per cent 
which is equal to 13-26 per cent, of albuminoids. Substances rich in albuminoids genei^ly buri! 
badly, and emit a pungent noxious odour. On the condition of these albuminoids and on the 
presence of other substances, as nitric acid, alkalies, &c., in the tobacco, mostly depend’the burning 
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qaalities of the leaf, and the flavour of a cigar. The Eastern habit in smoking, from Malaysia, 
Japan and China, through India, Persia and Turkey, even to Hungary, is to inhale the smoke into 
the lungs, and natives of these countries maintain that a tobacco should be of full flavour without 
burning the throat or catching the breath. Western nations do not admit the smoke further than 
the mouth, and therefore require a strong, rank flavour. 

Whilst drying and fermenting, the tobacco undergoes great changes. Some substances are 
decomposed, others are newly formed. The highly complicated compounds, the albuminoids, 
undergo first decomposition, and in doing so give rise to more simple combinations. Nitric acid, 
ammonia, and other substances less known are chiefly, if not entirely, derived from the products of 
the decomposition of albuminoids. The substances that cause the objectionable pungent smell in 
tobacco are formed from the broken-up constituents of these high combinations. The conditions 
under which these bad-smelling combinations originate are not properly known ; but it is probable 
that they are developed with, and under the same conditions that cause the formation of, ammonia, 
as the disagreeable pungent flavour is found generally in tobacco that has undergone fermentation 
to a great extent. It is believed that the conditions that favour the development of nicotine are 
also conducive to the formation of albuminous substances in the leaf, viz. fresh nitrogenous 
manure, bad physical state of the soil, &o. 

According to Nessler, the quality of tobacco depends to a great degree on the amount of 
cellulose it contains. He found that a good tobacco invariably contained more than a bad one, 
Havana yielding as much as 46 per cent. The fact that tobacco bums better after being stored for 
a time may be partly due to an increase of cellulose in it. 

Every tobacco contains more or less fat, gum, ethereal oil, &c. It is not properly known in what 
way fatty matters affect the quality of tobacco. Many other organic matters exist in tobacco in 
combination with substances from which it is moat difficult to separate them ; they have not as yet 
been quantitatively ascertained, and are therefore little known. Most of them are only developed 
during the drying and fermenting of the leaf ; their presence, however, considerably affects the 
quality of the tobacco. 

The amount of ash constituents in the tobacco is considerable, varying between 16 and 28 per 
cent. There cannot be said to exist a definite relation between the total amount of ash in the 
tobacco and its quality, as tobaccos yielding much ash are sometimes of good, and at other times of 
bad, quality : a good tobacco may yield much or little ash. The relative proportion in which the 
ash constituents exist is, however, of the greatest importance. It has been ascertained that the 
presence of some special mineral elements modify to a great extent the quality of the tobacco. Of 
all ash constituents, potash (KjO), more correctly speaking potassium carbonate (KjCOj), affects the 
quality of tobacco in the highest degree. Schlosing has pointed out that the good burning 
qualities of a tobacco depend on the presence in it of potash in combination with a vegetable 
acid ; that a soil deficient in potash is unfit to produce tobacco of good quality. Numerous analyses 
have tended not only to corroborate the assertion made by Schlosing, but to demonstrate also, 
that it is not the total amount of potash, but the potash found as a carbonate, which existed in the 
plant in combination with a vegetable acid, that is the constituent chiefly affecting the combusti- 
bility of a tobacco. The complete analyses of Nessler have shown that, although a tobacco may 
contain a great amount of potash, it does not necessarily follow that the tobacco burns well. He 
found that some German tobaccos contained more potash than Havana, although the latter burned 
much better than the former ; and that a great amount of potash did not always indicate a great 
amount of carbonate of potash. Although tobaccos yielding a great amount of carbonate of potash 
in their ash generally bum well, there may be conditions which neutralize the good effect of this 
combination, as a large proportion of albuminoids. It may therefore be said that the combustibility 
of a tobacco is improved in proportion as its ash yields more carbonate of potash, other conditions 
being equal. 

Among the minor salts, the chlorides deserve most attention. It has been found that they 
generally retard the burning of tobacco, and that as they increase, carbonate of potash decreases. 
Lime is invariably found more or less in the ash, but it has not been ascertained to what extent its 
presence affects the quality of the tobacco ; good tobacco may contain much or little, so that its 
presence is probably not of great importance. The same may be said of soda, magnesia, and 
phosphoric acid. According to Nessler, their proportions may vary thus ; — ^Potash, 1 • 95-5 per 
cent.; Ume, 6'5-9’2 ; soda, 0-l‘63; magnesia, 0’12-0'99 ; phosphoric acid. O' 57-1 ‘39. 

In connection with the chemistry of tobacco, and the rational manuring of the crop, the name 
of Prof. S. "W. Johnson, Chemist to the Connecticut State Board of Agriculture, must be placed in 
the foremost rank. Indebtedness is acknowledged to Prof. Johnson for a copy of his valuable 
report, quoted in the Bibliography at the end of this article. 

Adulteration and Substitutes . — It is said that in Thuringia, over 1000 tons yearly of dried beetroot- 
leaves are passed off as tobacco. These leaves, and those of chicory and cabbage, are similarly 
employed in Magdeburg and the Palatinate. Many of the Vevey cigars of S. Germany are entirely 
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composed of cabbage- and beetroot-leaves which have been steeped in tobacco-water for a long time. 
Other leaves, such as rhubarb, dock, burdock, and coltsfoot are also used. These are all principally 
for cigars. Tor smoking-tobacco, chamomile flowers, exhausted in water, then dyed and sweetened 
with logwood and liquorice, and dried, have been mixed with tobacco in such proportions as 70-80 
per cent. In America, a specially-prepared brown paper, saturated with the juice expressed from 
tobacco-stems and other refuse, is most extensively used, not only for the “ wrappers ” of cigars, but 
also for “ filling.” Various ground woods, starches, meals, and pigments are introduced into snuff. 

Imports, Duties, and Values . — Our imports of tobacco in 1879 were as follows ; — 

(а) Unmanufactured: From United States, 25,743,880 lb., value 682,253/. ; Holland, 6,21.5,930 lb., 
266,109/.; China, 1,444,192 lb., 36,265/. ; Turkey, 1,214,319 lb., 32,627/. ; Japan, 805,928 lb., 21,003/.; 
France, 651,350 lb., 14,585/.; Belgium, 515,009 lb., 15,501/.; Argentine Kepublic, 470,309 lb., 
10,870/.; Germany, 426,139 lb., 25,602/. ; Straits Settlements, 267,258 lb., 29,718/. ; British India, 
246,305 lb., 3605/. ; New Granada, 241,638 lb., 9621/. ; Canada, 121,920 lb., 3473/. ; other countries, 
497,043 lb., 14,256/. ; total, 38,861,220 lb., 1,165,488/. 

(б) Snuff : From all countries, 7719 lb., value 92/. 

(c) Cigars: From Spanish W. Indies, 495,518 lb., value, 494,974/.; Germany, 150,460 lb., 
46,318/.; Holland, 116,218 lb., 31,348/.; Philippines, 80,199 lb., 21,738/.; France, 73,348 lb., 
24,071/. ; Straits Settlements, 51,191 lb., 13,822/. ; Cliina, 48,762 lb., 11,240/. ; Belgium, 46,536 lb., 
14,211/.; British India, 33,208 lb., 10,898/.; United States, 14,625 lb., 5461/.; other countries, 
43,978 lb., 19,184/. ; total, 1,154,043 lb., 693,265/. 

(d) Cavendish or Negrohead : From United States, 2,247,557 lb., value 84,422/. ; other countries, 
45,052 lb., 1964/; total, 2,292,609 lb., 86,386/. 

(e) Cavendish, manufactured in bond : 33,069 lb., 7126/. 

(/) Other sorts, including cigarettes : From United States, 52,206 lb., value 7999/. ; Holland, 
25,273 lb., 1372/. ; Channel Islands, 15,470 lb., 1279/. ; Germany, 14,474 lb., 4472/. ; France, 
94971b., 2368/; Belgium, 7939 lb., 2086/.; other countries, 12,328 lb., 3845/.; total, 137,187 lb.. 


23,421/. 

The duties on unmannfactured tobacco are 3s. 6d. alb. when it contains 10 per cent, or more of 
moisture ; 3s. lOd. a lb. when it contains leas than 10 per cent, of moisture. Snuff containing no 
more than 13 per cent, of moisture, 4s. lOd. a lb. ; 13per cent, and upwards, 4s. Id. a lb. Cigars pay 
5s. 6d. a lb. Cavendish of foreign manufacture pays 4s. lOd. a lb. ; that manufactured in bond, 
4s. 4d. Other sorts, including cigarettes, pay 4s. 4d. a lb. 

The approximate relative values in the London market are as follows :— Maryland, fine yellow, 
fine, and good coloured, 7-9Jd. a lb. ; colory, 5-7d. ; light-brown and leafy, 5-7Jd. ; ordinary and 
brown, 4-4id. Virginia : Fine Irish and Scotch spinners, 7-lOd. ; good and middling, ordinary 
light and dry, 6-lOd. ; fine black sweet scent, and middling do., 6J-7Jd. ; part blacks, 5-6d. ; ordi- 
nary and heated, 3-5</. ; mixed parcels, ordinary and good, middling and fine, 5i-6Jd. ; stripped 
leaf, 4</.-ls. Kentucky: fine long light leaf, 7-1 Id.; good to middling do., 5J-7id.; fine and 
middling blacks, 6-8d. ; ordinary and mixed, 2-5d. ; stripped leaf, fine, light leafy^ middling and 
ordinary, 4J-lld. Negrohead, lld.-ls. 6d. Cavendish, 4Jd.-ls. Amersfort and German, 2id.- 
Is. 6d. St. Domingo, 5-7id. Havana, Cuba, and Yara, Is. 2d.-6s. Turkish and Greek, 2i-9d. 
E. India, Japan, and China, 2-9d. Java, 5d.-2s. Colombia (New Granada), 5d.-2s. fid. Manilla, 
8d.-4s. Manilla cheroots, 4s.-7s. 6d. Havana cigars, 5-40s. 

Tumbeki.— This word, under a multitude of forms, is the common name in several Eastern 
languages (Bengali, Hindustani, Telugu, Sunda, Javanese, Malayan, Persian, Guzerati, Deccan) 
for ordinary tobacco. But in Asia Minor, it is applied to a narcotic leaf which is spoken of as dis- 
tinct from tobacco, and is separately classified in the Consular Returns. Botanical authorities are 
at variance as to the plant which affords it, some attributing it to a lobelia, while others consider it 
a kind of tobacco. The latter appears to be the more correct supposition. The flower resembles 
the tobacco in being trumpet-shaped ; the leaf is broader, larger, and rounder than that of the 
tobacco raised in Turkey, and is also wrinkled like the inner leaf of the cabbage The plant is 
raised from seed in nurseries, and when it has 4 or 5 leaves, is planted out in April in the prepared 
field, and watered sparingly. It is “set ” in a day or two, and is then hoed occasionally to free 
it from weeds. After mflorescence, and when the plant is sufficiently “ cooked,” it is cut down or 
pulled up bodily, and re-set in the ground tUl the leaves are wilted. These leaves are dried and 
after exposure to the dew, are pressed heavily, when they undergo a kind of fermentation 4hioh 
develops the aroma. It is exceedingly narcotic: so much so, that it is usually steeped in water 
before use, and placed in the pipe (a narghile or water-pipe) whUe still wet. The exports of this 
article (the produce of Persia) from the port of Trebizond are considerable -—In 1877 thev were 
13,342 bales (of If owt.), value 106,736/., to Turkey ; in 1878, 11,571 bales, 92,568/ to TurkL • in 
1879, 9659 bales, 77,272/., to Turkey, and 866 bales, 6928/., to Greece. ilep;;o in IsTs Lm 
4 tons, value 320/., to Turkey, and 11 tons, 880/., to Egypt. • The exports of the article the produce 
of the mterior of Persia, from Resht to Russia, were valued at 5000/. in 1877, and 3846/. in 1878 
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jBiJ/wyrapAy.— O’Shaughneasy, ‘ Preparation of Indian Hemp or Gnnjah ’ (Calcutta : 1839) ; 
W. O. B. Eatwell, ‘ System of Cultivating the Poppy and of Preparing Opium in the Benares 
Opium Agency’ (Pharm. Jour. Vol. xi., Nos. 6, 7, 8, Lend. : 1852) ; Tiedemann, ‘ Geschichte des 
Tabaks’ (Frankfort: 18.54); G. Martins, ‘Studien fiber den Hanf’ (Erlangen: 1855); S. H. 
Maltass, ‘ Production of Opium in Asia Minor’ (Pharm. Jour. Vol. x., No. 7, Bond. : 1855); Pair- 
holt, ‘ Tobacco : its History ’ (Lend. : 1859) ; M. C. Cooke, ‘ The Seven Sisters of Sleep ’ (Lend. : 
1860) ; T. A. M. Geunoe, ‘ Cultivation of the Poppy ’ (Technologist, Vol. ii., Lond. : 1862) ; C. E. 
Guys, ‘Culture of Latakia Tobacco ’(Technologist, Vol. iii.,Lond. : 1863); Maling, ‘ Tobacco Trade 
and Cultivation of the District of Cavalla’ (Technologist, Vol. iii., Lond.; 1863); A. Odeph, 
‘ Cultivation of Indigenous Opium’ (Technologist, Vol. vi., Lond. : 1866) ; G. Della Sudda, ‘ Mono- 
graphie des Opiums de I’empire ottoman envoys a I’exposition universelle de Paris ’ (Paris : 1867) ; 
E. B. Heffler, ‘ Culture and Commerce in Opium in Asia Minor ’ (Pharm. Jour., Vol. x.. No. 7., 
Lond. : 1869) ; S. W. Johnson, ‘ Tobacco ’ (Rep. Chemist Connecticut State Board Agri., 1873) ; 
A. de Bee, ‘Culture du Tahac en Prance’ (Aii: 1875); P. A. Allart, ‘Culture du Tabac’ 
(Abbeville: 1876); T. Christy, ‘New Commercial Plants’ (Lond.: 1879—); Flfickiger and 
Hanhury, ‘ Pharmacographia ’ (Lond. : 1879) ; A. H, Church, Johnston’s ‘ Chemistry of Common 
Life’ (Lond.: 1879); K. Schiffmayer, ‘ Tobacco and its Culture’ (Rep. Agri. Dep. Madras Pres., 
Madras: 1879); P. Anderegg, ‘ Tabakbau in der Schweiz’ (Chur: 1880); K. W. van Gorkom, 
‘ De Oost-Indische Cultures ’ (Amsterdam : 1881). 

(See Alkalies [Organic] — Morphine ; Drugs — Belladonna, Coccnlus Indicus, Duboisia, Henbane, 
Lactnearium ; Poppy, Hops). 

NUTS (Fr., Noix ; Geb., NSsae). 

The term “ nuts ” as applied commercially embraces a good many vegetable products which do 
not strictly belong to nuts botanically so-called. Tlie chief nuts of commerce are the following. 

Areca- or Betel-nut. — This is the fruit of the areca pahu (Areca Catechu), which is culti- 
vated in the Malay Archipelago, the warmer parts of the Indian Peninsula, Ceylon, Indo-Chiua, 
the Philippines, and some of the Pacific Islands. It thrives in high regions, and at a distance from 
the sea ; begins to bear fruit after 5 years, and is productive for 25 years. It flowers in April-May, 
and the nuts ripen in October; those most esteemed are gathered before they are quite ripe. A 
fruitful palm is said to produce 850 nuts annually, hut the average may be taken at 300 ; the mean 
annual yield of a plantation is 10,000 lb. of nuts an acre. The fruit is a drupe, about the size of a 
hen’s egg ; it does not fall when ripe. There are many varieties of the palm. The nuts are dense 
and ponderous, and very difficult to break or cut. When freshly broken, they have a weak cheesy 
odour, and a slightly astringent flavour. In the green state, before they are ripe, the nuts are 
pounded up and chewed with the betel pepper or kava-kava, for the narcotic effects produced (see 
Drugs— Kava-kava ; Narcotics— A va) ; this is by far the largest and most important use of the 
nuts. Their quality depends upon the natural appearance when cut, indicating the amount of 
astringent matter contained in them. If the white or medullary portion which intersects the red 
astringent part be small, and has assumed a bluish tint, and if the astringent part be red, the nut 
is considered good ; but if the medullary portion is in excess, the nut is more mature, possesses less 
astringency, and is inferior. The astringent properties of the nut are made use of in dyeino- and 
tanning (see Tannin — Catechu). The exterior of the nut affords a fibrous material (see Fibrous 
Substances — Areca Catechu). The nut itself lias medicinal uses (see Drugs — Areca-nut). The 
ashes of the nut are used in making tooth-powders, but possess no advantage over other vegetable 
charcoals. The toughness of the nuts enables them to be used for articles of turnery, but their 
smallness confines this use within narrow limits. The Eastern trade in these nuts is very large. 
The exports from Ceylon in 1878 were 101,777 cwt., value 92,869f. ; in 1875, of the total export of 
94,567 cwt., 86,446 cwt. went to India. In 1872-3, Madras exported 43,958 cwt. of the nuts, and 
2 millions of the entire fruit, to Bombay. Penang exports some 3000 tons annually ; and Sumatra, 
4000-5000 tons. The Chinese port of Shanghai, in 1879, imported 1700 picu’s (of 133i lb.) from 
foreign countries, and 11, diSf piculs from Hong Kong and Chinese ports; the re-exports left only 
1455 piculs for local consumption. Kiungchow exported 3351 piculs, value 450i., in 1879. 

Boma- or Booma-nut. — This nut much resembles an almond in shape and size, the fruit 
itself, with the fleshy covering, being about as large as a walnut. It is probably the fruit of a 
species of Vitex. It is a native of E. Central Africa, and is cultivated abundantly near the 
Victoria Falls ; it is found also in the Shire Valley, but is said not to extend farther south than 
Lake Ngami. An oil is copiously afforded by it (see Oils — Boma). 

Brazil- Castanha-, or Fard-nut. — The Brazil nuts of commerce, called castanhas in 
Brazil, are the produce of Bertholletia excelsa. The tree is a native of Guiana. Venezuela, and 
Brazil ; it forms large forests on the banks of the Amazon and Rio Negro, and about Esmeraldas on 
the Orinoco. A large number of th# nuts come from the rivers Tocantins, Xingfi, ’Prombetas and 
Cnrua. The tree grows on low, rich terra firme, never on the flood-plains. The fruit is nearly 
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round, and about 6 in. in diameter, with an extremely hard shell abont | in. thick, containing 18-24 
seeds, which constitute the commercial nuts. When the fruits ripen, they fall from the trees, and 
are gathered into heaps by troops of Indians, who visit the forests at this season for the purpose. 
They are then split open with an axe, and the seeds are taken out, snn-dried, and packed in baskets 
for transport to Para in native canoes. They constitute a large article of export, some 90,000 bush., 
value over 35,000/., leaving Para every year. As they do not keep well in the Brazilian climate, 
they are shipped as soon as possible, largely to England and the United States, a few to France, 
Portugal, and Germany. They form a pleasant edible fruit, and yield an abundance of oU (see 
Oils — Castanha). 

Bread-nut. — The seeds of Omphalea diandra and 0. triandra are edible, and yield valuable oils 
(see Oils— Ouate, Bread-nut). They are cultivated, especially the former, in St. Domingo and 
Jamaica, under the names noisettier and “ cob-nut.” 

Candle-nut. — ^The candle-nut, lumbang-nut, or country walnut (^Aleurites moluccana, [A. 
triloba, Jatropha molucttanum, Croton moluccanam] ), probably embracing several other varieties, is a 
native of the islands of the Pacific. It is found in N. Australia ; abounds in the Moluccas, and 
most of the islands of the E. Archipelago, in the Malay Peninsula, Cochin China, and S. China ; it 
occurs in California, Chili, and Venezuela ; it is largely cultivated in Lower Bengal, and other 
parts of India ; it is found in Bourbon and Mauritius ; it has been introduced from Asia into the 
W. Indies, and has become naturalized in Jamaica. The fruit is the most valued product, and 
strews the ground beneath the trees at all seasons of the year. Each nut weighs abont 160-170 gr., 
the kernel forming ^ of the total weight. The shell is covered with concretions of calcium car- 
bonate. The juice is used for dyeing, and the calcined shells afford both a dye and a pigment. 
The kernels are eaten in most countries where the tree is common, usually after roasting or long 
keeping, or in combination with a condiment. Their flavour resembles that of walnuts or almonds. 
The nuts are commonly threaded on a reed or similar wick, and burnt for illuminating purposes. 
Analysis shows them to contain over 62 per cent, of oil, and more than 22 per cent, of nitroi^enous 
substances ; the proportion of phosphoric acid is 1-67 per cent. ; and the ash contains 30 pCT cent, 
of potassium phosphate, 39 per cent, of magnesium phosphate, and 22 per cent, of calcium 
phosphate. These figures suffice to show its value as an ingredient of cattle-foods, could it bo 
deprived of its purgative qualities. Tahiti exported 700/. worth of the nuts in 1875. Levuka 
(Fiji) sent nuts to London to the amount of 15621. in 1876, and 3040/. in 1877. The oil has many 
uses (see Oils — Kukui).' 

Cashew-nut. — This is the fruit of Anacardimn occidentale, a plant cultivated in the W. Indies 
E. Indies, and other tropical countries. It grows on the W. African coast, from the Congo to 

Ambrizette, very abundantly. The plants yield a gum (see Kesinons Substances Cadjii). From 

the intermediate layer of the shell of the nut, is obtained a thick, black, oily, viscous juice, called 
eardole in the E. Indies. The kernels are eaten after having been roasted. They also yield an 
oil : and from them, an excellent wine is said to be prepared in Brazil. (See Oils Cashew.) 

Chestnut. — The edible fruit of Castanea vesoa is well known. The tree is probably a native 
of S. Europe, from Spain to the Caucasus. In France, Italy, and Spain, it attains great size and 
flourishes at 2500-2800 ft. in the Alps and Pyrenees. It is more abundant in Asia Minor Armenia 
and the Caucasus ; and is also found in America as far north as lat. 44°. It ripens its fruit in the 
wanner parts of Scotland, but rarely, if at all, in Ireland. 

It is very largely cultivated in Tnscany, where the method employed is as follows:— 
Plants are raised from the fruits, placed in earth which has been repeatedly worked. The 
plantations are generally situated near a stream, and the ground is shaded by hedo'es or 
trees. The space is divided into furrows, 6-7 ft. wide, in each of which, holes are dug aboffi 3 in. 
deep, and at a distance of about 6 in. from each other. In these holes, the nuts are placed, with 
the germs downwards. The use of manure is not largely resorted to. After two years, the plants 
are transferred to another part of the plantation, where they remain four years, after Wich th 
are placed where they are to remain permanently. The season usually chosen for transplanting ^ 
after the falling of the leaves, though it is frequently done even as late as February-March 
There are two methods of grafting the tree (which is done at the age of 5-6 years) • one is the 
primitive method of inserting the bud in the end of a branch, with a slit in it, where it is retained 
by wax or other substances. The other, which has proved most successful, consists in cutting large 
rings of bark from the branches of the large or Spanish chestnut, and placing them on twigs°offte 
ordinary kind ; this is a very delicate operation, requiring great care, and is performed in the 
following manner The hark of the Spanish chestnut is cut into circles on the twigs where marks 
of buds appear, care being taken to have one or more buds on each circle or cylindw the bark is 
then slightly beaten to loosen it from its position, and gently twisted by hand, until a hollow 
cylinder of bark is obtained, which is then drawn op by the stem, that has been previously denuded 
of its bark in like manner. The cylinder of bark is then carAd to the stem of the tree, which is 
grafted. This stem, having been previously denuded of its bark, and cut off down to the place 
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where the ring is to be put on, is then covered with the ring, which unites with the growing bark, 
and sends out shoots of its own variety. In this manner, a tree is covered with these rings, and the 
natural branches being cut down, all the force of the tree is expended in throwing out the shoots of 
the large chestnut from the grafted branches. Great care is always taken to out off aU shoots of 
the common chestnut that may appear near the grafted part, as they will otherwise interfere 
with its full development. The operation of grafting by rings is practised in Tuscany from 
10th April to 1st May, that being the time when the sap is running most freely, just before the 
leaves and buds come out. A method of preserving the grafting buds so that they may remain 
good even after a year, is to place them in tin tubes filled with honey, and hermetically sealed 
immediately on their removal from the tree. Another method of transporting the grafting buds is 
by putting them into hermetically sealed tubes filled with water ; this method can only be used 
for transporting the buds for distauces accomplished under forty days. 

The nuts (to the number of 1-3) arrive at maturity in two months after flowering, that is to say 
in October, and then fall to the ground ; they are also beaten from the trees by long poles, but this 
is only occasionally done, as it seriously injures future fruit-buds, and affects the yield of the tree 
for another year. The chestnut is pruned and trimmed every three years ; this, while helping the 
tree to bear more abundantly, produces wood for fuel and other purposes, and small twigs and 
branches which are used for drying the nuts. After the nuts are gathered, they are deposited in 
huts, in the upper part of which deep trays are constructed, whereon the nuts arc placed to the 
depth of 6 in. ; in these huts, slow fires of green wood are kept up, until the nuts become hard and 
dry. They are then carried to a mill, where they are ground into flour, in the same manner as com 
or wheat. From this flour, many preparations are made, such as “ polenta,” and various kinds of 
cakes, fritters, and even a heavy kind of bread. 

There are many varieties of the chestnut, some of the best and largest not being adapted 
to the English climate ; the most suitable are the Devonshire, the Prolific, and the Downton, the 
last remarkable for its short-spined huskf Chestnuts, after being well-dried in the sun, may be 
stored with dry sand in casks. In France, Spain, N. Italy, and Corsica, they form a most impor- 
tant article of food, and serve in a great measure as substitutes for potatoes and bread. The 
approximate export of these nuts from Spain in 1878 was 5,789,000 kilo. Italy, in 1874. had 1,224,711 
acres under chestnuts, the produce of wldch was 11,351,282 cwt. The consumption in France is 
said to be 6 million bush, annually. Our imports have never reached 70,000 bush. ; in 1870, they 
were 31,767 bush., about half from France, and the remainder from Spain and Portugal. (See 
Timber — Cliestnut. ) 

The horse-chestnut (.Esoate Bippocastanum) affords a nut abounding in farinaceous matter, and 
though too bitter for human food, serves for feeiiing domestic animals. It yields a large proportion 
of starch (see Starch — Horse-chestnut), and a small quantity of oil (see Oils — Horse-chestnut). 

The kidney-shaped kernel of the Tahiti chestnut {Inocatpus eduli-') is roasted and eaten in the 
Pacific Islands, New Guinea, and the Moluccas, and forms a staple food in some districts. It is 
sweetish when boiled, or roasted in ashes, but is harder, and less pleasant and farinaceous, than 
the common chestnut. 

The large seeds of the Moreton Bay chestnut (fiastanospermum australe), a native of Queensland, 
are eaten by the Australian natives, but are hard, astringent, and little better than acorns. 

Coco-nut. — The fruit of the coco-nut palm (Cocos nucifeia) is too well known to need descrip- 
tion. The tree flourishes with equal vigour on the coasts of the E. Indies, throughout the islands 
of the tropical Pacific, and in the W. Indies and tropical America. Its importance renders it an 
object of especially careful cultivation in many regions. On both the Malabar and Coromandel 
coasts of India, it grows in vast numbers ; and Ceylon, which is peculiarly favourable to it, is 
estimated to maintain some 20 million trees. Many parts of the coast of Brazil teem with these 
palms ; and in the W. Indies, great numbers are met with. The tree also occurs in considerable 
abundance on the coasts of tropical E. and W. Africa. But it seems most at home in the Pacific 
Islands. It is now attracting much attention from the colonists in Australia, where it is not yet 
established to any great extent. 

Some 30 varieties of coco-nut are distinguished by the natives of the districts producing them, but 
many of these distinctions are obviously groundless. In preparing plantations, the nuts for sprouting 
are chosen fully ripe, with large eyes, and gathered from trees past middle age, and from clusters 
numbering few fruits. They should be gathered without injury, and neither be allowed to fall to the 
ground, nor to dry on the tree. They are carefully kept for not less than a month before planting, 
and are then set in an elevated plot, where water will not stagnate, and which is somewhat exposed 
to the influence of the sun. The planting may take place in January- April, also in August, pro- 
vided the rains are not heavy. The seed-beds are dug 2 ft. deep, and the nuts are planted on their 
sides, 1 ft. apart at least, and leaving 2 in. unburied, some ashes, alone or mixed with salt, being put 
into the trenches. The beds are kept duly moist, but never made wet. In ordinary cases, the young 
shoots are transplanted in the 2nd-6th month after their first appearance ; but in low-lying situations, 
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it is preferable to wait till the 12th month. In low, damp spots, the transplanting may he done 
daring the hot season; in salt-marshes, and on hdl-sides, during the monsoon. It may be gene- 
rally said that all sandy soils are suitable. Sunlight and sea-breezes are most beneficial. 

Goco-nnts growing in mangrove soil on the aide of creeks, and more or less saturated with salt, 
have their milk bracKsh, and the sap is saline also. These trees do not suffer from the attacks of 
the rhinoceros beetle, and are found to bear mnch sooner than those planted on a sandy soU. As 
an illustration of this, while trees planted at Penang 30 years ago, ou sandy sod, have not yet 
home fruit — although they are fine-looking trees — others in the same plantation, only 10 years 
old, but on low ground, where the sea tide comes up daily, washes their roots, and runs off again, 
are in full bearing, giving 50-100 nuts annually, and the kernel is as thick as that of nuts grown 
on sandy soil, and produces as much oil. The chief requisite witli regard to a plantation in such a 
situation, is attention to the drainage. Longitudinal drains should be cut between the rows of trees, 
and cross ones at greater intervals. These drains must be kept clear, so as to allow the salt water 
to flow in and out freely. The tide is found to deposit amongst the trees a very fertilizing matter. 
If the drains are not attended to, and the water stagnates, the trees get dwarfed, and become t hin 
towards the top, thereby preventing them from having a large crown. 

The holes into which the shoots ate transplanted should be 12 yd. apart on backwaters ; but 
where a deep alluvial soil is found, 8-10 yd. are enough. In a level, loose soil, the hole should be 
a cube of IJ yd. ; on hill-sides, 2-2J yd. ; in low grounds, |-f yd. deep, and 1 yd. sq. If the holes 
are not sufficiently wide and deep, the roots soon appear above the surface of the ground, their 
hold upon the earth is weak, sufficient nourishment is not obtained, and the monsoon storms will 
overturn the tree. In a cold clay, the holes are filled with sand, and the plant is deposited in it. 
In low marshes, banks or terraces should be thrown up and consolidated previous to planting. If, 
in any of these cases, plants 2-3 years old are used, the holes must be at least 2J yd. every way. 
They should be dug 2-6 months before the planting, and be prepared first by having heaps of fuel 
and weeds burned in them, and subsequently by manuring. In low situations, new holes and 
quick planting may he preferred. No time should be lost in the removal from the nursery to the 
holes; indeed the day should not pass, in which case new roots and fronds may be looked for 
within the month ; but where this proves impracticable, if the plants are kept cool and in shade, 
4-8 days have been known to intervene, but to be followed by very great loss in the number of 
successful trees. Inside the holes, smaller ones are made, and filled with salt and ashes mixed 
with mould, in which the young plants are deposited, with the nuts just covered by the compost. 
Some shade must be afforded, and care taken that the plants are not shaken or removed from their 
first position ; occasionally water should be sprinkled over them. The above compost must be used 
when there is but a small proportion of sand in the soil. Ashes will suffice on the sea-shore ; and 
sand, in marshy and loamy soils. The broken roots of a plant under a year, and, according to 
many planters, all found on the nuts in the nursery, should have their ends cut, as new ones are 
supposed to be hastened by the process. Turmeric and arrowroot are often planted in the same 
pits with the coco-nut. After the plants are in, little pandals, or sheds, made of twigs and 
branches, should be erected to protect them, for the next six months, from too great sun-heat • this 
prevents the withering of the leaves, and any check to the growth of the roots. On dry soils, the 
plants sue watered twice a day for the first month, once a day for the next five, or until the monsoon 
showers come on, and once every 2-3 days daring the dry seasons of three following years, 
according to circumstances. On hill-sides, it is usual to water during the hot weather, even till the 
first buds appear ; on sandy plains on the sea-cosmt, when the trees are in full bearing, 8-10 ft. of 
bamboo (with the divisions at the joints broken to form the pipe) is often driven down by the side 
of the tree, and cool water from weed-covered tanks is poured down to refresh the roots and lower 
soil. The soil round the young plant is often kept damp by a bed of leaves, particularly such as 
will not be eaten by white ants. If the soil is naturally poor, or of a hungry nature, salt ashes 
paddy-husks, goats’-dung, and dry manures may be appUed for the first year; but in after seasons' 
oil-cake, flesh ashes, decayed fish, and other refuse, are preferable. 

If the soil at the foot becomes too rich, a large grub with a reddish-brown head, soon finds its 
way to the roots and into the stem, and though the foot of the tree may enlarge, the' stem does not 
develop itself, the new leaf-spike at the crown becomes yellow, fades, and is not replaced, and does 
not open out into the usual frond, and in 2-3 months the whole tree-top is affected and drops to the 
ground. It would appear that fear of this evil is the reason why ashes alone are recommended by 
so many cultivators. As soon as the new fronds have divided into the long side leafiets or lost 
their connected form, which is at the end of the first year, the soil should be dug up, and ashes be 
appUed about once a month. When the tree is two years old, and henceforward” at the commence- 
ment of every monsoon in May-June, the whole of the soU, for 1-2 yd. around the stem must be 
opened out, and ashes and dry manure be applied and left open to the air ; in October when the 
rains have ceased, this freshened earth should be replaced and levelled. As the tree gets' older and 
the depression at the foot is gradually filled up, it may not in after years be necessary to dig so 
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deep as for the earlier growths. If the opening-out of the roots, and the manuring, be thus 
annually attended to, the tendency to form a sort of bulb on the surface, and throw roots above the 
soil, will be checked ; the old worn-out rootlets are cut away, strong roots from other trees and all 
weeds are removed, and the process acts both as a “ wintering ” and a “ pruning.” Cattle are most 
destructive during the first two years, in eating off the ends of the fronds, and stripping the leafiets : 
if the plants suffer often in this way, the growth is entirely stopped ; sometimes the new leaf-spike 
is pulled out, and the tree dies. Should the heart of tlie stem and top not be iujmed, the tree wiU 
still remain unsightly, and often entirely profitless. 

From the time when the leafiets become folly developed and distinct from each other, till the 
period for the spathes (or covers to the flower) to make their appearance, the fronds should be 
shaken and weiglied or pressed downwards each month, so as to keep them from each other and 
make them spread ; and careful and frequent examination should be made, lest rats, beetles, or 
worms have made nests upon the head, or bored into the cabbage heart of the palm. Some planters 
sprinkle ashes and salt about the spike-shoots to keep insects away. The drM fronds, old spathes, 
fruit- and blossom-stalks, and ragged fibres, should be removed at stated periods of perhaps a month, 
or as often as the nuts may be gathered. The application of salt and ashes to the tree-tops is usual 
at least in March and October, to keep off the swarms of insects, particularly red ants, which live 
upon the juices of the tree, and render them fruitless. 

The tree is all its life endangered by the attacks of enemies. One beetle bores into the tender 
shooting leaf, and lays its eggs there, to be batched into grubs which will eat their way in all 
directions ; another bores round holes into the stem itself and lives there ; rats climb up and make 
their nests in the hollows of the branching fronds, and eat the cabbage itself, or feast upon the 
young kernels ; the common flying-fox or rousette (Pteropus) gnaws round holes through husk and 
shell of the mature nut, and will attack the young nut, biting away large pieces from the tender 
part under the capsule ; the flying squirrel (Pteromys) also makes its abode in near woods or forest 
trees, and at nightfall attacks the nuts; the common striped palm-squirrel is also sometimes found 
destroying the nuts and blossom ; while red ants and parrots attack the blossoms only. The most 
effective methods of obviating these evils are to shoot the flying-foxes and squirrels by moonlight, 
and to poison the others by a mixture of arsenic with grated coco-nut pulp, or of pounded glass, 
oil, and black sugar, in coco-nut-shells, left in the tree-tops. Eats may be taken in trap-falls. 
The red ant’s nest should be sought out and destroyed. A large wasp will attack the very small 
nut, taking it for the material of its nest. When the spathe is cut for drawing toddy, the frequent 
visits of the inen will tend to keep some intruders away, but the smell of the toddy is said to invite 
others. Grass should be kept down by feeding off with goats and cattle ; in marshy lands, cattle 
are apt to make deep tracks, and break down the margins of the terraces, hence goats or calves 
only are allowed. The undergrowth may be annually cut for repairing paddy-fields, and this is 
another source of profit. Planting jack, mango, tamarind, coffee, and other trees close to the palm, 
is thought to be detrimental, as is also allowing pepper and betel vines to climb the tree, and 
even the sowing of maize, gram, or any of the dry pulses under the shade. But areca-nut trees 
and all other palms may be planted, and the ground may be dug, and various kinds of yams and 
tuberous nxits cultivated with advantage. 

Under ordinary conditions, distinct leaflets begin to show themselves at the end of the Ist year, 
and are completed at the end of the second, on each frond, which will be 3 in. thick in the stem 
or leaf-stalk next the parent trunk. In the 3rd year, the bottom of the frond assumes a horse-shoe 
form where it clasps the main tree ; in the 4th year, the trunk of the tree appears slightly above 
ground, and has not less than 12 fronds. About the 5th year, the trunk is fully manifested, 
and there should be about 20-24 fronds ; when a luxuriant well-grown tree begins to bear fruit, 
there will be no less than 36 of these branches or fronds. Spathes or shoots, whence even- 
tually the flowers emerge, begin to appear in the 6th year. The height of the stems at this im- 
portant period, in some kinds usually, and in all when influenced by the soil, will be only 1-2 ft. 
above the ground ; in other cases, it may be 16 ft. For the first few months, these flower-shoots are 
deceptive, and only dry up ; but within the year, they begin to retain their blosboms and bear a 
few fruit, yielding abundantly in 3-4 years after their first appearance. In six months from blos- 
soming, the kernels of the nuts begin to solidify : in a year, the fruit is fully ripe — even sooner if 
the season is very hot and dry. The produce of the tree in full health and properly tended is much 
dependent on soil and climate. The average may be put down at 120 nuts in the twelve months ; 
in a low and sandy soU, it will amount to 200 ; in gravel and laterite, not 60. The most productive 
months in India are from January to June, that is for ripe nuts, the heat bringing them quickly to 
maturity. It is calculated that where the roots of the trees can reach water, and the soU is alluvial, 
the trees wUl bear 8-10 bunches of fruit ; in other and higher lands, not more than 6. The trees 
bear until they are 70-80 years old. 

When the trees begin to show spathes, they are often tapped for toddy, during the monsoon, and 
for that season only, this being supposed to render future fruit-branches more numerous, and to give 
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the sap a tendency to flow. In some places, the trees are never allowed to bear fi^it, but toddy is 
always extracted. If toddy is drawn for 6 montlis, it should not be repeated till at least 5 years have 
elapsed, otherwise the trees become exhausted, and produce no nuts. While some of the spathesare 
cut for toddy, the others will grow nuts, provided the number cut is not too great. Gathering some 
of the tender nuts from the earlier bunches greatly develops the succeeding branches, and strengthens 
the whole tree : but it is not recommended to cut the spathes out before they are matured or dry. 
Some 8-10 spathes dry and fall from each in a year, chiefly in the hot season ; these should be 
removed when turning brown, leaving a small portion of the foot-stalk on the tree. The per- 
centage composition of the nut is said to be : — Water, 39 • 7 ; oil, 29 • 3 ; amygdalin, 14 ; woody 
fibre, 9'5; sugar, 3'6; gum, 2‘1; emulsin, I'l; albumen, 0'5; mineral matter, 0 ■ 2. The exterior 
of the nut affords a valuable fibre (see Fibrous Substances — Cocos nucifera) ; the nut itself is very 
largely consumed as an edible fruit ; and it is expressed to yield an oil (see Oils — Coco-nut), the 
remaining solid portion being largely used for feeding cattle. The trade in coco-nuts is very 
extensive. 

Many years since, the Malabar coast was estinmted to produce 300-400 million nuts per annum, 
worth 50,000/. ; and the exports of copra were reckoned to have a nearly equal value. Travancore 
grew 5J million trees 30 years ago, and the number has much increased since. In Cochin, 
the cultivation is very rapidly extending. The Madras presidency has over 200,000 acres under 
coco-nut palms. The value of the coco-nut plantations of Ceylon is computed at 15,000,000/. ; 
their acreage in 1865 was 332,890 : and the situation is chiefly in tlie north-western, northern, and 
southern provinces. More recently, the area is stated at 200,000 acres, and the production at 700- 
800 million nuts annually, worth 2,000,000/. The production varies exceedingly. Thus in 1866, 
over 128 million nuts were recorded, and others to the value of nearly 25,000/. ; in 1868, only 
30 million nnts and 28,000/. worth. The exports in 1870 were 5,478,677 nuts (and 623 bags), 
value 17,185/. ; and 40,638 cwt. copra, valne 31,678/. In Cochin China, more than 33,000 hectares 
(of 2J acres) are occupied by coco- and areca-palms. The former is very abundant in the E. Archi- 
pelago, and the annual produce of the trees is estimated to be worth 2,500,000/. In 1874, Amboyna 
possessed over 500,000 trees ; Banca, about 123,000 ; Minahassa, 600,000 ; Gorontalo, 250,000. 
Java and Madura number over 20 million trees. Plantations in the Straits Settlements are small 
and scattered, yet no district seems better suited to the cultivation of the nut. In the Straits of 
Malacca, the oMef natural enemy of the tree is a species of elephant-beetle, which begins by nib- 
bling the leaves into the -shape -of a fan; it then perforates the central pithy fibre, so that the 
leaf snaps off ; and lastly it descends into the folds of the upper shoot, where it bores itself a 
nest, and, if not speedily extracted or killed, soon destroys the tree. A similar kind of beetle is 
known on the Coromandel coast, and is extracted by means of a long iron needle or probe, having a 
barb like that of a fish-hook. By using this, and by pouring salt or brine on the top of the tree, so 
as to descend amongst the folds of the upper shoots, the evil may be prevented or got rid of; the 
natives of Keddah say that this insect appears at intervals of 2, 3, or more years. The common 
kinds of the nut, under very favo.urable circumstances, begin to bear at 6 years of age ; but little 
produce can be expected until the middle or end of the 7th year. The yearly produce of one tree 
with another may be averaged at 80 nuts. The quantity of oil which can be manufactured from 
400,000 nuts will be, as nearly as possible, 834 piculs (of 133i lb.). The coco-nut is foremost in 
importance among the vegetable productions of Borneo. The wars of the inhabitants have almost 
exterminated the plant from the W. coast, but it is abundant to the northward ; and the Natuna 
Islands on the west, and Sulus on the east, are said to be covered with this palm. The rugged coral 
rock (Umestone soil) and salt breezes of the Ke Islands seem very favourable to its growth, and it 
abounds up to the highest points, and produces fruit all the year round. 

In New Caledonia, the coco-nut palm is abundant on the N.-E. coast, but rare on the opposite 
coast, and while it flourishes in a northern aspect, it declines towards the south. At Tahiti, there 
are about 200,000 of these trees, which produced over 12J million nuts in 1874 ; about 600,000 nuts 
and nearly 2,000,000 hih. of copra, were exported. The Marquesas shipped 19,000 kilo, of copra 
in 1873. From the Tu^otus Archipelago, 3000 tons of copra were exported in 1873 ; the single 
island of Anaa is said to possess more than 7 million of the palms. Large plantations were made in 
1866, and must now be in full fruiting. From the island of Samoa, in the S. Pacific, copra is the 
main article of export, but is the production almost solely of the German^)wned plantations. In 
1879, there were 12,921 acres of coco-nuts cultivated by whites in the Fiji Islands. Tahiti exported 
174,400 coco-nuts, value 698/., and 2113 tons copra, value 29,582/., in 1878; and 150,000 nuts, value 
600/., and 875 tons copra, value 12,250/., in 1879. 

Coco-nuts are the chief production of the Seychelles, and the plantations are constantly increas- 
ing and extending from the beaches up to 1000-1500 ft. on the mountain-slopes. In 1879 5278 
coco-nut trees were recorded as growing in Curieuse Island, and 16,369 on Felicite Island. The best 
land is said to be already occupied by them. The method of extracting the oil is very primitive 
Mauritius ships 40,000-50,000 nuts yearly. 
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In Jamaica, some thousands of the palm have been planted on sterile spots, snch as the Pali- 
sadoes, running from Kingston to Port Royal. Several of the parishes possess over 100,000 fruiting 
trees each, and the number is constantly increasing. Tlie tree abounds around nearly the whole sea- 
board of the island, but is singularly neglected. The annual export of 2 million nuts, worth about 
SOOOi., from the colony, gives no true index of the importance of the palm, nor the value it might 
have. 

Trinidad possesses similar undeveloped resources, and the cultivation of the nut can be extended 
indefinitely on the eastern coast. The trees are in bearing all the year round, but some planters 
confine the plucking to three periods, — April, August, and December. The shipments in 1864 
averaged only 250,000 nuts, but in 1876, they were 4^ million, and the total value was 18,0002. 

The cultivation might be developed in Dominica with certain and immense advantage. The 
nnt begins to bear in the 3rd year, the produce of the 4th year is very considerable, and that 
of the 6th is a “full crop.” The cost of planting and cultivation 'are merely nominal, for in 
snch situations as the valleys on the sea-coast, having extensive frontages of stony, barren, or 
swampy soil, the palm completely outstrips weeds and every other kind of vegetation. The number 
of coco-nut trees in the island is already considerable, and the nuts are of excellent size and 
quality, so that an extended production might easily be effected. It is receiving increased atten- 
tion, being found to be one of the most easy and profitable cultivations. The exports from Dominica 
were 2,262,927 nnts in 1871, 2,660,905 in 1872, 2,380,871 in 1873, 3,974,400 in 1874, and over 
4 million in 1875. Surinam exported 82,236 nuts in 1877, and 54,864 in 1878. 

British Guiana had 10 estates under coco-nuts in 1879 ; the exports in 1880 were 1,197,908 
nuts from Deraerara, and 1050 from Berbice. British Honduras exported 381,680 coco-nuts in 1876, 
604,399 in 1877, and 688,164 in 1878. The Bahamas have recently entered upon this industry, 
and there is promise of its attaining respectable proportions in a few years. The export of the nuts 
was 9518 in 1879. Some 80,000 trees have been planted in the colony since 1875. 

Groves of coco-nut palms extend for about 280 mUes along the coast of Brazil. From Para alone, 
about 7i million of the nuts, worth 130,0002., are annually shipped to the United States and Europe. 
The yearly produce of the island of Itamarca, on that coast, is about 400,000 nuts. Maceio 
exported 2632. worth of coco-nuts in 1876, and 1382. in 1879. 

Coquilla-nut. — This is the produce of Aitalea funifera, one of the palms affording piassaba 
fibre (see Fibrous Substances — Attalea funifera). It is of a dark-mahogany colour, oval, and 3-4 in. 
long, and is used for ornamental turning, and making the handles of doors, umbrellas, &c. The 
supplies have been curtailed by indiscriminate destruction of the trees, and the quality has much 
deteriorated. 

Corozo- or Corosso-nut, or Vegetable Ivory. — The fruit of the anti {Phytelephas 
macrocarpa) forms the marfil vejetal, or “ vegetable ivory ” of commerce. The plant is confined to 
the northern part of S. America ; and though yielding so useful a product, no serious attempt has 
been made to introduce it into any of our tropical colonies, despite the great promise of profit 
attending snch a venture. In Jamaica, Trinidad, and Dominica, the plant would thrive along the 
banks of the rivers and streams, which run through many of the estates. The “ nuts ” are the seeds 
found in the interior of the fruit. They are collected by the natives, and shipped in large quan- 
tities to Europe, where they form the chief substitute for elephant-ivory (see Ivory), and are very 
extensively used for small articles of turnery, such as buttons. The exports of these nuts from 
Panama are constantly increasing, and at enhanced prices ; the shipments to the United States in 
1879 were of a value of 28,3702. The exports from Guayaquil have increased from 71,482 quintalt 
in 1874, to 193,432 quintals in 1879 ; the province of Manabi also shipped 107,986 quintals in 1878. 
The consumption of the nuts despatched from Guayaquil is almost equally divided between 
England and Hamburg ; but the cargoes sent from Manta and other Ecuadorian ports are chiefiy 
for the latter market. Their value is 15-303. a owt. 

The kernels of Hyphcene crinita and Saphia Hooheri have been imported as substitutes, but 
unsuccessfully. Those also of Sagus amaricum have been largely received from the Friendly 
Islands. It is probably this plant which is so abxmdant in the Solomon Islands of the S. Pacific, 
though the fruits are called “ corosso-nuts.” An ivory-nut palm belonging to a new species of 
Phytelephas is a native of Venezuela, and has been provisionally called P. crinocensis. The nut is 
like that of P. macrocarpa ; but the plant, called timiti by the natives, has an erect tr unk 8-10 ft. 
high. It may lead to ivory-nuts being exported from Bolivar and Trinidad. 

Ginkgo-nut. — This is the seed of Salisburia adiantifdia, which is largely cultivated in China 
and Japan. The seeds are eaten, and yield an oil. 

Ground- or Fea-nut. — This nut, called also earth-nut, monkey-nut, Manilla nut, and 
minyak-katjang or katchang-tanak (in Java, &c.), is the produce of Arachis hypogaa. The plant is 
extensively cultivated in all tropical and subtropical countries, especially India, the Malay Archi- 
pelago, China, Africa, and America. It might with great benefit be introdnced into Australia, 
In W. Africa, it is cultivated in greatest abundance at a few miles inland, where the comparatively 
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arid conntry is succeeded by better land and climate. It requires a good soil, and is therefore 
chiefly grown in the bottoms of valleys, or near rivers and marshes. The cultivation is exceedingly 
simple : the ground is cleared of weeds, &c., which are burnt, and after being hoed a few inches 
deep, the seeds are dropped in and covered over. Sowing takes place at the beginning of the rainy 
season, October-November ; the first crop of nuts for eating green is ready about April, but they 
are not ripe till 9 months after sowing, or about July-August. The greater part of the crop of 
Angola and the Congo is grown in the Mbamba conntry, parallel with the coast, and 30-80 miles 
inland. The Indian-grown nuts are chiefly used locally as food, while some oil is obtained from 
them, mostly for adulterating other oils. Recent figures state the area occupied by it in India at 
112,000 acres, and this is capable of very great extension. In Java, the nut is planted in high 
grounds, that are unfit for wet rice cultivation ; after extraction of the oil, the refuse is used as 
manure. In Senegal and on the Gambia river, these nuts form a staple production, Cayor and 
Casamance furnishing the largest quantities. The American crop for 1880 was estimated as 
follows; — Virginia, 1,600,000 bush.; Tennessee, 1,100,000: N. Carolina, 120,000 ; total, 2,820,000 
bush. Jamaica had 5 acres under ground-nuts in 1874-5, but only 2 in 1877-8. The important 
alimentary value of ground-nnt meal may be judged from the following analysis : — Moisture, 9'6 ; 
fatty matter, 11'8; nitrogenous compounds, 31*9: sugar, starch, &c., 37‘8; fibre, 4‘3; ash, 4'6 
per cent. It is thus far superior to both peas and lentils. The chief use of the nuts at present in 
Western commerce is for the oil which they afibrd (see Oils — Ground-nnt) ; for the sake of this oil, 
they are largely imported to Marseilles, London, and Hamburg. The exports from the Gambia 
were 15,729 tons in 1858, and 13,000 tons in 1872 ; they fell to 10,000 tons in 1876, but reached 
the unprecedented figure of 29,396 tons in 1879. The exports from Sierra Leone in 1870 were 
350 tons and 713,524 bush., all for France. Senegal exported 11,483,080 kilo, to France in 1874. 
The exports of ground-nut cake from Kiungchow were 17,600 piculs (of 133^ lb.) in 1877, 7942 in 
1878, and 14,612^, value 59891., in 1879- The exports of the cake from Pakhoi were 250,000 piculs 
in 1879. Taiwan exported 10,619 pnculs of the cake in foreign bottoms in 1879. The exports of 
the nuts from Amoy were 1666 piculs in 1877, and 695 in 1878. The exports from Grenada Island 
(W. Indies) were 451 barrels and 216 bags in 1878. 

Hazel-nut. — The fruits of the wild Corylus Avellam are the common hazel-nuts ; several 
species and varieties are distinguished, the principal being var. barcelonensis, affording the Spanish 
and Barcelona nuts, C. Columa, yielding the Turkish kind, C. tubulosa, filberts ; and C. Avellana 
var. grandis, the Kentish cob-nut. Some of the species are probably mere varieties produced by 
cultivation. The common wild nut is a native of all the cooler parts of Europe, N. Asia, and 
N. America. Of these nuts, our importations never exceed 300,000 bushels. The bulk comes from 

Spain. These, though afforded by one variety of tree only, are classified separately as 

(1) Spanish ; coming from Gijon, said to be sulphured, and will not keep for any time, arrive 
in bulk; and (2) Barcelona : kiln-dried, shipped from Tarragona in bags of 1281b. The produc- 
tion of hazel-nnts is an important industry on the Turkish coast districts, extending from Athina 
to a little westward of Kerasuud, and they constitute the chief riches of Kerasund, Tireboli, Ordos, 
Keureli, Yomurah, and Surmeneh. The best qualities are those of Kerasund and Tireboli. 
Since 1876, the nuts have been shipped from these places directly to Great Britain, and tlieir 
yearly value is now upwards of 20,000/. The exports of nuts (including a few walnuts) from 
Trebizond in 1879, in sacks of IJ cwt., were : — ^To Turkey, 11,862, value 17,793/. ; France, 1924, 
2886/. ; Austria and Germany, 612, 918/. ; Russia, 1150, 1725/. ; Greece, 552, 828/. ; Bulgaria and 
Ronmania, 2004, 3006/. ; total, 18,104, 27,156/. Filberts are of three kinds, white, red, and frizzled. 
The first is most commonly grown in this country. Hundreds of acres are planted with it in Kent, 
whence the London market is chiefly supplied. It is said that 30 cwt. an acre is sometimes 
raised on suitabl^land, affording a higher money return than probably any other crop grown in 
this country. Hazel-nuts afford a bland oU (see Oils — Hazel-nut). 

Hickory-nut. — Several species of hickory-tree, all natives of N. America, afford edible nuts. 
The fruits of the Peccau or Illinois hickory (Carya oHvmfomis'), a common tree on the Ohio and 
Mississippi, are light-brown in colour, and shaped like an olive ; they are much superior in flavour 
to the nuts of any other species of the genus, and occasionally are found in English fruit-shops. 
The nuts of the shell-bark hickory (C. alba) are second in point of edible qualities. The nuts of 
nearly all these trees are valuable for their oleaginous properties (see Oils — Hickory-nut). 

Kola-, or Guru-nut. — This name is applied to the seeds of Cola {_Sterculia'] acuminata, a tree 
indigenous to W. and central tropical Africa, and introduced by the negroes into Brazil and the 
W. Indies. These nuts are held in the highest estimation among the African races, for promoting 
digestion, and rendering stale water potable ; and they form a most important article of commerce 
from the Angola to the Mediterranean. Chemical examination of the nuts has proved them to 
contain an alkaloid, similar to that of tea or coffee, and they are habitually used as substitutes for 
our ordinary dietetic beverages by foreigners residing in the localities producing them. They are 
said to promote digestion, support fatigue, and produce a generally bracing effect upon the 
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system. When better known, they will doubtless be cultivated in our tropical colonies, especially 
as they flourish both on the sea-coast and inland. 

Palm-nut. — The well-known palm-oil of commerce (see Oils — Palm) is the product of the 
outer fleshy coating of the seed of Elmis guineensis, a palm indigenous to W. tropical Africa, where 
it is found in great abundance, and whence it has been introduced into the W. Indies. Some oil 
is also yielded by the seed. The shell of the nut takes a fine polish, and is made into ornamental 
articles by the negroes. The geographical range of tliis palm in Africa extends from the coast of 
Guinea to the south of Fernando Po, and into the interior as far as Zhem, 400 miles from the sea, 
and the mouth of the Min, a tributary of the Niger. It flourishes also on the islands of Zanzibar 
and Pemba ; occurs on the mountains of Usagona ; and is plentiful around the lakes of Central 
Africa. Its limits are probably far from being yet defined. Strangely enough, beyond a successful 
attempt to introduce this most useful tree into Labuan, virtually nothing has been done to extend 
its range, and we remain absolutely dependent upon the W. African ports for our supplies of the oil. 
The following notes convey all that is known about the cultivation of the palm. The ground is 
first well-raked, and the ripe nuts selected for sowing are scattered broadcast over the prepared 
ground, and lightly covered with earth, or 6-10 nuts are dropped together into holes at various 
distances, and covered with earth. The planting is effected during the rainy season, as moisture 
is essential. When the young shoots are about 1 ft. high, they are carefully removed in the 
evening, and transplanted at distances of at least 15 ft. from each other ; the best plan is to let 
them remain during 12 months, before performing the transplantation. The tree grows luxuriantly, 
and bears abundantly when it is 10-12 ft high, if in a damp, semi-marshy soil, where water does 
not stagnate ; but in dry, arid soil, it becomes stumpy, growing very slowly, and sometimes bearing 
fruit when only 4 ft high. To ensure healthy trees, and a full crop of “ fat nuts,” the trees must 
be at least 20 ft. apart, and well supplied with water. The harvest of nuts fit for use is biennial, 
but the chief quantity of commercial oil is obtained from nuts gathered during the rainy season. 
The kernels now form a distinct article of trade, not less important than the oil itself: 
27,873 tons were shipped from Lagos in 1878 ; 100,000 tons from Sierra Leone in 1870 ; 104 tons from 
the Gambia in 1877, and 87 tons and 91 bags in 1878. The meal left after expressing the oil from 
these kernels is one of the most valuable fat-producing foods for cattle, its analysis showing : — 
Moisture, 7 ‘49: fatty matters, 26 ‘57 ; albuminous compounds, 15 75; starch, mucilage, sugar, and 
digestible fibre, 37'89 ; woody fibre, 8’40 ; ash, 3 ’90 per cent. 

Physic-nut. — This name is applied to the seeds of Curcas purgans [Jatropha Curca$], from the 
powerfully purging qualities of the oil expressed from them. The plant is indigenous to tropical 
America, and is very generally found in warm climates, being cultivated in Brazil, the E. and 
W. Indies, W. Africa, the Cape Verde Islands, the Philippines, &c. It is readily increased by 
cuttings, which rapidly take root, and is invaluable as a hedge-plant, the leaves being refused by 
all cattle. The Cape Verdes produced 16,672 tons of the seeds in 1869. The wider cultivation of 
the plant in our tropicsd colonies would be amply repaid by the oil (see Oils — Pulza). 

Pistachio-nut. — Pistachio-nuts are the produce of Pistachia vera, a native of W. Asia, 
whence it has been introduced into S. Europe, and has there become very largely cultivated. The 
^uts are very generally eaten by the Turks, Greeks, and natives of S. Europe, either simply dried 
as a dessert-fruit, somewhat resembling almonds, or made into articles of confectionery. We 
import them in small quantities, both shelled and nnshelled. The exports from Aleppo in 1878 
were : — 1 tons, value 420/., to France ; 32 tons, 1920/., to Turkey ; and 8 tons, 480/., to Egypt. 
Bagdad in 1878 exported 9 cwt , value 52/., to India and Europe. 

Sapucaya-uut. — The seeds of Lecythis Zabacajo occasionally come in small quantities to this 
country. The tree is a native of Venezuela, Guiana, and Brazil, and grows indifferently on the 
terra firme, in the swamps, and on the edge of the flood-plains. The nuts are likely to supersede 
the closely-allied Brazil-nuts as a dessert-fruit, being far superior in flavour, and easier of digestion. 
They are more than 2 in. long and 1 in. wide. Our supplies are drawn from the Brazilian forests, 
and are shipped at Para. The seeds of L. ollaria, whose fruits are known as “ monkey-pots,” and 
sometimes used in ornamental turnery, are less palatable. 

Singliaxa-n.ut. — ^The singhara-nut of India is the produce of two species of water-chestnut, 
Trapa bispinosa and T. quadrispinosa, which flourish in the lakes of Cashmere, and in the ordinary 
water-tanks aU over the upper provinces of Bengal. In Cashmere, the cultivation of these nuts is 
a most important industry, and it is estimated that they feed 30,000 people for 5 months in the 
year. Their more extended growth in all lakes, jheels, and inland waters in all parts of India is 
strongly urged as a step towards preventing future famines. The harvest or season when the nuts 
are mature lasts for 3 mouths, and the nuts may be stored for years in their horny outer skin, or the 
kernels may be taken out and sun-dried, and will then remain good for a long time. Another 
species, T. natans, is cultivated in S. Europe, and its nuts are often ground, and made into bread. 
Yet another speeies, T. bicomis, is the liTig of the Chinese, whose seeds also form a considerable 
article of food. 
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Soap-nut. — The name “ soap-nnts ” or “ soap-berries ” is applied to the seeds of several species 
of Sapindus, from the fact of their being used in the tropics as a substitute for soap, their outer 
covering or shell containing a saponaceous principle in sufficient quantity to produce a lather with 
water. Among the species thus used are S. Sarax and S. emarginatus in the Old World, and 
S. Saponaria and S. inmqmlis in the New. The round, hard, black seeds are used for small articles 
of turnery, and S. emarginatus affords a medicinal ofl in India (see OUs). The seeds of Acacia 
concinna are used in India in the same manner as the soap-nuts proper. Soap-seeds figure largely 
in Chinese commerce. Hankow exported 1183 piculs, value 344Z., in 1879. Shanghai, in 1879, 
imported 1788 piculs from Chinese ports, of which, 744 were retained for local consumption. 

Walnut. — The fruit of the common walnut (Juglans regia") is too well known to need descrip- 
tion. The tree is found native from Greece and Asia Minor, over Lebanon and Persia, along the 
Hindu Kush to the Himalayas, and from the Caucasus almost throughout China, besides having 
been introduced generally throughout temperate Europe. In portions of the Alps and Apennines, it 
is very abundant, and is fairly plentiful in the forests of Lazistan, on the Black Sea, but is 
perhaps most common in Cashmere, whence come the walnuts imported into the plains of India. 
The green nuts form an esteemed pickle, and the ripe ones an equally favourite dessert-fruit, 
while in some places they are treated for the extraction of a valuable oil (see Oils — Walnut). Our 
supplies come mostly from the Continent. China produces immense quantities ; the exports from 
Hankow in 1878 were 10,560 piculs (of 133^ lb.), and in 1879, 9766 piculs, value 12,829/.; the 
exports from Chefoo fell from 5001 picu/s in 1870 to 1693 in 1879. 

Preparations of the walnut are included among medicinal agents on the Continent, notably an 
extract of the dry leaves. From experiments made with preparations from leaves collected in 
June, and in October, and leaves 12 months old, it would appear that the full-grown leaves may be 
collected at any period during fine weather, even as late as October, when they can be removed 
without injuring the tree. The extract should be prepared with such leaves recently dried. The 
leaves falling in autumn should not be used, though there is reason to suspect that they are 
often employed in preparing the commercial extract. When the leaves are of good quality, they 
have a fine green colour on the upper surface, and a darker green beneath, with brown petioles. 
They have a parchment-like texture, an aromatic odour, and a freely bitter and astringent flavonr. 
Altered leaves lose moat of their odour and flavour, and assume a brownish tint. Fallen autumn 
leaves sometimes show yellow spots. 

Imports.— Oui imports of nuts and kernels, mostly need for expressing oils therefrom, in 1879, 
were as follows From the W. coast Africa (foreign), 11,629 tons, value 158,571/. ; Gold Coast, 
9666 tons, 131,094/. ; Australia, 4845 tone, 95,319/. ; Pacific Islands, except Fiji, 3041 tons, 61,413/ • 
British W. Africa, 2748 tons, 33,994/. ; other countries, 2437 tons, 41,379/. ; total, 34,366 tons, 521,770/.’ 

Bibliography.— P. L. Simmonds, ‘Nuts, their Produce and Uses’ (Jour. Soc. Arts,Yol. xx.. 

No, 1014, London : 1872); P. L. Simmonds, ‘ Tropical Agriculture ’ (London ; 1877 ). 

OIIiS AND FATTY SUBSTANCES (Fb., Huiles et Corps Gras-, Geb., Oele und Fett- 
waaren). 

The dual heading “oils and fatty substances” is rendered necessary by ihe fact that, in 
everyday language, the specific terms “oil” and “fat” are very widely, and often erroneously, 
applied. The name “ oil ” is made to embrace three distinct classes of bodies (a) “ fixed ” or 
fatty oils, (6) volatile and “ essential ’ oils, and (c) petroleum ” and other “ mineral ” oils. 

The first class comprises a number of organic bodies, composed of carbon, hydrogen, and a little 
oxygen, viscid liquids, communicating a permanent stain to paper, insoluble in water, and, as they 
occur in nature, mostly mixtures of different simple fats, which, by saponification, are resolved into 
fatty acids and glycerine. For further information upon the subject of saponification, the reader 
is referred to the articles on Candles and Soap ; the identification of the fatty acids is discussed 
under the section of the present article entitled Detection and Analysis. The term “ fat ” is applied 
to these oils when they are in a solid state ; thus the same product may be an “ oil ” in one climate 
and a “ fat ” in another. 

The second class, volatQe and essential oils, consist either wholly of carbon and hydrogen, or of 
these elements supplemented by less proportions of oxygen, nitrogen, and sulphur. They have a 
thin, oily consistence, volatilize completely at high temperatures, possess powerful and peculiar 
odour and flavour, are very inflammable, and sparingly soluble in water. Many of them occur 
ready formed in organic bodies, chiefly of the vegetable kingdom, and are then true essential oils; 
others, which are volatile but not essential, are produced by dry distillation, fermentation, and other 
changes. 

The third class, mineral oils, belong strictly to the preceding, being true volatile oils ; but their 
immediate sources, preparation, and application, differ so widely, and they form, moreover, such an 
important branch, that it will be best to consider them separately. Neither essential nor mineral 
oils can be spoken of as “ fatty substanees.” 
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The arrangement adopted in this article is as follows; — Oils and Fats derived from Animals, 
Fish, and Insects, wliether fixed or volatile (p. 1361) ; Fixed Oils and Fats derived from Plants 
(p. 1377); Volatile and Essential Oils deriv^ from Plants (p. 1415); Mineral Oils (p. 1433). 
These main sections will be followed by various General Considerations bearing upon the whole 
subject, and embracing Improved Modes of Extraction (p. 1447) ; Refining, Clarifying, and Bleach- 
ing (p. 1459) ; Detection and Analysis (p. 1462) ; Illuminating Values (p. 1477) ; Heating Values 
(p. 1478) ; Lubricating Values (p. 1479) ; Boiling, Oxidizing, and Vulcanizing (p. 1482) ; Imports 
(p. 1482) ; Prices (p. 1483) ; Bibliography (p. 1483). 

ANIMAL, FISH, AND INSECT OILS AND FATS. 

Blackflsll-oil. — The term “ blacMsh ” is very promiscuously applied by whalers, and includes 
the common black whale of the Australian seas QBalana australis), Physeter miorops, and P. Tursio, 
besides the pilot whale (^Gldbiocephalus Svineval), the American G. intermedias, and the killer ((?. 
macrorhyncus) of the South Sea whalers. The two species of chief importance as oil-yielders are 
G. intermedias and G. macrorhyncus. The former is pursued by the Tasmanian whalers, and affords 
an average of 30-35 gal. of dark, unpleasantly odorous oil. This fishery, in 1869, produced 13 tuns ; 
in 1873, 12i tuns ; and the exports in 1875 were 25 tuns, value 9651. The American cetaceans 
appear about the shores of Cape Cod and Barnstaple Bay from early summer till early winter. 
They are surrounded by boats, and frightened till they beach themselves in endeavouring to escape. 
They are then lanced, and when the tide leaves them, their blubber is cut out, and “ rendered.” The 
product is about 30 gal. of oil. In addition, a portion of the head, reaching from the spout-hole to 
the end of the nose, and from the top of the head to the upper jaw, and forming a piece weighing 
about 25 lb., affords some 6 qt. of a very limpid oil, which is commonly termed “ melon-oil.” This 
oil is said to have an unusually tow congealing-point, and to have no corrosive efiect on metallic 
surfaces ; it is specially prepared by a few firms in the United States as a superior lubricator for 
delicate mechanisms. (See also Spermaceti, p. 1371 ; Whale-oil, p. 1374). 

Bone-fat (Fa., Suif <fos, Graisse d’os. Petit suif ; Ger., Knochenfett). — A fat of varying quality 
is obtained from slaughter-house and kitchen bones, by boiling them in water, previous to their 
utilization for articles of turnery, manurial purposes, &c. The conduct of the operation and the 
nature of the products are described in the article on Bones (p. 521). Some improved methods of 
separating fat from bones will be fotmd under another section of this article (see p. 1448). 

Bone-oil, Dippel's Oil, Animal Oil. — In the dry distillation of animal gelatinous 
substances, the oil known by these various names is produced, it being a result of the decomposition 
of gelatinous tissue. That first introduced into pharmacy was obtained from stags’-born, but all 
now found in commerce is recovered as a product of distillation during the calcining of bones 
for the preparation of animal charcoal or bone-black. The operation is described and illustrated 
on p. 1450. The crude oil is dark-brown to black ; its sp. gr. is 0 • 97 ; it consists chiefly of a 
mixture of volatile organic bases, with lesser proportions of acids and neutral hydrocarbons. 

Butter (Fk., Beurre-, Geb., Butter). — The fatty portion of the milk of all mammalian animals 
is called “ butter,” but the term in a commercial sense is restricted to that from the cow. The 
methods adopted for making butter vary widely throughout the world, but the object of the operation 
is always the same, viz. to rupture the thin membranous sacs in which the butter is disseminated 
through the milk, and to enable their contents to coalesce. Butter is produced in most countries 
which possess pastures, but in some much more extensively than in others. The quantity made 
annuaUy in the United Kingdom is estimated at lJ-2 million cwt. Much of this is Irish, Munster 
being the great butter-producing province. The chief ports for its shipment are Cork, Waterford, 
Limerick, and Belfast. Cork monopolises the foreign export trade, and the butter shipped there is 
usually more heavily salted, with a view to its longer preservation. The supplies from the other 
three ports are less strongly cured, and better adapted for immediate consumption. About ^ of 
the total exports go to foreign markets, principally to Brazil, smaller quantities to the Mediter- 
ranean, W. Indies, and Australia. Irish butters are divided into six qualities, and are esteemed 
inferior to good Continental butters. France is noted for its butter, the foremost quality being from 
Isigny, and including not only that made in the district, but also the best produce from Normandy 
and Calvados. The Goumay butter, made in the departments of Eure and Seine-Inferieure, ranks 
second. French salted butter comes from Brittany, especially Morlaix, Rennes, Nantes, and Vannes. 
Dutch butter is of three kinds — (1) “ grass ” butter, made from cream when the cows are at grass ; 
(2) “ hay ” butter, made from cream when the cows are being stall-fed ; (3) “ whey ” butter, made 
from the whey of new-milk cheese. A peculiarity in the Dutch way of making cream butters is the 
cooling of the new milk by cold-water troughs for a couple of hours, the milk being stirred mean- 
while. This hastens and perfects the separation of the cream. American butters are now said to be 
largely adulterated with powdered soapstone or steatite (a natural silicate of magnesia), which 
increases the weight without affecting the bulk. For shipment to warm climates, butter should be 
packed in 1-lb. or 2-lb. glass bottles, with mouths about 2 in. across, and fitted with glass stoppers 
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■with a cement that will keep air-tight. A spoonful of the very best salt should be added at the 
top before stoppering. French butter is thus sent to the E. Indies. 

The commerce in butter is extensive. The exports of butter from European Russia have risen 
from 112,925 poods (of 36 lb.) in 1873, to 174,110 poods in 1878 ; in 1871, they amounted to 237,401 
poods. The exports from Sweden have grown from 69,815 centners (of 93| lb.) in 1873, to 89,908 
centners in 1878. The Danish exports have increased from 35,547 tonder (of 3 '82 bush.) in 1868-9, 
to 102,140 tonder in 1878 ; they were 142,703 tonder in 1876. The exports from the German Empire 
were 258,000 centners (of 110^ lb.) in 1872, and 244,000 centners in 1879. The exports from Holland 
have risen from 15,246,000 Klo. in 1872, to 36,451,000 kilo, in 1879. The exports from Belgium have 
grown from 3,784,000 kilo, in 1871, to 5,231,000 kilo, in 1879. The exports of butter and cheese 
together from France rose from 21,309,000 kUo. in 1870, to 43,081,000 kilo, in 1876 ; but fell to 
31,598,000 kilo, in 1879. The exports from the United States have increased from 2,019,000 lb. in 
1870, to 38,248,000 lb. in 1879 ; Philadelphia shipped 605,529 lb. in 1879. The exports from Canada 
fell from 170,254 cwt. in 1872, to 82,752 cwt. in 1875, then rose to 138,210 cwt. in 1877, and were 
129,787 cwt., value 445,5101., in 1879, The value of the butter exports from Natal fell from 84031. 
in 1869, to 6891. in 1876, and was 17241. in 1878. These statistics include all substances declared as 
butter to the Customs authorities. Large quantities of artificial compounds help to swell the 
figures, notably those of Holland and the United States. 

■ The quality of butter depends upon the season, and upon the breed, health, and diet of the 
animal. It is a complex compound of glycerides, of non-volatile acids (fats), and of volatile acids. 
It should contain at least 85 per cent, of pure fat, the remaining constituents being 3-5 per cent, of 
caseine or curd, imperfectly washed out ; 5-12 per cent, of water, according to whether it is fresh or 
salt butter ; and 4 per cent, of salt in fresh, and 8 in salt butter. Its true melting-point, as 
determined by Hassall, ranges from 32°'8 (91° F.) to 34°'9 (95° F.), the mean being about 
33° • 5 (92° ■ 3 F.). It dissolves in 28 parts boiling alcohol of 0 ' 82 sp. gr. Dr. Hager has fixed 
the sp.gr. of butter at 15°-16° (58°-60° F.) at 0'938-0'940 when clarified by settling, and at 
0- 936-0 '937 when several months old. It is most extensively adulterated (see Butterine). The 
most reliable tests for the detection of admixtures of foreign fatty substances in butter will be 
found in the section devoted to detection and analysis (see p. 1465). 

Butterine, Bosch, Oleomargarine, or Artificial Butter (Fb. Margarine-Mouries ). — 
Within the last decade, a new and important manufacture has sprung up in consequence of the 
dearness and scarcity of butter. It was initiated in France, and the product was called Margarine- 
Mouries, from the name of its inventor ; in this country, it is variously styled “ butterine,” “ bosch,” 
“ oleomargarine,” and “ artificial butter.” It originated from a surmise of the eminent French 
chemist Hege-Mouries, that the formation of butter contained in milk was due to the absorption of 
fat contained in the animal tissues. This led to the experimental splitting-up of animal'fats, with 
the result that- a process was devised by which the oleine and margarine contained in the fat could 
be almost completely sep.arated on a commercial scale from the stearine. This process consists in 
heating finely -minced beef-suet with water, carbonate of potash, and finely-chopped fresh sheep’s- 
stomachs, at a temperature of 45° (113° F.), when the combined influence of the pepsine of the 
sheep’s-stomachs,and the heat, causes the separation of the fat from the cellular tissue. The fattv 
matters are removed, cooled, and submitted to powerful hydraulic pressure in the cold, which effects 
their determination into a solid and a liquid portion, the former being stearine, a commercially 
valuable article, and the latter the oleine and margarine, or oleomargarine, required for making 
the artificial butter. This is the process patented by Mege-Mouries, and under which a large 
proportion of the butterine is made. 

A method that is very extensively employed in the United States consists in thoroughly washing 
the picked beef-suet in water, and placing it in a steam-jacketed pan ; the contents are never 
allowed to experience a temperature exceeding 49° (120° F.). The pure fat that runs off is 
“seeded” (i.e. allowed to cool very slowly, which facilitates the mechanical separation of the 
stearine) and pressed. The resulting stearine is sold for candle-making purposes, while the liquid 
portion (oleomargarine) is used in the manufacture of butterine. 

Another arrangement is adopted by W. Cook and S. Hall of the E. London Soap-works, Bow. 
The freshest beef-suet is first thoroughly disintegrated and reduced almost to a pulp. A wooden 
chamber is provided, of sufficient height to accommodate a workman, and with a passage up 
the centre. At the two sides, are inclined racks ; upon these, shallow iron trays are slid in from the 
outside, and rest with a slight slope towards the central passage. Along the lower free edo-e of 
each row, is an open iron gutter, leading to a receiver outside. The comminuted fat is laid in thin 
layers upon the trays, and the temperature of the chamber is raised by steam-pipes to such a 
degree as will just suffice (and no more) to liquefy the fat, which then escapes by the gutters to the 
receiver, leaving behind such shreds and portions of tissue as are not liquefied by the heat. The 
temperature should never exceed 54°-57° (130°-135° F.), and a much lower degree will be equally 
effective by prolonged time. The product (oleomargarine) is remarkably fine and fit for food. 
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The residual matters, still containing G-7 per cent, of tallow, are mixed with kitchen-stuff, and 
rendered by the ordinary process described in another section (see pp. 1447-8). 

The oleomargarine obtained by either of these processes is too limpid for use alone. It is 
mixed, either in the locality of production, or after exportation (in barrels or tierces, under the 
name “ oleomargarine,” “ butter-fat,” or simply “ oil,”) to butter-producing districts, with propor- 
tions of milk, water, and colouring matter. The usual proportions are 10 lb. oleomargarine, 
4 pints milk, and 3 pints water, with a little annatto and salt. It is important to remark that (in 
America at least) the milk is invariably used in a slightly sour condition. The whole is churned 
up with the greatest care as to the temperature at which the operation is conducted, and is then 
suddenly run out in thin layers upon sheets of ice to cool it rapidly. It is finally made up in 
“ pats ” and packed, in every respect the same as genuine butter. The characteristics which 
distinguish it from true butter are described at p. 1465. A compound termed “ creamy butterine,” 
recently put upon the market in large quantities, has the taste, appearance, and odour of butter, 
and yields 92 per cent, of insoluble fatty acids. New York manufacturers state that, when the 
retail price of genuine butter falls below 23 cents (say lljd.) a lb., it does not pay to make but- 
terine. The average wholesale prices of the oleomargarine oil and the manufactured butterine 
ruling in New York since 1876 have been 13 cents and 15 cents a lb. respectively. As to the 
nutritive value of butterine, French official reports pronounce it superior to butter. On the score 
of its liability to contain organic germs likely to produce dangerous or fatal results in persons 
eating it, there is a marked want of agreement among scientific men. Much probably depends upon 
the care used in the selection of the fat and in the conduct of the manufacturing process ; where 
inferior fats are employed, as it is to be feared is sometimes the case, it seems impossible to avoid a 
dread of evil consequences. Complaints are made that quantities of Chicago pig-lard are being 
introduced by some makers. 

The manufacture of butterine has assumed very large proportions in the United States; it 
is chiefly carried on in New York, but factories also exist in Philadelphia, Pittsburg, Chicago, 
Cincinnati, and other cities. It is estimated that at least 6 million lb. of oleomargarine are exported 
annually from New York. The shipments take place almost entirely to the Continent, Havre, Ham- 
burg, Bremen, and Rotterdam being the moat important destinations. In the warm months, the oil is 
the main export, although the prepared butterine is also shipped in refrigerators by steamer. 
During the winter months, both oil and butterine are exported, the latter chiefly to the United 
Kingdom, but its- proportion is comparatively small in relation to the oil sent to the Continent. 
After the oil has been converted into butterine in Germany and Holland, it is re-shipped to 
England and France, mainly the former. 

Cod-liver-oil (Fb., Huile de Foie de Monte; Geb., Zeberthran ). — A valuable oil is afforded by 
the liver of several flsh of the genua Gadus, notably that of the common cod, G. Morrhta. The 
chief seats of the cod-fishery are the coasts and banks of Newfoundland, Nova Scotia, the Gulf of 
St. Lawrence ; the W. coast of Norway, from Stavanger nearly up to Hammerfest, and including 
the Loffoden Islands; the coasts of Denmark and Germany, commencing at Bbmo on the W., 
passing through the Skager Rack and Cattegat, and extending E. to Dantzic; the coasts of 
Shetland, Fmroe, and Iceland, and the Dogger Bank in the North Sea. 

The methods in vogue for extracting the oil from the cods’ liver are not everywhere the same. 
The common plans at the less advanced fisheries, as in Iceland tind the Finland ports, are as 
follows. The clear oil is obtained by throwing the livers, directly they are brought ashore by the 
fishermen, into large wooden reservoirs or barrels, where, after having been subjected to uniform 
stirring, they remain till decomposition has tsiken place. The effect of this is to cause the rupture 
of the cells containing the oil, which latter then escapes, and collects on the surface. It is drawn 
or ladled off as it rises, and conveyed into larger vessels for clarification by settlement of the 
impurities, afterwards being filled into casks for sale. The oil will be observed to darken consider- 
ably in colour as the decomposition progresses, and is somewhat deteriorated thereby. The burnt, 
brown, or tanners’ oil is obtained from the solid remains left from the preceding process, which are 
placed in iron kettles, and boiled till all the water contained in the liver is evaporated ; this also 
liberates the oil, which is strained, clarified, and barrelled like the first quality. 

These crude processes have been considerably modified in Newfoundland and Norway. The 
livers reserved for the preparation of medicinal oil are taken as fresh as possible, always within 12 
hours of the capture of the fish. They are very carefully examined, and those which are poor or 
injured, or have pieces of gall adhering, are rejected. The selected livers are then thoroughly 
washed and dried. They are immediately put into open barrels, where the oil slowly exudes, and 
is ladled from the surface. Wlien quite cold, it is filtered several times through blotting-paper, and 
put up in tin cans or oak barrels. It is of a straw-yeUow colour, almost devoid of taste and smell, and 
is known as “ natural medicinal.” The livers are then placed in tinned sheet-iron pots, suspended 
in water contained in a larger pot — a kind of water-bath ; the heating of the water causes the oil 
to exude from the livers. Sometimes the heating medhnn is steam, and in other cases, the steam is 
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directly applied to the livers themselves. The temperature at which the operation is conducted 
appears to differ most materially. At some works, it is not allowed to exceed 44J° (112° F.) ; while 
at others, it is raised to 82° (180° F.). The occurrence requiring to be specially guarded against is 
the breaking-up of the livers before the oil has been removed from the vessel, otherwise 
infinitesimal portions of animal matter mingle with the oil and subsequently putrefy in it, thus 
lowering its value. The exuded oil is skimmed off, and “ reduced ” or “ boiled away ” till all the 
water has evaporated from it. It is then filtered four times through filter-paper or very fine 
muslin, to free it from all remaining solid impurities. The 3deld of oil depends upon the condition 
of the fish, which varies exceedingly with the season. Early in the season, they are rich in liver, 
so that 250-300 fish may give a barrel of liver; as the season advances, they become poorer, till 
600-700 are required to give the same quantity of liver. 

The classification of the product naturally depends upon the systems which are in vogue for its 
preparation. The most usual subdivision is threefold : — (1) The palest and purest, termed “ steam- 
boiled medicinal ” or “ ordinary bright,” used only in medicine ; (2) a somewhat redder after-yield, 
called “ light-brown,” inferior for medicinal purposes, but largely used for such ; (3) the “ dark- 
brown,” or “ tanners’,” obtained by roughly boiling down the livers remaining from the foregoing 
processes. The last is settled in large receiving-tanks, racked off, and barrelled. It is largely used 
by tanners and curriers. The best is said to be from Newfoundland ; that from Labrador fetches 
2-4 cents a gal. less in the market. The refuse solid materials remaining after all the oil has been 
extracted are added to other offal for making fish guano (see Manures). The chemical and physical 
characteristics of the three qualities of the officinal oil as classified by de Jongh are as foUows : — (1) 
Palest and clearest: colour, golden-yellow; sp. gr., 0-923 at 17J° (63J° F.); soluble in 40 parts 
cold and 22-30 parts boiling absolute alcohol; deposits a white fat at —13° (9° F.); (2) pale- 
hrown : colour, that of Malaga wine: sp. gr., 0-924; soluble in 31-36 parts cold and 13 parts 
boiling absolute alcohol; (3) brown: colour, dark-brown, greenish by transmitted light; sp. gr., 
0-929 at 17J° (63^° F.); soluble in 17-20 parts cold or hot absolute alcohol; deposits no solid fat 
at —13° (9° F). The oil consists chiefiy of oleine and margarine, and contains small proportions of 
iodine, bromine, and free phosphorus, besides peculiar constituents. ’ It is very largely prescribed 
in medicine, its efficacy being probably due to the bromine, iodine, and phosphorus present, though 
opinions are not uniform on this point. Many other oils are substituted for true ood-liver-oil. 
That obtained from the ling (Gadus [iota] Jfo/ix«)is recognized by the London pharmacopoeia. 
The liver-oils of the dorse ((?. cellarius), and the coal-fish ((?. carbonarius) were formerly supplied to 
Great Britain from Bergen, and are still chiefly used in Germany and Scandinavia. The burbot 
(Zofa migaris) also contributes to the liver-oil prepared in the Shetlands, &c. Besides these, the 
oils extracted from the livers of the haddock, hake, cat-fish, conger-eel (p. 1375), ray (p. 1376), shark 
(p. 1370), and probably many others, are surreptitiously mingled with the cod-liver-oil of commerce. 

The trade in ood-liver-oil and its substitutes has attained considerable dimensions, and is 
of great importance to the population of certain districts. The annual production of Newfoundland 
is said to amount to IJ million gal., value 200,000/. ; the exports of unrefined cod-liver-oil were 
2275 tuns (of 210 gal.), value 113,757/., in 1864, and 2946 tuns, value 49,618/., in 1878 ; the highest 
figure reached during that time was 4140 tuns, 138,000/., in 1869 ; the lowest was 2268 tuns, 75,600/., 
in 1876 ; the exports of refined cod-liver-oil were 171 tuns, 26,380/., in 1864, and 63 tuns, 2520/., in 
1878 ; the highest figure reached during that time was was 419 tuns, 27,944/., in 1865 ; the lowest 
was in 1878. The French cod-fisheries on the Newfoundland coast were .said to have yielded 
an average of 560,000 kilo, of oil in the five years ending 1871. The Norwegian fisheries exported 
130,600 barrels, value 386,600/., in 1877 ; the estimated exports in 1878 were 66,000 barrels (of 
100 kilo.'), of which, 4000 were white steam-prepared oil, 12,000 yellow medicinal, 12,000 common 
oil for industrial purposes, 8000 brownish-yellow, and 30,000 brown tanning, considerable quantities 
of which are stUl used medicinally on the Continent. The Loffoden fisheries, in 1879, afforded 
about 2750 barrels of medicinal oil, and 33,500 barrels of blubber ; the Finmarken fisheries, in the 
same year, produced 3080 barrels of medicinal oil, and 25,000 barrels of coarser oil ; the Sdndmore 
fisheries also gave some 2700 barrels of medicinal oil. The total exports of cod-liver-oil from 
Sweden and Norway in 1879 were 143,165 hectol. (of 22 gal.). 

To the foregoing account, E. G. Clements, of Hackney, has been good enough to add remarks 
substantially as follows. For many years the Newfoundland oil was considered the only sort safe 
for medicinal use. Norway attempted the extraction, but the imperfect method of its preparation 
caused it to be neglected in the London market. Of late years, however, great improvements 
have been made, and now that the Norwegian oil comes in tin-lined casks instead of simply wooden 
ones, it has quite superseded the Newfoundland brand. An exceedingly fine oil may be prepared 
on a domestic scale by selecting the quite fresh livers, washing and drying them, puncturing them 
all over with a pen-knife, and placing them on a dish before a fire. In Norway, three industrial 
methods are in use : — (1) Exposure to the sun, then boiling in water, and skimming off the oil ; 
(2) packing into vats provided with three taps, when, after remaining long enough, the oil floats, 
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and is let off by the taps, the uppermost giving the best; (3) cutting into slices, and exposing to a 
temperature of 82° (180° F.). All livers which have yielded cold-drawn oil are afterwards 
exposed to moderate heat for the extraction of straw-colonred oil, and then to stronger heat for brown 
oil. The property demanding chief attention in oil for medicinal purposes is the presence of free 
iodine (not added), and all wholesale dealers determine its proportion (by the usual sulphuric acid 
test) before purchasing the oil. 

Crocodile-oil. — The oil of the Indian crocodUe contains a larger proportion of solidifiable fat 
than either neats’ -foot or any fish oil. It solidifies at the melting-point of ice, while the others only 
thicken. In comparison with the softening qualities of other animal oils on leather, it has been 
found that leather treated with crocodUe-oil remained much stiffer than when other animal oils 
were used. It has been inquired after for leather-dressing in this country, but is not yet a com- 
mercial article here. It is prepared by the Sanif ijribe, in the Punjab, who eat crocodile-flesh, and 
it is said to be abundantly procurable at Agra. 

The fat of the alligator (Alligator lucms) is largely utilized. The tail of an alligator of 12 ft. in 
length, on boiling, furnishes 50-70 pints of excellent oil, which, in Brazil, is used for lighting, and 
in medicine. The alligators of Central America and the United States might be similarly turned 
to account. 

Sugong-oil. — Of the “ dugong,” “ sea-hog,” gungan, or mooda hoora, there are two species, 
Halicore australis, and H. indicus, each yielding an oil of great valne in medicine and cooking. The 
latter species is distributed throughout the Indian Ocean, abundantly in the Gulf of Manaar, on 
the W. coast of Ceylon, between Adam’s Bridge and Kalpentyn ; also in the Straits Settlements, 
and the Eastern Archipelago. The former species is found on the Australian coasts, from Brisbane 
northwards along the Great Barrier Reef ; in the Gulf of Carpentaria ; in Shark’s Bay, W. Australia ; 
and along the N.-W. coast. The pursuit of the animal by Europeans on an industrial scale is 
almost confined to the Queensland coast, chiefly in Moreton Bay, Wide Bay, Hervey’s Bay, Cleve- 
land Bay, and the mouth of the Pioneer River. Only one vessel is saiii to be engaged in this 
fishery at Shark’s Bay, W. Australia ; in Ceylon and the Straits, this industry seems to be totally 
neglected, except by the Malays, who hunt the animal for food. 

The animals frequent shallow waters, where the depth does not exceed 2-4 fathoms, and feed on 
the sea-grasses found in such localities. Their habits are essentially gregarious, and they are 
sometimes met with in immense herds. The method of capture adopted by the Australian blacks 
is to surround the creatures on their feeding-grounds, and drive them landwards, where they 
kill them by spears. Xetting is sometimes successful on a retreating tide ; and harpooning is also 
practised from boats, which requires great skill and caution. The wariness of the animals places an 
obstacle in the way of a development of the industry, as they suddenly desert a feeding-ground and 
appear elsewhere, where no provision has been made for boiling them down. The assistance of a 
tender carrying the necessary apparatus will probably have to be brought into requisition. 

The size of the Indian animal varies from 6 to 10 ft. ; the Australian sometimes reaches a length 
of 15 ft. The weight of an average specimen is 4-6 cwt., though they occasionally attain to 
10-12 cwt.; the yield of oil ranges between 6 and 14 gal. usually, but exceptionally amounts 
to 18 gal. It is obtained from the adipose matter of the cellular substance under the skin, which is 
boiled down for its extraction. It is free from odour, and has no unpleasant flavour ; when well 
refined, it is clear and limpid. It loses its fluidity at low temperatures. It is so palatable as to be 
readily taken by stomachs which reject cod-liver-oil ; in Australia, it is widely used as a substitute 
for the latter in medicine, though it differs from it in containing no iodine ; it is also employed 
in lieu of butter, both as an article of diet, and for cooking. Its wholesale value at Perth, 
W. Australia, is 10s. a gal. 

£gg-oil (Fk., Buile iTosufs ). — There are several methods of preparing an oil from the yolk of 
eggs. (1) The yolks of new eggs are evaporated in a silver saucepan with constant stirring until 
the oil exudes on pressing the mass between the fingers ; this is then enclosed in a bag made of 
ticking, promptly pressed between heated plates, and filtered while hot. This process is preferable 
to all others when the oil is to be applied to chaps on the skin ; the product is very sweet. (2) The 
yolks are cooked in a water-bath, with unceasing agitation to hasten the evaporation ; they are 
kept over the fire till, the oil commencing to separate, they have assumed the appearance of broth ; 
they are then left to cool ; they are next put into a flask with some ether, and after 24 hours, are 
poured into a displacer ; the mass is there left to drain, and is exhausted with fresh ether ; the 
etherized liquors are distilled ; the product is a yellow oil, mixed with viscous matter ; the mass is 
heated to separate the latter, which isolates itself, and the oil is pressed through fine linen, or 
filtered hot. The oil thus prepared is sweet, provided that well-rectified ether has been used. As 
it turns rancid very easily, it is kept in small bottles, tightly corked, stored in cellars. (3) Two 
parts of fresh yolk of egg are diluted with 5 parts of water ; the liquid is introduced into a vessel 
with a ground-glass stopper, and 1§ part sulphuric ether is added ; the vessel la occasionally well 
shaken during 7-8 hours. On standing, the ether charged with oil comes to the surface ; it is 
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decanted and distilled ; the residue retains a little ether and animal matter ; it is treated with 
concentrated boiling alcohol, and filtered ; the alcohol is distilled, and to ensure the removal of 
every trace of alcohol, ether, and water, the oil is kept in the water-bath ; it is filtered hot ; it is 
sweet, and of a yellow colour. If the ether solution of the oil does not separate well from the rest 
of the liquid, a very slight heating will effect the purpose. 

Egg-oil is semifluid at ordinary temperatures, and of a beautiful deep-yellow colour. It has an 
agreeable odour, and a very pronounced sweet flavour of yolk of egg. It commences to solidify at 
8o_10° (46J°-50° F.). It easily becomes rancid, and loses its colour by long keeping. It has been 
used for application to chapped skin, and on the pustules of small-pox. It is most largely prepared 
probably in Kussia, whence many samples were shown at the Exhibition of 1862. The beat 
qualities are considered far superior to olive-oU for cooking purposes ; the impure and very yellow 
qualities are chiefly manufactured into the celebrated Eiazan soap, used by the luxurious classes as 
a cosmetic. It is sometimes adulterated by means of a fatty oil coloured with turmeric. The fraud 
is discovered by the mass remaining solid at 8° (46J° F.), and by its giving a soap wanting in 
consistence. 

Herring-oil. — A species of herring (Clupea pontica), which is sold in Russia as “ Astrakan 
herring,” is turned to account for its oil in Russia and Japan. It is estimated that on the Volga 
about 100 million of these fish are sacrificed annually for their oil, no use being made of the flesh. 
During the 3-4 weeks that the fish are arriving in shoals, some 100,000-250,000 poods (of 36 lb.) of 
oil are made. The herrings are placed in open casks containing about 1000, and boiling water is 
poured over them. After several days, putrefactive fermentation sets in, and the oil commences to 
escape from the cells ; a day's duration of this fermentation sufflces to determine the separation of 
the oil, which floats on the surface of the mass, and is skimmed off. The Japanese extract oil from 
the herrings caught on the coast of Yesso and the north of Nipon. The principal market for it is 
Hakodadi, where the value is about 48-56s. a picul (133i lb.). 

Horse-gfrease or Mares’-grease. — Quantities of this article are shipped from S. American 
ports. It has about the same consistency as ordinary commercial American lard, and has practically 
a like value for the purposes of the soap- and candle-maker. 

Houlican- or Oolachan-oil. — An oil, which forms an indispensable necessary to the 
aboriginal inhabitants of British Columbia and Vancouver’s Island, is afforded by a little fish 
(Thaleichthys padjicus lOsmerus sp.]) closely resembling a smelt or sprat. The fish appear on the 
coast in April and May, and ascend the rivers in millions to spawn. During their run, which lasts 
about 3 weeks, countless numbers might be caught. By warming over a slow fire, or heating in 
water, they yield an abundance of oil, which, when properly filtered, is pellucid, of pale-yellow 
colour, odourless, and possesses a pleasant flavour. The natives consume it in immense quantities, 
as we do cod-liver-oil, and with great benefit in the consumptive diseases to which they are subject. 
It is just coming into general commerce, is of great importance in local trade, and might be 
procured in very large quantities. The fish are said to be so rich in oil as to bum like a candle 
when ignited. 

I,ard (Fb., Axonge, Saindoux, Graisse de Pore ; Gek., Schmalz) and Dard-oil. — The fat of the 
pig, freed. from the cellular tissue in which it is contained, is known as “lard.” The pieces 
of adipose tissue are sometimes salted a little to keep them sweet, and are stored in barrels. They 
are scored and sliced till they do not exceed about I in. in diameter, and thrown into caldrons. 
The common method of “ rendering ” the lard among very small fat-melters is by means of boiling 
with water in an open cast-iron vessel exposed to the direct heat of a fire. The use of a steam- 
jacketed pan and injected steam, as described on p. 1447, is universal in the great American centres. 
Whatever plan be pursued, the oil is liberated from the tissues, and forms a layer on the surface 
of the mass ; it is dravra off while stiU warm and liquid, and received in the vessels in which it is 
to be stored and transported. These vessels are bladders iu the case of superior qualities, and little 
wooden kegs for inferior sorts. The fat immediately surrounding the kidneys yields the best and 
purest lard. This, and that which is obtained in flaky layers between the flesh and the skin of the 

animal, is known as “ leaf” lard, and is kept separate from the rest, being much more valuable 

harder and less fusible. Second-quality lard (which in reality, is the ordinary commercial first 
quality of wholesale quotations) is used for the production of lard-oil ; the third quality, from 
trimmings which have become slightly tainted, is employed for making low-grade oil or for soap. 
The best pure lard should be moderately firm and white ; the degree of firmness entirely depends 
upon temperature and the molecular condition [unless stirred while cooling, or exposed to very 
great cold in a refrigerating-room, it is usually “seedy ” and sloppy, even at as low a temperature 
as 10° (50° F.)]; when melted, as clear and transparent as water ; completely free from taste and 
smell; liquefiable at about 100° (212° F.) without ebulUtion, or affording a particle of deposit; 
and containing never more than 2 per cent, of either water or salt (good American lard has no salt^ 
and not above O' 5 percent, of water). Its melting-point ranges from 42° '6 (108° '6 F.) to 44° -6 
(112°'2 F.), and averages 43°'6 (110°'4 P.). Its composition, according to Braconnot, is 38 per 
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cent, of stearine and margarine, and 62 per cent, of oleine ; 100 parts of it by saponification yield 
9 parts glycerine and 94 • 65 parts margarie and oleic acids. Tbe solidifying-point of the fatty acids 
of lard is about 41° (106° F.). Lard dissolves in 36 parts boiling alcohol at O’ 816 sp. gr. Accord- 
ing to Dr. Hager, the sp. gr. of lard is O’ 931-0 ’932 at 15°-16° (58°-60° F.) wlien fresh, and 
0 ’ 940-0 ’ 942 when old. 

Lard is extensively adulterated, particularly keg-lard manufactured in England, Irish being 
seldom so treated. American lard seems to be commonly selected for adulti;ration after its arrival 
in this country It is melted with a little water in false-bottomed copper pans, through which 
circulates steam. The dirt and foreign matters fall to the bottom, and the clear fat is withdrawn 
into a wooden vessel, where it is stirred in contact with cold water ; it is then ground with a thick 
paste of potato-starch, mixed with a little potash-alum and quicklime, which seem to facilitate the 
absorption of the water and starch hy the fatty matter. The qnantity of alum used is such as to 
leave a small excess, to prevent the mildew attacking the starch. It also helps to increase the 
lightness and whiteness of the pastry in which the lard is used. Other saline matters, as salt, and 
the carbonates of soda and potash, are likewise used. The addition of a little mutton tallow to lard 
is very common, especially in warm weather, to correct the softness of the article. Keally good 
lard is seldom sophisticated, as its market value is much more likely to he reduced than 
augmented thereby. The frequent adulteration of American lard is owing to its inferior quality 
and excessive softness, much of it heing the entire fat of the pig melted down ; some means of 
rendering it firm is actually necessary. 

“Lard-oil” is prepared by placing the lard in woollen bags between wickerwork and the 
plates of hydraulic presses, where it is left for about 18 hours under a pressure of about 10 cwt. a 
sq. in. in the cold. The oil or liquid portion (oleine) is thus expressed in a pure, colourless, and 
limpid state, in the proportion of 62 per cent, of the weight of lard. It remains liquid even in 
the presence of great cold. It is largely used for adulterating olive-oil in France, and sperm-oil 
in the E. States of America ; it is esteemed as a lubricant, and is said to be also used for illumi- 
nating. In Cincinnati, there are some 40 manufactories, turning out about IJ million gal. of this 
oil annually. The production of lard-oil in the United States in 1875 was 8,552,583 gal. 

The lard produced in the United Kingdom is chiefly Irish. Of European countries, Hussia, 
Hungary, and Servia hold the foremost position. Hungarian lard is supplied to the whole 
Continent; many of the pigs are so lean as to be useless for food, and some establishments in 
Budapest boil down J million yearly for the lard alone. Pig-keeping is the leading industry of 
Servia, and large supplies of lard may be expected from that country in the near future. At 
present, America is the chief producer. In the United States, the average yield of lard from 
each pig was 25 lb. in 1862, and 37^ lb. in 1874. The total exports of lard from the United States 
in 1870 were hut 35,809,000 lb. ; in 1878, they reached the enormous figure of 342,668,000 lb., 
value 30,014,000 dollars (of 4s.), but fell to 326,659,000 lb. in 1879. The exports of lard from 
New York in 1879 were 2,412,395 cwt. ; and of lard-oil, 1,236,442 gal. Philadelphia exported 
12,915,027 lb. of lard, and 268,479 gal. of lard-oil, in 1879. Baltimore exported 21,262,610 lb. in 
1878, 26,950,519 lb. in 1879, and 34,797,502 lb. in 1880. New Orleans despatched 1350 tierces in 
British ships in 1880. The Canadian exports ol lard have fallen from 38,048 cwt., value 94,509f., 
in 1876, to 4509 cwt., 7801/. in 1879. Denmark, in 1878, exported 160,066 lb. of lard and grease 
to Great Britain. 

Malabar oil. — The ambiguous term “Malabar” oil is applied to a mixture of the oils 
obtained from the livers of several kinds of fish frequenting the Malabar coast of India, and the 
neighbourhood of Kurrachee. The species chiefly caught are Bhyncohatui pectinata, if. Icevis, 
Galiocerda tigrina, and Carcharias melanopterus. This last is found in considerable numbers, and is 
taken principally in October-November, the livers being then much more developed, tbou<>-h the 
quality of the oil is about the same at all seasons. The most esteemed livers are firm and rosy- 
coloured, the white and flabby ones are inferior. The livers are cleansed, cut up, placed in earthen 
vessels with enough water to cover them, heated for 15-20 minutes, and then allowed to cool. The 
oil is skimmed from the surface, poured into earthenware jars, then passed through a sieve; 
3-4 days later, it is filtered through a thick strainer, to separate the abundantly deposited stearine, 
and this operation is repeated 4 times, at intervals of 20-25 days, after which, the oil remains clear, 
exhibiting a fine straw colour, and smelling much like cod-liver-oil. Thus prepared, it is employed 
medicinally. The inferior oil is compounded with that obtained from the livers of the other kinds 
by heating, without previous washing or picking, and without any subsequent purification ; the 
whole is used for lighting, and other domestic purposes, and might he utilized for soap-making. 

Manatee-oil (Fr., Suite de iamantin).— There are several species of Manatus, found in the 
rivers of Central and S. Africa, and in the estuaries, bays, and inlets of the W. Indies, and the 
coasts of Mexico, Brazil, and Guiana. Beneath the skin of these animals, is a layer of fat, gene- 
rally about 1 in. thick, and which is boiled down to afford an oil used for lighting and cooking, each 
animal yielding 5-25 gal., according to its size and condition. By exposing the oil to the sun, it 
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acquires a fine odour and flavour, and does not become rancid. The fat of the tail has a harder 
consistence, and, when boUed, is more delicate than the other. 

SEenhadeii-oil, Straits or Bailk Oil. — A fish eagerly sought for its oil on the Atlantic coast 
of America is the “ menhaden ” or “ porgie ” (Aiosa [Brevoordia] Menhaden), a member of the 
herring family, about 8-14 in. long. The fishery is carried on all along the coast from Maine to 
Maryland. The fish leave the Gulf Stream and strike the coast of New Jersey in April, reaching 
the coast of Maine in May-June, and remaining till October-November. They migrate in enormous 
schools, and are caught in seines, carried by the fostest and smartest yachts. Very few of the fish 
are sent to table ; nearly all are boiled down for their oil. This is performed in the following 
manner. The fish are shot into receiving-tanks situated outside the building ; thence a sliding 
door opens into the boiling-tanks, which are long, watertight, uncovered boxes, of varying 
capacity, provided with a coil of perforated pipe for the admission of steam, and a plug-hole for the 
exit of the liquid after boiling. Some water is put into the tanks ready for the fish, and as soon as 
the latter have been introduced, steam is turned on, and the whole mass is boiled for 20-40 minutes. 
When the cooking is completed, the liquor, containing a portion of the oil of the fish, is drawn off 
into settling-tanks, for the recovery of the oil. The “ pomace ” or cooked fish is raked into 
“ curbs,” perforated cylinders fitted with hinged bottoms, and these, when full, are placed under 
hydraulic presses. Pressure is applied so long as water and oil continue to escape from the mass. 
The remaining solid matters, called “scrap,” are treated for the preparation of a fertilizing 
compost (see Manures, p. 1257). The oil and water pass by gutters into settling-tanks, where the 
oil soon rises to the surface, and is skimmed off", or allowed to escape over a separating partition. 

The oil is still crude, and requires clarifying and bleaching before it becomes a saleable 
commodity. This is effected in several ways. It is first boiled, to free it completely from water. 
It is purified from solid matters by running it into filter-bags suspended over casks, and then 
subjecting it to pressure in bags, the oil escaping while the sediment remains in the bags. This 
refuse, termed foots,” is bleached, and used for soap-making. The oil thus refined is termed 
“straits,” and is ready for barrelling. “Bank” oil is an inferior grade. Bleaching is sometimes 
performed by exposure to the sun in shallow tanks, having glass covers to exclude dust when a 
superior quality is desired. The yield of oil is at its maximum in September, when a barrel (250) 
of fish gives about 4J gal. of oil. The average product of 1000 fish is 13-14 gal. of oil. The total 
catch in 1878, an average year, gave 80,000 barrels of oil, 23,815 of which (644,762 gal.) were 
exported under the denomination of “ fish-oil,” and 45,000 were locally consumed. The exports in 
1879 were 613,663 gal. Its principal application in America is for tanning and currying purposes. 
In France, it is largely employed as a substitute for cod-liver-oU, costing at Havre only about 
45 fr. a 100 kilo., while the latter fetches 50-53 fr. In this country, it is said to be often passed off 
as olive-oil, and that considerable quantities of it are mixed with linseed-oil for painters’ use. 
The rapidity with which it oxidizes, and its good body, render it not unsuitable as a vehicle for 
paint ; the same causes make it inadmissible for lubricating. 

Neats’-foot-oil (Fu., HuUe de pieds de bemf). — From “ ox-feet,” the feet and hocks of neat 
cattle cut off about 18 in. above the hoof, is obtained a valuable oil, known as “ neats’-foot.” Its 
preparation, which is usually performed by tripe-dressers, is as follows. The “ feet ’’ as received 
arp denuded of skin, and slit up longitudinally, by a knife passed between the sections of the hoof 
and continued between the long bones. Near the hoof, is a small mass of soft fat, which is scooped 
out with the knife, and set aside for the preparation of the best quality of oil. The hoofs are washed 
in cold water, and thpn boiled in open pans set in brickwork, and heated by a fire beneath. A 
certain quantity of oU is thus boiled out of them, and when skimmed off, forms an inferior grade of 
neats’-foot-oil. After about 3 hours’ boiling, the tissues between the homy hoof and the last digit 
bone are sufficiently softened to allow of the latter being easily scooped out of the hoof with a knife. 
These “ cores,” consisting of bone, gelatinous matter, and fat, together with the small pieces of fat 
previously alluded to as being removed by the knife before boiling, are put into a separate pan of 
fresh water, and all boiled together for the extraction of the oil. This forms the best kind of 
neats’-foot-oil. It is reckoned that 10 “ feet ” will give about 1 qt. of oil. It is made in most large 
towns, and some quantities are shipped from the River Plate and the Falkland Islands. Phila- 
delphia exported 1125 gal. in 1879. 

This oil is usually yellowish or greenish in colour, but that from Buenos Ayres is often colour- 
less. It is odourless when fresh, and of agreeable flavour. It is limpid, and remains so below a 
temperature of 0° (32° F.). Its density at 15° (59° F.) is 0-916, On standing for a short time, a 
proportion of solid fat separates out, and may be filtered off. Its limpidity, which is intensified in 
the oil obtained from Buenos Ayres, causes it to be largely employed for lubricating, especially 
clocks and bearings exposed to the cold. It is very rarely found pure. 

Niin-oil.— An insect belonging to the genus Coccus, and which has been named C. adipofera, 
affords an oil having considerable economic nee in Central America. It feeds on the resinous sap' 
of a species of Spondias, whose local cultivation is so easy that even thick cuttings germinate quickly 
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in almost any soil. The breeding of the insect is dependent simply upon the multiplication of this 
tree, which is already under extensive cultivation all over the tropics of continental and insular 
America. The female insects, which yield the oil, adhere to the trees by means of their beaks, 
existing in such large numbers that they frequently cover every portion of the plant. The oil is 
extracted from the insects by broiling or boiling them, and amounts to 26-28 per cent, of their 
weight. It is bright-yellow to yellowish-brown in colour, and possesses a peculiar odour. When 
recently melted, it is homogeneous, but soon becomes granular and lighter-coloured. Its melting- 
point is about 49° (120° F.) ; when melted, it remains fluid at even 27°-29° (80°-85° F.). Cooled 
to —12° (10° F.), it becomes hard and brittle, like suet. At ordinary temperatures, it is thick and 
pasty, like lard, and its sp. gr. is about 0 • 92. It is insoluble in alcohol, but freely soluble in hot 
and cold ether, forming a yellow oily liquid ; it is very soluble in turpentine, producing an oily 
liquid of special value for mixing delicate oil-colours ; it is also freely soluble in benzine and 
chloroform. It is a thorough drying oil, though its absorption of oxygen is slow, and is not 
hastened by boiling with oxide of lead. Its composition resembles that of ordinary animal fats. 
Its saponification is unusually difiScult, and only effected after prolonged boiling with strong soda- 
lye. When melted in a porcelain dish, and the resulting oil is exposed to a temperatere of 121°- 
177° (250°-350° F.) for an hour, or till a considerable part has evaporated, the residue assumes a 
tough, flexible, vamish-like condition, is no longer soluble in turpentine, and but little affected by 
heat and cold. This, ignited with turpentine, affords a thick, yellow gum or oleo-resin closely 
resembling a thick solution of indiarubber, possessing remarkable adhesiveness, and retaining the 
semi-fluid consistency for several days. When the turpentine solntlon of the oil is exposed in thin 
strata to the air for some days, it acquires the properties of a resinous varnish, almost equal to fine 
shellac varnish, very elastic and hard. 

The present native uses of this remarkable oil, which has yet to find its way into general 
commerce, are almost confined to its admixture with the pigments employed by the Indians and 
Mestizos of the peninsula of Yucatan, and in the vicinity of Vera Cruz, for adorning small house- 
hold articles ; it is also kept as a drug by the apothecaries of Yucatan, and is generally employed 
as a drying oil. In the industrial arts, its drying solution in turpentine will make it valuable to 
artists; it remarkably brightens colours prepared with it. Of greater commercial importance, 
perhaps, is the resinous varnish which it affords when treated as described above. The turpentine 
solution of niin-oil renders even the most porous filter-paper absolutely impervious to water. 
Articles to be waterproofed with it might be saturated in the solution, and then heated in an oven 
till the grease volatilizes. The coating then defies most solvents of oils. 

Porpoise-oil (Fa., HuUe de Belouga, de Marsouin ). — The term “ porpoise-oil ” embraces the oils 
obtained from the black porpoise {Delphinus phoewna [Fhoccena communisj), the white whale (^Beluga 
catodon [PAocosna leuca, DelpMnapterus leucas]), the grampus (^Phocana orca), and the black-fish, which 
last name is very variously bestowed (see Blaokfisb-oil, p. 1361). 

The first is very abundant iu the Atlantic, and is found in considerable numbers in the Medi- 
terranean and Black Sea. Its systematic pursuit is carried on by the natives of Lazistan, who 
generally take it in nets, but occasionally shoot it. This fishery has its centre at Trebizond, and 
commonly affords 700,000 lb. of oil in a yetir. A portion is used locally for illuminating purposes, 
and the remainder finds a ready sale. The quantities exported by steamer from Trebizonde in 1878 
were: — 1400 cwt., 1750/., to Constantinople ; 524 cwt., 655/., to Austria and Germany; 514 owt., 
642/., to Bussia ; total, 2438 cwt, 3047/. Large schools of porpoises are met with on the Danish 
coasts, and frequently 1500-2000 are caught in the Little Belt. 

This creature and the white whale are taken together in great numbers in the St. Lawrence, 
Canada, and occasionally in the Bay of Chaleur, parts of New Brunswick, and the Hudson Bay 
territories. They are surrounded by enclosures made of light flexible poles driven into the beach, 
within which they are speared and harpooned from boats. In the bays of the Polar Sea, on the 
coast of Kanin, near Mesen, in the White Sea, and at the mouths of the Petschora, they are killed 
most numerously by harpoons in June-July, whole fleets of boats being engaged. The full-grown 
animal attains a weight of 2500-3500 lb., and gives some 400-450 lb. of oil, which is more esteemed 
than that of either the seal or the walrus. The oil is inodorous, and gives a brilliant light ; it 
congeals only iu intense cold, and its softness renders it valuable for lubricating and leather- 
dressing. 

The oil from the head of the grampus is thought to be a superior lubricator to any yet obtained 
from the porpoise and the black-fish. This cetacean occurs much more rarely than eitlier of the 
animals just described. 

Saxdine- and Louar-oils (Fb., Huih de Sardine, de Lmar'). — Several species of sardine afford 
an abundance of oil. The ordinary sardine {Clvpea Sardinus) of the Mediterranean is too important 
as a food-fish to be generally sacrificed for its oil, yet a large quantity of the latter is m^e from 
damaged and -refuse fish. More important as oil-producers are the louar (C. Neohowii), C. lemuru, and 
C. palasah, of the Indian and Malayan Seas. They are migratory, reaching the shores in immense 
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shoals in August- September, and becoming sufficiently fat in October-November. They are taken 
in nets, and treated with boiling water to separate the oil, the exports of which, from Cochin, 
sometimes amount to 150,000 cwt. in a year. 

Seal-oil (Fr., Huik de Phoque-, G^&., Seehundsol). — The principal species of seal are Phooa 
fcetida, P. vitulina, P. harbata, P. annelata, P. groenlandica, and Cystophora cristata. Phoca caspica is 
found only in the Caspian Sea, where it is hunted for the sake of its oil, which is consumed in 
Eussia. All the other species are widely distributed throughout the north polar regions of both 
hemispheres, and their chase, for the value of their oil and skin, forms the most important branch 
of the so-called “ Arctic fishery,” extending from Iceland eastwards to Scandinavia, along the 
northern coast of Eussia, especially about the mouths of the Dvina and Mesen, and the eastern 
shores of the White Sea, across to Alaska, throughout the bays and inlets of arctic America, and 
on the coasts of Greenland and Spitsbergen. 

Newfoundland may be considered the centre of the seal districts, and stands foremost on the list 
in point of production. The species chiefly resorting to this coast are the two largest — the hooded 
seal {Cystophora [Stemnatopus'] cristata\ and the harp seal {Phoca groenlandica). Their whelps are 
bom in January-February on the Labrador ice-fields, and this “ whelping ice ” is floated south- 
wards, and appears off the Newfoundland coast after the middle of March. The young seals, not 
taking to the water till they are three months old, are easily caught ; their skins are stripped off 
with the blubber attached, and the carcases are left on the ice. The produce is sorted into five 
qualities: — “young harp,” “ old harp,” “young hood,” “bedlamer” (1-year-old hood), and “old 
hood ” ; the most rich in oil is “ young harp.” 

The average take of successful vessels is abont 2000 seals, though it sometimes reaches 8000, 
and, in extraordinary seasons, individual ships have secured 10,000-20,000. Out of 400 vessels 


yearly engaged in sealing, not more than 60 make remunerative voyages. It is thus a speculation 
rather than a steady industry. So soon as the vessels have disembarked their first cargo, they start 
on a second hunt. This time they rarely take many young seals, as these have escaped to the water 
by about the Ist April ; but they pursue the old ones, sometimes shooting them on the ice “ pans,” 
sometimes finding a herd out off from the sea, and knocking tliem on bead with clubs. The exports 
of seal-oil from Newfoundland have risen from 1605 tuns, value 76,2471., in 1864, to 5905 tuns, value 
147,625/., in 1878 ; in 1871, they reached 6943 tuns, value 202,504/. 

On the Greenland coasts, and especially between latitudes 60° and 61° N., P. fcetida, P. vitulina 
P. groenlandica, P. barbata, and Cystophora eristata, are abundant, more particularly the last-named! 
The catch amounts to some 89,000 annually. The total production of blubber, including that from 
white whales. &o., is estimated at 2050 tuns yearly, of which 500 are used by the natives for 
lighting, and 100 for food. Harpoons, lances, guns, and nets are employed in the chase. 

The 15 Norwegian vessels engaged in sealing in 1879 procured 30,000 crested seals or “ hoods” 
{Cystophora cristata), and 55,000 of other kinds, old and young. The yield of oil was reckoned at 
upwards of 17,000 barrels. The price was as low as 36-A8 kroner (of Is. 1 Jd.) a barrel, whereas a 
few years since it was 70 kr. in the German markets. The exports of seal-blubber from Sweden and 
Norway in 1879 were 16,938 hectol. (of 22 gal.). It is hardly possible yet to judge of the effects of 
the lately made law for the protection of the seals in the Arctic Seas during the season after they 
have cast their young ; but there is good reason to expect that it will somewhat postpone their 
externaination, which at one time appeared immediately imminent. 


Of the extent of the Eussian seal-harvest in the White Sea and thereabouts, no accurate 
statistics are procurable, but the catch is approximately said to be only half that of the Caspian. 
In the latter, about 140,000-160,000 poods (of 36 lb.) are obtained every year. 

The average quantity of oil afforded by 1000 seals is roughly estimated at 10 tuns. In the 
Eussian fisheries, Cystophora cristata is reckoned to yield 360 lb. of blubber ; Phoca groenlandica 160- 
240 lb. ; P. annelata, 120 lb. In Newfoundland, P. groenlandica, old, gives an averai^e of 288 lb of 
blubber, producing 22 J gal. of oil ; same species, young, 225 lb. of blubber, 22 gal. of oil ; Cystophora 
cristata, young, 230 lb. of blubber, 21 gal. of oil ; same species, bedlamer, 246 lb. of blubber 21i gal 
of oil. The skins and blubbers brouglit in by the hunters are stripped apart, and undergo’separate 
treatment. The latter are generally put into wooden cribs, with pans beneath to catch the exuding 
oU, no artificial heat being employed. The oil which runs out during the first 2-3 months is caOed 
“ pale seal,” and forms 50-70 percent, of the whole. As putrefaction sets in, the oil becomes darker 
and more offensively odorous. The solid refuse and the clippings of the skins are boiled to 
yield further quantities of “boiled seal-oil.” This old process, though still widely surviving is 
superseded in the best factories by steaming the blubber, by which all the oil, of a uniform and 
much better quality, is extracted in 12 hours. (For Fur-seal-oil, see p. 1375) ' 

Shark-oil (Fb., Huile de Ee?«m).-The seas of N. latitudes are inhabited by four species of 
shark— the “ Greenland shark” {Scymnns borealis [Squalns glacmlis-]), the “basking shark ”7se/ h 
maximus), the “ picked dog-fish” {Sqmlus acanthias), and the hulp or hoastorsk {SqZhis spinaxniafr^ ■ 
the livers of these fish afford valuable oil. ^ y 7 1 
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The first-named numerously frequents the hanks which may be traced in a line for nearly the 
whole length of the W. coast of Norway, at distances varying from 50 to 100 miles from the land ; 
in greater abundance, however, on that portion which fidnges the coast of Nordland and Finmark, 
as far as the North Cape, and between the latter and Cherry or Bear Island. Tiiey are met with, 
moreover, throughout the whole North Sea and Arctic Ocean, ns well as in most of the fjords on the 
W. coast of Norway, at 100-200 fathoms, and their pursuit forms an important and remunerative 
branch of the Icelandic fisheries during a portion of the year. Formerly the Norwegian shark- 
fishery was confined to the immediate vicinity of the coast ; but of late it has been more especially 
and lucratively prosecuted on the banks commencing at about 68° N. lat. Shark-fishing is now 
carried on vigorously by the Eussians in the bays about the peninsula of Kola, Lapland. Tlie fish 
are taken by means of large, strong hooks, baited with fish or about 1 lb. of seal-blubber, taken from 
seals caught at Spitzbergen and then salted while fresh. In Iceland, horse-fiesh is preferred before 
all other bait. Porpoise-blubber sometimes replaces seal. The fishery begins about the end of 
September, and continues through the winter till the end of February. From N. Iceland, it recom- 
mences as soon as the drift-ice will permit, say March-April. The length of the fish varies from 
10 to 18 ft. The value depends almost solely upon the size, quantity, and quality of the liver, 
which yields 15-60 gal. of fine oil. In summer, the livers are almost valueless. The fiesh and skin 
are usually thrown away, though possessing considerable value. 

The “ basking shark ” is found all along the Norwegian coast, from E3rvarden (59° 31' N. lat.) to 
Finmark. Its pursuit was long followed with such activity and success as to afford the staple 
support of those engaged in it, but of late years decreasing numbers have much reduced its 
importance. Its chase resembles that of the whale rather than of other kinds of shark, as it cannot 
be baited nor enticed. Towards the conclusiou of the dog-days, when the sea and the air are at 
their highest temperature, this fish makes its appearance on the coast ; it lies perfectly still near 
the surface of the water, apparently basking in the sun, and follows leisurely after the boats which 
are in quest of it. It is thus struck by harpoons, such as are used for taking sturgeon. In size and 
condition it varies much ; the prevailing length is 30-35 ft., increasing occasionally to 40 ft. The 
size of the liver depends mostly on the condition of the fish ; the usual quantity of liver taken from 
a fish is 4-7 barrels, occasionally 10-16, and in very rare instances 24 ; 6 barrels of good liver should 
yield 5 barrels (of 30 gal.) of oil. The same fish is found in Indian waters, and is there called 
mhor. It is harpooned in great numbers by the Kurracliee fishermen, one estimate stating the 
annual catch at 40,000. The size here varies from 40 to 60 ft. in length, and the usual yield from one 
liver is 8 barrels of oil, of very low sp. gr. 

'fhe picked dog-fish, which was formerly very abundant along the whole coast from Gothenburg, 
is now pursued during the entire summer, from the Naze to the North Cape, in the Norwegian 
Qords as well as along the coast. About midsummer it swims near the surface, and is taken either 
by nets or lines. The liver is exceedingly rich in very fine oil. 

The kulp or hoastorsk is met with in all the deep fjords along the Norwegian coast, where it does 
much mischief by nibbling off the baits from the deep-sea cod-lines. It is taken in numbers at a 
time, by lines with 10-12 hooks baited with tainted fish, in 60-100 fathom water. It travels in 
shoals, and feeds at night. Its liver is unusually rich, and yields a superior oil. 

Sharks are caught in great numbers on the shores of New Zealand, during November-January, 
by the natives, who use them for food. A premium for the capture of sharks offered by the Victorian 
Government has promoted this branch of fishing among the sailors of Hobson’s Bay, and very large 
numbers are now taken. They are also very common in Sydney Harbour, New South Wales. 

Shark-oil is largely used in tanneries. It is also extensively passed off surreptitiously as eod- 
liver-oil and is probably but little less efiicacious ; the oil and liver are both esteemed as food 
by the Icelanders. 

Sod-oil. — The term “ sod ’’-oil is applied to the oU which has been fulled into skins during 
the operation of tanning, and has been subsequently washed out with soda. English sod-oU comes 
chiefly from deer- and sheep-skins, and is largely adulterated with gelatine from green sheep- 
skins. The purest and best sod-oil is from France, where olive-oil is employed in the tanning ; 
the next is English, where cod-oil has been used ; then comes American, where the currying has 
been done with “ fish-oil ” (raenhaden-oil). This last now fetches the highest price. Sod-oils are 
much esteemed for lubricating deUcate watches, &c. 

Spermaceti or Head-matter (Fb., Spermaceti, Blanc de Baleine ; Geb,, Spermaceti, WalratK). 
— “ Spermaceti ” is chiefly the solid wax-like portion of the sperm-oil, or so-called “ head-matter,” 
found in the head of the “ sperm-whale ” or cachalot QPhyseter macrocephalus), an inhabitant of the 
Pacific and Indian Oceans. On the right side of the nose, and upper portion of head of this species, 
is a triangular-shaped cavity, termed the “ case,” enveloped by an enormous mass of sinewy gristle 
called “white horse,” which resists even a sharp axe. The case is filled with liquid “head- 
matter,” consisting of spermaceti and oil ; the whalers make an opening into the case, and remove 
the contents by a bucket, as many as 45 barrels being occasionally filled. This matter is carefully 
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boiled alone, and placed in . separate casks, and is commonly known as head-matter. It is of a 
yellow colour, and its consistence varies with the temperature. It undergoes a purification for the 
purpose of candle-manufacture, in which it is employed (see Candles, p. 589). The refined article is 
transparent, smooth, brittle, insipid, inodorous, and very difiScnltly saponifiable ; its sp. gr. is 0-943 
at 15° (59° F.); it is fusible at 45° (113° F.); it is insoluble in water; 100 parts of alcohol of 
0-821 sp. gr. dissolve 3J parts of spermaceti, but deposit about ^ on cooling ; it is also soluble in 
both fatty and volatile oils. It is said to be adulterated commonly with fatty matters, such as 
tallow, margaric acid, &o. Such falsifications are easily discovered by the saponification of the 
mass, and by the reduction of the fusing-point. , „ ^ ■ 

Similar products are obtained in lesser quantities from the head-cavity of P. Tursio and 
Delphimts edentulus, from the bladder of Balama rostrata, and from the oil of Delphirms glMceps. 

The Tasmanian whale-fishery produced 558 tuns of sperm-oil in 1873, and 342 in 1874. The 
exports in 1876 were 513 tuna, value 45,248/.; and in 1878, 279 tuns, value 17,577/. The pro- 
duction in 1869 was 643 tuns. The exports of sperm-oil from New York in 1878 were — 
911,975 gal. to Great Britain, 49 gal. to N. Europe, and 579 gal.'iio S. America, E. and W. Indies, 
&c.,’ total 912,603 gal. ; in 1879, they were 1,089,137 gal. The production of spermaceti in the 
American whale-fisheries was 1,300,959 gal. in 1878, and 1,285,454 gal. in 1879. 

Tallow (Fb. Smf\ Geb., Talg). — The cellular tissues of man and quadrupeds contain a 
concrete fat, the whole mass of tissue and fat being known as “ suet.” The term “ tallow ” is 
applied to this fat when it has been liberated from the tissue. Commercially, tallow is obtained 
almost solely from the ruminant animals, sheep and neat cattle, and is produced chiefly in the 
essentially pastoral portions of the globe. In many cases, the animals are (or were) reared more 
for the sake of their tallow than their flesh, and, in Australia, millions of them have been boiled 
down as they were kUled, the boUed flesh being used for pig-feeding or manure. Kecent improve- 
ments in transporting meat will doubtless prevent the recurrence of such a wasteful process, 
though the tallow may retain its importance as a commercial product, and will be prepared at the 
places where the animals are killed for transportation in cold chambers. 

The “rendering” of tallow, or its separation from the cellular tissues in which it is confined, is 
performed on the large scale exactly the same as lard-rendering, described at length under the 
action on improved methods of extraction (see p. 1447). Occasionally mechanical power is 
employed to facilitate the operation, the suet being first passed through a specially constructed 
chopping-machine. The rendering is also greatly assisted by the addition of dUute sulphuric acid 
to the mass, say 1 per cent, of the acid and 20 per cent, of water on the quantity of tallow present ; 
but there is a great, and to some extent well-founded, commercial prejudice against tallow in 
which any chemicals have been used during its preparation. Tlie melted tallow is strained 
to free it from membrane. The nature and qualities of tallow vary greatly. The constituents are 
stearine, oleine, and possibly margarine ; stearine predominates, but its proportion fluctuates with 
the species, age, and sex of the animal, and the portion of its body which afibrded the suet. 
Beef-tallow uwally contains less stearine than does either mutton- or venison-, and mutton-tallow 
is always whiter than beef-tallow, but S. American beef-tallow presents the curious exception of 
containing more stearine than S. American mutton-tallow. The hardness and melting-point have 
an equal influence upon the value of the tallow, and exhibit the same want of constancy under 
similar changes of condition. The degree of solidity much depends upon the food, increasing as 
the latter is drier. Pure tallow is white and almost tasteless, but that imported has a yellow tint. 
It is classed according to its suitability for candle- or soap-making, for which purposes it requires to 
be refined (see Candles, p. 579). 

The term “ beef ’’-tallow includes that of oxen, cows, and bulls ; the former is much softer than 
the two latter. After melting, it commences to solidify at 37° (98J° F.), and its temperature then 
rises to 39° (102° F.); it dissolves 'in 40 parts alcohol of 0-82 sp. gr. Veal-tallow melts easily in 
the fingers, is very soft, and quickly becomes stale. “ Mutton ’’-tallow comprises that of rams, 
ewes, bucks, and she-goats. On remaining some time exposed to the air, it acquires a peculiar 
odour. After melting, it commences to solidify sometimes at 37° (98 J° F.), when its temperature 
rises to 39° (102° F.) ; at other times, it solidifies at 40° (104° F.), and its temperature rises to 41° 
(106° F.). It dissolves in 44 parts boiling alcohol of 0-82 sp. gr. Dr. Hager thus states the 
sp. gr. of tallows at 15°-16° (58°-60° F.):— Beef, 0-925-0-929; mutton, 0-937-0-940; beef and 
mutton mixed in equal proportions, 0-936-0-938. “ Town tallow,” “ kitchen stufi;”or“ pot-grease,” 
is the waste fat produced in culinary operations, and is consumed by soap-makers. Tallow is largely 
adulterated with starch, china-clay, ground limestone, and sulpliate of barium ; also with fats having 
a lower degree of hardness, especially “bone-fat” (seep. 1361). Mineral adulterants are easily 
discovered by simple solution of the mass ; starch is detected by the iodine teat ; and inferior fats 
lower the appearance and consistence of the sample, and thus indicate their own presence. 

In commerce, tallow occupies a very important place. Russia exports immense quantities, 
chiefly from the ports of Cronstadt, Odessa, and Taganrog. A dozen years ago, Eussia’s annual 
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prodnction was leckoned at 160,000 tons, half of which was consumed locally. The home con- 
sumption has since much increased. Thus the exports were 3,249,802 poods (of 36 lb.) in 1866; 
they gradually fell to 411,585 poods in 1875, recovered to 1,110,729 ponds in 1877, and dropped back 
to 619,301 poods in 1878. Eussian tallow is nearly all^beef, and comes chiefly firom Siberia and 
the Ukraine. It is transported in casks of 300-400 kite. The commercial quotation of “P.Y.O. 
tallow” is a fiction, and does not regulate the market-price of tallow ; it is a mere speculative 
medium, thousands of casks being bought and sold that have no existence whatever. Eussian 
taUow has lost much of its hold on the market, and now forma but a smalt item in the total 
consumption in this country, notably in the case of the soap- and stearine-makers, for wliose purposes 
it is less suited than for “ dips.” The States of S. America afford very large quantities of taUow from 
the carcases of animals slaughtered principally for the sake of this product and their skins, bones, 
and boms. It is generally known as “ Eiver Plate ” tallow, and is mostly shipped from the Eio 
de la Plata. It has a strong-yellow colour, but is of good quality ; it first arrived in serons of 
hide, but now comes in old wine-casks — pipes and half-pipes. The United States ship con- 
siderable quantities of tallow to Europe, chiefly from New York and New Orleans, in barrels of 
various sizes. The total exports were 85,506,000 lb. in 1878, and 99,964,000 lb. in 1879 ; in 1869, 
they were only 20,535,000 lb. ; in 1874, 101,756,000 lb. The shipments from New York were 
70,807,600 lb. in 1878, and 67,016,100 lb. in 1879. Of the shipments in 1878, 31,775,300 lb. went 
to Great Britain, 18,474,500 lb. to F ranee, 16,687,100 lb. to N. Europe, 2,288,000 lb. to other Europe, 
and 1,582,700 lb. to S. America, E. and W. Indies, Ac. Philadelphia exported 9,201,599 lb in 
1879. Excellent tallow is obtained from Algeria and Morocco, and chiefly consumed in the soap- 
works of Marseilles. The Chinese port of Kiungebow shipped 924 piculs (of 133^ Ih.), value 18501., 
in 1877 ; 1906 piculs, 40071., in 1878 ; and 2688 piculs, 62251., in 1879. The exports and re-exports 
from Hankow in 1878 were 2776 piculs ; the exports thence in 1879 were 564| piculs, value 11141. 
Pakhoi, in 1879, exported 3241. worth. Shanghae, in 1879, imported 301i piculs of foreign tallow 
from foreign countries, and 1423 J from Hong Kong and Chinese ports, none being re-exported ; and 
of native tallow, the imports from Chinese ports were 815^ piculs, and from Hong Kong 433f , all 
being re-exported to Chinese porta. Newchwang exported 415 piculs in 1877, but none is recorded 
since. The annual exports (chiefly re-exports) of tallow from Holland amount to 4^-7^ million 
kilo. ; in 1879, they were 6,829,000 kilo. The Belgian exports (chiefly re-exports) fluctuate between 
17 and 26 million kilo, yearly, and were 25,871,000 kilo, in 1879. The shipments of tallow from 
New South Wales have fallen from 190,575 cwt., value 311,339i., in 1871, to 61,326 cwt,, 98,018i., in 
1878 ; they were 100,390 cwt., 164,561/., in 1877. In the case of Yictoria, they have fallen from 
13,582 tons, 469,069/., in 1871, to 3298 tons, 103,879/., in 1878. From New Zealand, they have 
increased from 828 cwt., 1661/., in 1867, to 100,380 cwt., 178,502/., in 1878. From Queensland, 
they fell from 124,180 cwt., 139,181/., in 1871, to 19,194 cwt., 50,899/., in 1873, and were 43,164 cwt., 
73,006/., in 1877. The exports of tallow from Honolulu in 1879 were 239,941 lb., to Germany. 
The value of the tallow shipped from the Falkland Islands to Great Britain was 4874/. in 1878, 
and 5940/. in 1879. The exports of tallow from India fell from 3540 cwt. in 1878, to 870 in 1879. 
The E. Indian tallow is very strong in stearine, but of bad colour. A similar tallow comes from 
Turkey; Japan also sends a good quality. The tallow production of the United Kingdom has been 
estimated at 100,000-120,000 tons yearly. 

Tunny-oil (Fb., Iluile de Than; Gek., Tanfischol). — The tunny (^Thynnus rulgaris') is second in 
importance only to the sardine among the fish caught in the Mediterranean. During May and 
June, endless shoals of these fish migrate from the Mediterranean, through the Straits of 
Gibraltar, to the Atlantic, returning in July-August. Those caught during the exodus are much 
fatter and more valuable than those taken on the homeward passage. The coasts frequented by 
this fish are chiefly within the Mediterranean, extending without interruption along the Spanish 
and French coasts from the Straits to Nice, reappearing on the Italian coast between Camogli and 
Spezia, off the W. side of Elba and Sardinia, near Palermo and the Straits of Messina, around 
Malta and the Karkaneh Islands, and in the Gulf of Tunis. Outside the Mediterranean, the fish 
visits the European coast, from the Straits westward to Cape St. Vincent, and occurs less 
abundantly along the French coast from Yen northwards to Belle Isle. The tunny fishery in the 
Bay of Biscay is most important at Eochelle, He de Ee, and Sables d’Olonne, commencing in July, 
and lasting till mid-September. The Portuguese fishery is confined to the province of Algarve, 
the tnnny not being found farther west than Sagres ; the fish is chiefly taken in the space between 
the mouth of the Guadiana and Cape Santa Marta from the end of May till the beginning of 
August, and from the latter point to Albnfeira from AprE till June. The Spanish tnnny fishery 
is concentrated at the mouth of the Guadiana, around Cristina Island, and at Veger, Conil, 
Chiclana, Eota, Mojarra, and Portil. The catch begins in May, and ends in the last days of 
August. The Italian tunny-harvest lasts from April till the end of July, and is distributed chiefly 
thus : — Gulf of Palermo : S. Flia, Solanto, S. Nicola, Trabia ; Sea of MUazzo : Oliver!, S. Giorgio, 
Vaccaro Pepe; W. Coast: Capo Passero; Sardinia: Portoscuso, Portopaglia, Isola piana. 
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Calavinagra, Flnmentorgiu, Alghero, Trabucato, Asiiiara; Elba: Porto ferrajo, Anfola, Marciana ; 
on the mainland : Birvona and Pizzo, Porto S. Stefano, Camogli, and S. Margberita. It is 
estimated that in the Gulf of Tunis, some 10,000 tuns are taken yearly. 

The fish yields a very large quantity of oU, which is extracted from it by boiling, the operation 
being performed at the fishing-stations, in the crudest possible manner, and often with sea-water. 
Generally only the heads, bones, and entrails of the fish are used, in varying stages of decomposi- 
tion, and it is rare that any trouble is taken to prevent the oil being burnt and smoky. Good 
tunny oil is of a pale amber colour, and has an agreeable flavour; it possesses more body than any 
other fish oU, but contains no iodine. By boiUng, it assumes a rich broom-yellow hue ; and when 
left at rest in shaUow open vessels, it undergoes a pecuUar condensation (doubtless an oxidation), 
commencing about the end of August or beginning of September, and gradually extending till the 
whole mass becomes solid, and remains so unless heated. It is very commonly adulterated with 
Bergen and Hamburg inferior cod-oU, with sardine-oil, and with cotton-seed-oil ; the presence of 
each and all of these is manifested by their remaining liquid while the tunny-oil solidities. It is 
highly esteemed for leather-dressing, even in its impure and sophisticated state, and is said to be 
employed as a lubricator, though that must be regarded with doubt. It is put up in casks, 
and forms an article of trade in Genoa, Sardinia, Spain, and Tunis. The last-named country 
produces some 30,000-35,000 kilo, of the oil annually, and the value of its export in 1871 was 
1600/. That prepared at Genoa is said to be superior to all others. The industry deserves much 
greater attention, and is capable of indefinite extension and improvement. 

Walrus-oil (Fb., Suile de Morse-, Geb., Walrossol. — The walrus or sea-horse (^Trichecus 
Rosmarus [.Bosmaras oiesus] ) is pursued by the Arctic whalers. Some 50,000 are killed every year, 
but it is reckoned that 3 out of 4 struck are lost through the inefiiciency of the projectiles used. 
On the coast of Danish Greenland, the walrus is met with between 66° and 68° N. lat., but the 
number killed yearly does not exceed 200. From 20 to 30 gal. of much-esteemed oil are obtained 
from each animal. 

Whale-oil, Train-oil, and Blubber (Fb., Huile de Baleine, de Kordcaper, de Rorqual, de 
Jubarte ; Geb., Walfisckspech, Thran). — The competition of mineral oils for illuminating, and animal 
and vegetable oils for industrial purposes, and the substitution of various articles for the once 
almost indispensable whalebone, have caused a gradual and general decline in the whale-fishery. 
The United States now take the lead in it. Their whaling fleet on Ist January, 1880, number^ 
178 vessels, with a total burden of 39,433 tons, neariy all hailing from New Bedford. In the 
Behring’s Straits waters, in 1869, 43 American ships secured 38,275 barrels of train-oil ; in 1879, 
18 obtained 17,118 barrels. In the Pacific, 40 ships in 1879 got 15,000 barrels. On the Californian 
coast, are some half-dozen whaling stations, for the capture of “ grey-backs ” mostly, which are 
diflicult to secure, and not very rich in oil. The best catch is from November to February, when 
the whales are going south near the land ; from May to October, they travel northwards farther at 
sea. In Hudson’s Bay, 7 American vessels in 1870-6 procured 3048 barrels of train-oil. The 
exports of whale-oil (in gal.) from New York in 1878 were : — 348,028 to France, 77,905 to Great 
Britain, 3050 to S. America, E. and W. Indies, &c., 2228 to Europe, . 540 to Scandinavia ; total, 
431,751. Philadelphia exported 76,636 gal. in 1879. The production of whale-oil in the American 
fisheries (excluding spermaceti) was 1,091,930 gal. in 1879. 

Next to America, ranks Scotland, and afterwards Norway. France and Germany have quite 
retired from the whale-fishery. The Scotch vessels hail from Peterhead, and Dundee. From the 
former port, 13 obtained 19 whales, 737J tuns of train-oU, in 1869 ; in 1879, 7 secured 11 whales, 
234 tuns of oil. Dundee, in 1869, despatched 11 vessels, which took 9 whales, 576 tuns of oil ; 
in 1879, 15 captured 55 whales, and had a total of 1746 tims of oil ; in 1874, the figures were 
190 whales, 1994 tuns oil. The fishing takes place partly in the European polar sea, partly in the 
Cumberland Gulf. The Norwegian whalery is almost confined to the Waranger Fjord, where 
130 head, chiefly “ finners,” were taken in 1878. The Danish Greenland fishermen secure only 2 
or 3 whales annually. The polar whale is found off the coast here and there between 65° and 70° 
N. lat. A station still exists in Holsteinboig. The chase lasts from December to March. In 
summer and autumn, they also meet with the humpback whale, in years when there is little or no 
drift ice. New Zealand had a whale-fleet of 13 vessels in 1877, hailing chiefly from Otago; the 
value of their take was 41,740/. Tasmania had 12 vessels engaged in 1877, whose catch was valued 
at 31,605/. The exports of whale-oil from Honolulu in 1878 were 7254 gal. to Germany. The Bay 
of Panama was very productive in whale-oil during 1878, the number of sperm-whales and hump- 
backs captured considerably exceeding that of previous years. In 1877, the number of barrels (of 
30 gal.) of oil obtained was 727 ; in 1878, it amounted to 2710. The industry is carried on by 
American vessels from San Francisco and New Bedford, and by Chilian vessels from Valparaiso 
the latter being owned chiefly by English firms there. From the St. Vincent (W. Indies) whale- 
fishery, the exports were 610 barrels, 1830/., in 1876; 750 barrels, 2259/., in 1877; 581 barrels 
1264/., in 1878 ; 370 barrels, 315/., in 1879. From Barbados, they were 11081. in 1877, and 1887 
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in 1878. The value of Norwegian exports has fallen from 913,200 kroner (of Is. IJrf.) worth of 
train-oil, and 66,000 kr. of whale-blubber, in 1875, to 450,900 ir. of train-oil in 1879. The quantity 
of train-oil in 1879 was 143,065 hectol. (of 22 gal.). Denmark, in 1878, exported 193,514 lb. of 
train-oU to Great Britain. Archangel, in 1878, exported 615 tons of train-oil, value 11,6307, to 
Germany. 

The “ Greenland ” or right ” whale (Balmta mysticetus) inhabits the Arctic Seas of both hemi- 
spheres; it usually affords about 125 barrels of blubber, which is converted into the so-called 
“ traiu-oU.” The “polar” whale (B. glacialis) is abundant around Greenland, Iceland, and the 
North Cape; it yields about 90 barrels of blubber. The “ southern ” or “ Cape ” whale (B. ant- 
arctica) is found in the South Seas. The “ humpback ” whale (Balemoptera Boops) inhabits the 
northern seas; it is less rich in oil than the “right” whale. The “finner” (^Bal<£noptera Gihbar'), a 
native of northern seas, is difficult to take, and furnishes a small quantity of oil, but of excellent 
quality. Balaina rostruta is met with on the coasts of Scotland. The thickness of the “ blubber,” 
or oleaginous cellular membrane, in a whale varies from 8 to 20 in. It is very coarse in texture, 
and harder than pork. The oil is dr.iined from it by cutting it into pieces and placing these in racks, 
through which the oil drips down into casks. It is then heated at 107° (225° F.) to remove the 
unpleasant odour, and to assist the clarification. It is next pumped over with water, left to cool, 
and finally barrelled. (For Spermaceti, see p. 1371). 

miscellaiieous. — Besides the oils and fats mentioned under the preceding headings, all of 
which are important commercial articles, there are many others obtained from members of the 
animal kingdom, some identified, others not yet referable to exact species, which, though not 
deserving of such prominent notice as the former, still cannot be altogether overlooked. They are 
as follows : — 

Alpaca-tallow, the fat of some species of Auchenia (see Hair— Alpaca, p. 1093), is used in pomades 
in portions of S. America. 

Anabas scandens, in the Malay Archipelago, gives a fish oil. 

Ant-grease is obtained from white ants or termites on the Gaboon, by boiling them in large 
vessels, and skimming oflf the fat which floats ; it is used ns food. Another yellow or reddish- 
brown fatty oil is produced by expressing the residue left on distilling ants. 

Badger-grease was formerly used in medicine, and is now employed in Austria for carriage- 
grease ; melting-point, 30° (86° F.). 

Barbus Chola, in the Malay Archipelago, gives a fish oil. 

Bat-grease (Fe., Graisse de Roussette edule) is obtained from the “ kalong ” or (erroneously) 
“ flying- fox,” a large bat (Pteropus edulis) of New Caledonia, the Moluccas, and the Sundas ; it has 
the properties of lard. 

Bear-grease, from N. America, was formerly used in medicine and perfumery. 

Beetle-oil, obtained from Carabus saponarius, of Senegal, is used as soap. 

Cochineal- fat, from the cochineal-insect {Coccus cacti), melts at 40° (104° F.). 

Cockchafer-oil (Fb., Ruile de Ranneton), obtained from Melolontha vulgaris, is used for lighting, 
and for the manufacture of carriage-grease, in Hungary. 

Conger-eel-oil is obtained from ilurmna Congre in the N. Atlantic (see p. 1364). 

Cooawanoo-oil is procured from the reptile Caouana divacea [Chelonia Cephalo) in the E. Indies. 

Dog-grease is used medicinally, and in the manufiicture of glazed gloves, on the Continent ; 
melting-point, 26J° (79J° F.). 

Duck-grease, from Anser spp-, contains 72 per cent, oleine and 28 stearine ; melting-point, 25° 
(77° F.). 

Emu-grease, from Dromaius nocce hollandiw, is obtained by boiling the skin in small pieces after 
removal of the feathers, and is much esteemed by the colonists and natives of Australia as a remedy 
for sprains and rheumatism. 

Frigate-bird-oil is got from the “ frigate-bird” {Tachypetis aquila) in tropical regions. 

Fulmar-oil is derived from the “ fulmar petrel ” {Procellaria glacialis), which bird is found in 
myriads on the islands of the N. Atlantic, e. g. the Hebrides, Orkneys, Shetlands, Fmroes, and 
Iceland ; the oil is abundant, and resembles that from cod-liver. (For Petrel-oU, see p. 1376). 

Fur-seal-oil, from Otaria spp., is occasionally imported into London by the Falkland Islands 
Co. ; each animal’s blubber furnishes about J gal. of excellent oil, adapted to the same purposes as 
ordinary seal-oil : 't is mostly wasted. The value of the exports is included in Penguin-oil 
(see p. 1376). 

Gata-oil, from an unknown fish, is used in the Cape Verdes, and esteemed superior to cod-liver- 
oil in medicine. 

Ghee, or clarified butter, chiefly made from buffalo-milk, is universally employed in domestic 
cooking in India, and is an important article of local trade. Thus the value of the exports from 
Persia in 1879 were 15,000 rupees from Bushire, 32,000 from Lingah, and 5000 from Bahrein. 

Giboia-grease (or oil) is from an undetermined Brazilian animal. 



1376 


ANIMAL OILS AND FATS, 


Goose-grease contains 68 per cent, oleine and 32 stearine. 

Gmcharo-oil is obtained from the so-called “ oil-bird,” didbhtin (French Antilles), or “ Trinidad 
goat-sucker ” (Steatomis caripensis'), found in Veneznela, Trinidad, Ecuador, the Pemyian Andes, 
and New Granada. It is a nocturnal bird, inhabiting deep, dark caverns, and feeding exclusively 
on oleaginous fruits. The young, soon after being batched, become a mass of fat, when they are 
taken in immense niunbers by the Venezuelan Indians, about midsummer, by the aid of torches 
and long poles ; their fat is removed, and melted down over fires kindled at the cavern mouth, and 
the oil is run into earthen pots, and preserved for cooking and lighting purposes ; it is pure and 
limpid, free from unpleasant taste or smell, and keeps sweet for a year. 

Guariba-grease (or oil), from an undetermined Brazilian animal, is recommended against 
rheuinatism. 

Hippopotamus-grease, when boiled, is very similar to lard, but has always an oily consistence in S.' 
and Central Africa ; it has a slight flavour of train-oil, but keeps for many years without becoming 
rancid. 

Haangkuyn is an oil from an undetermined Chinese fish. 

Iguana-grease, from Iguana tuberculata, is utilized in S. America. 

Lamprey-oil, from Petromyzon fluviaiilis, is used in Russia. 

Ophiocephatus striaius, in the Malay Archipelago, affords a fish oil from its intestines. 

Ostrich-grease, from Struthio Camelus, is used by the Arabs in food and medicine. 

Ounce-grease, from Felis Uncia, is employed in Brazil. 

Peacoci-grease is esteemed in the E. Indies. 

Penguin-oil is obtained from the “ Patagonian penguin,” or manchot (Aptenopodites patagor.ica), 
found in S. America ; the bird is so abundant in Patagonia that one vessel has obtained more than 
225,000 pints of its oil in 5 weeks; it is imported into London by the Falkland Islands Co., and 
is employed in leather-dressing. The value of the exports of penguin-oil (including seal) to the 
United Kingdom, were 1312/. in 1878, and 1200/. in 1879. 

Petrel-oU is procured from two species of petrel, Procellaria obscura and P. brericauda, the former in 
New Zealand, the latter in Tasmania, by pressing the bodies of the birds, who are allowed to 
escape alive, to accumulate a fresh supply; it bums very well in lamps, and is also employed 
against rheumatism. (For Fulmar-oil, see p. 1375). 

Pheasant-grease, melts at 43° (109° F.). 

Pigeon-grease (or oil), from Columba migratina, is used by the natives of N. America as a substitute 
for butter. 

Piraracu-oil, from Vastris gigas, and perhaps other species, is employed in Brazil, Guiana, &c., 
against rheumatism. 

Saposa-grease, from a species of fox, is used medicinally in Brazil. 

Bay-oils are very extensively procured from the livers of Baja clavata, B. pastinaca, and other 
species indigenous to Indian seas, and possess qualities like those of cod-liver-oil (see p. 1364). 

Salmon-oil, from a species of Salmo found in China, sometimes enters into the composition of 
“ Indian ink.” 

Sandre-oil is obtained in Russia from the fat surrounding the intestines of Leucoperca Sandre, and 
is used like sturgeon-oil (see below). 

Satc-fish-oils are procured from several species of Pristis: the liver of the sword- or comb-fish of 
Guiana (P. pectinatus) afifords 15-20 gal. of oil, used for lighting and anointing ; another species in 
India contributes very largely to the mixture of oils known as “ Malabar oil ” (see p. 1367). 

Sea-wolf-oil is obtained from Anarrhicus lupus in the North Sea. 

Silkworm-oil is extracted from the chrysalides of the silkworm, by pressure, by treatment with 
bisulphide of carbon, or by exhausting with alcohol and washing the extract with hot water ; it is 
brownish-green, lighter than water, neutral, remains liquid at 0° (32° P.), is easily soluble in 
alcohol and ether, is readily saponifiable, and possesses an extremely disagreeable odour. The yield 
is 151b. of oil from 1651b. of cocoons ; the oU burns well in lamps. 

Sturgeon-oil is prepared in Russia from the fat surrounding the intestines of the sturgeon 
(,Accipenser Sturio'), by washing and melting In the fresh state in steam-boilers ; it is chiefiy used 
for adding to the barrels of caviare, when the spawn itself is not sufficiently fat. It is also con- 
sumed as food. The common grades for industrial purposes axe liberated by putrefaction, and 
amount to 100,000 poods (of 36 lb.) yearly. 

Tapir-grease, or Anta-oil, from Tapirus suillus, is used medicinally in Brazil. 

Tassoc-oil, obtained finm a species of Silurus, is an important object of commerce in Cochin China 
and Siam, and is remarkable for the quantity of stearine it contains. Another species, S. glams is 
utilized in E. Europe. 

Turkey-grease melts at 45° (113° F.). 

Turtle-butter (or oil) is extracted from the eggs and fat of various species of turtle in Brazil and 
the S. Pacific Islands, and is used in food and medicine, and for lighting. The production in the 
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Orinoco, Amazon, and Negro rivers is estimated at over 10,000 jars annually. In the S. Pacific, 
a good-sized turtle will yield 10 gal. of oil. 

Tusan is an oil from an rmdetermined Chinese fish. 

A fat obtained from the larvx of an insect living on the “ Tucum palm ” {Astrocaryam vulgnre) is 
used medicinally in Brazil. 

British India exported 429,830 gal. of animal oils in 1877, and 1374 gal. in 1879. 

VEGETABLE OILS AND FATS [A. Fattt or Fixed], 

Almond-oil (Fn. HuUe d’Amande$). — ^The almond (see Fruit — Almonds, p. 1022) yields two 
oils : an essential or volatile oU, described in a separate section (see p. 1416) ; and a fixed or fatty 
oil, now to be discussed. This latter is afforded by both sweet and bitter varieties, to the extent of 
55-60 per cent. For its extraction, the fruit is chosen recently gathered, but not too fresh. The 
sweet almonds are crushed unpeeled, the bitter are peeled, and deprived of their essential oil. They 
are shaken up in a hag, and crushed to paste; the latter is put into bags, and pressed. 
Perfumers, in order to obtain whiter cakes and a superior “paste,” plunge them into boiling 
water, to separate the skins, but this method of proceeding is apt to provoke the rancidity of 
the oU, and thus diminish its value. Bitter almonds are generally preferred to sweet, as 
being cheaper, and leaving a useful cake for perfumers. The most esteemed oil is obtained 
from the almonds of Majorca. The manufacture is carried on principally in Spain, Italy, and 
S. France. The yield of oil on an industrial scale is said to be 1 lb. 6 oz. by cold expression, 
and an additional 12 oz. by hot expression, from 5J lb. of almonds. The oil has a clear 
yellow colour, and agreeable flavour; it is without orlour, and very fluid; its sp. gr. is 0‘917-0‘920 
at 15° (59° F.); it thickens and deposits stearine at — 10° (14° F), assumes a butter-like con- 
sistence at — 20° (—4° F.), and solidifies completely at — 25° (— 13° F.) ; it contains 24 per cent, 
of stearine, and 76 of oleine ; it dissolves readily in ether, and in alcohol (25 parts cold, 6 hot). 
It is employed chiefly by perfumers, but also in medicine. It is frequently adulterated up to 50 
per cent, with gingeUy-oil, poppy-oil, mustard-oil, and peach-kemel-oil. 

American Nutmeg-oil (Fa , Saifde Yirold). — The “ American nutmeg ’’ called Virola sebifera 
IMyristioa sebifera], known as jejomadon to the Creoles, and as malagueto de montana in Panama, is 
common in the forests of Guiana and N. Brazil, and extends as fax as Panama. The seeds are there 
bruised, and macerated in boiling water, when a fatty substance separates from them, floats on the 
water, and solidifies by cooling. This aoUd fat is transported to Europe in the form of bricks, and 
has been received in considerable quantities. The yield from the seeds is stated at 26 per cent. 
The fat is completely soluble in alcohol, ether, and potash ley ; its fusing-point is 44° (111° F.); it 
forms a hard soap, and is admirably adapted for making candles, which bum with a pleasant 
aromatic odour. 

Argan-oil (Fa., LTuile (TArgan ). — The seed-kernels of the argan tree {Argania Sideroxyhn 
[Elaeodendron Argan, Sideroxylon spinosumf) afford a valuable fatty oil. The tree is found native 
only in the sub-littoral zone of S.-W. Morocco, where it is common between the rivers Tensift and 
Sous. A few scattered specimens are said to occur north of the Tensift, and the tree seems to be 
not infrequent in the hilly district between the Sous and the Oued Noun. Thus its area comprises 
a total length of about 200 miles, and a breadth extending from near the coast to a distance of 30- 
40 miles inland. At different times, the seed has been procured and distributed to various colonies, 
but its slow growth has led to disappointment. At Saharunpore, it did not survive, though 
probably well suited to N.-W. India. A tree in the Hobart Town Gardens has been fruiting for 
some years. In Morocco, the tree flowers in the middle of June, and the fruit remains 
on the tree during the greater part of the year. The young fruit sets in the end of July or 
beginning of August, and grows slowly till the rainy season commences, towards the end of 
September. It then enlarges rapidly, and attains its full size during that season, so that, 
by the middle or end of March, it is ripe enough to be gathered for economic uses. The 
prominent feature of the tree is the hardihood with which it withstands drought. The harvest- 
ing of the seed -kernels and extraction of the oil are performed in the following manner: 
In the end of March, camels, goats, sheep and cows are driven into the argan woods, when 
the fruits are shaken down from the trees. The green fleshy pericarp is greedily eaten by these 
animals, who afterwards reject the seed-kernels. The latter are collected by the peasants, and taken 
home. The hard bony shells are cracked between stones, and the inner white kernels are carefully 
extracted. These are roasted on plates of iron or pottery, and stirred constantly meanwhile, until 
they have a brown colour all over, without being charred on the outside. When the kernels have 
cooled, they are ground into a thick meal ; this is placed in a vessel, moistened occasionally with 
warm water, and stirred and kneaded with the hand unceasingly, until the mass becomes so hard 
that it can no longer be kneaded. The harder the mass becomes, the more perfectly is the oil 
liberated. Finally, cold water is sprinkled over it, to expel the last traces of oil. During the 
operation, the oil escapes at the sides, and is poured into a clean receptacle at intervals. The main 
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points needing attention are that the kneading shall be thorough, and that the hot water used shall 
not exceed what is actually necessary. The residnal cake is an excellent cattle-food. The oil, 
when it has settled, has a clear light-brown colour, and a rancid odour and flavour. It is an im- 
portant domestic oil among the Moors, being used as a substitute for olive-oil. The annual 
production is estimated at 1000 cwt. for the whole region. It is said that none whatever is 
exported. 

Assai-oil. — A fatty oil is extracted by decoction from the fruit of Eutei-pe oleracea [cdMlis], the 
assai palm, found abundantly in Para, growing in swampy places, especially on the banks of rivers 
within the tidal limits. The oil is of greenish colour, and slightly bitter flavour, and is used for 
illuminating. 

Bean-oil. — ^The seeds of the Chinese oil-bean, the sooja or tuiso of the Japanese {Glycine Soja 
[Soja hispida]'), afford 17-18 per cent, of a fatty oil. The plant is shrubby, attaining a height 
of 3-4 ft., and resembling the common dwarf kidney or French bean. The seeds are somewhat 
smaller than French beans, and vary in colour, from white to yellow and green. The plant 
is chiefly cultivated in the north of China, especially in the province of Shantung. The Chinese 
usually obtain 17 per cent, of oil from the seeds by simple pressure. The oil bears a general 
analogy to the ordinary edible oils of commerce, possessing an agreeable flavour and odour. It is 
useful for burning ; exposed to a low temperature, it becomes pirsty, and oxidizes rapidly on 
exposure to the air. As a drying-oil, it might replace linseed-oil for some purposes. As an 
illuminator, it is biing rapidly replaced by American petroleum, but is still extensively used 
for food. The oil, the cake left after expression of the oil, and the beans themselves, are important 
articles of Chinese commerce. The exports from Chtfoo in 1878 were 24G8J pivuh (of 133^ lb.) of 
bean-oil, 991,188 of bcan-cake, and 160,519i of beans; in 1870, the exports of the oil from this port 
were 44,530 piculs; in 1877, only 327 piculs; and in 1879, 1491 picnls. The exports of bean-oil 
from Newchwang were 4947 piculs in 1877, 3287i in 1878, and 11,630 in 1879 ; of beans, in the same 
years, 1,439,062, 2,156,064, and 1,835,444 piculs respectively ; and of bean-cake, 792,166, 1,924,968, 
and 1,800,523 piculs. Chiukiang exported 69,090 piculs of beans in 1877, and 43,784 in 1879. 
Hankow imported 21,0771 piculs of native bean-oil, value 15,6241., in 1879. Kiukiang, in 1879, 
imported 17,675 piculs. Shanghai, in 1879, imported 282J piculs from native ports, and exported 
33,940 piculs (besides 372 re-exports) to native ports. Wuhu imports quantities of the oil from Hohan, 
via Hankow, also from Hochow, Luchowfu, and some other places north of the river; the figures 
were, 659i piculs in 1877, 13,574i in 1878, and 5284 in 'l879. The cake is used for human 
and cattle food, and as manure. (See also Spices— Soy.) The plant is cultivated for its beans in 
many parts of India and the Archipelago ; and has been successfully introduced into Austro- 
Hnngary and N. Germany. 

Beech-oil (Fa., Suite de Fame).— The fruit or “mast” of the common beech (see Timber) is 
valued for its oil in some parts of the Continent, notably France, and was so in England also in Queen 
Anne's reign. The forest of Compiegne is the chief locality for the production of the oU which ' 
there forms an important industry, a vigorous tree being estimated to yield in good years not less 
t han 22 gal of off. When the mast is ripe, at the beginning of autumn, it is shaken down upon 
clo hs spread beneath, and sorted ; the soundest fruits are placed to dry in the shade, crushed between 
ToUers or m a mill, and sifted or fanned to remove the shells. Thus treated, the dried kernels are 
put mto troughs, and stamped to a paste ; this latter is enclosed in bags, and subjected to pressure • 
the oil IS poured into capacious vessels, and left to deposit the mncilaginons matters 

extracted by the pressure, after which, it is ready for commerce. This process is the best, not only 

tnnmSf the t a good cattle-food in the refuse cakes. Unfor^ 

tunately, the shelZi^ of the kernels is often omitted, when the shells retain some of the oil, and 

only release it on boiling m water, by which its character is imnaired T 

are band-shelled singly and treated with such care, that the cake left after expression^of 

the oil contains snflflcient amylaceous matter to be used as a kind of bread The e i 

is about 12-15 per cent. (20-25 per cent, by carbon bisulph"!) or 1 mil t / , 

bnsb. of mast, rae newly-extracted oU has an acrid flavour. wMch disa^'ear in ttLT or 

may be removed by wasbmg with cold water.. The oil has a clear vel low ^ 

odour, and a faint flavour; freshly-drawn, it is thick anroloudv • aSl Im I 

limpid, but slightly viscous. Its sp. gr. is 0-922 at 15° (59° p7’;t h 

(14° F.), and congeals at -18° (0° F^ tola yellowi^ whL 

becoming rancid. It is sometimes used instead of butter for coow’in E ^“b 

commonly employed to adulterate olive-oil. It serves for illnminatine- 1 f ' ^ 

grey, hard soap, but wbieh always remains greasy ‘^^"“““ting; and forms with soda a dirty- 

ben is extracted from the so-called “ ben 
nuts, the seeds of one or more species of Moringa. The princmal are M 

Gnikmdina Moringa, Hyperanthem Moringa-] and M. aptera. Thf former is a natevl^frt f 
the latter is said to he indigenous to Egypt and Uia. an^rteL^br Lt^i^L^t^h; 
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'W. Indies. Tliey are common objects of cnltivation througbont India and Burma, in the 
N.-W. Himalaya np to 1500 ft., in Egypt, and in the W. Indies. The Indian species occurs wild in 
the lower Himalaya and Siwalik tract, from the Chenab to the Sardab, also in the Oudh forests. 
The seeds of both species are rich in fatty oil, which is extracted by simple pressure ; it seems to be 
less availed of in India than in the other habitats of the trees. The Indian oil has a sp. gr. 
of O' 912-0 ’915 at 15|° (60° F.); it is fluid at 25° (77° F.), thick at 15° (59° F.), and becomes 
solid at lower temperatures ; it is almost devoid of odour and flavour, has a pale-yeUowish colour, 
saponifies slowly, and does not turn rancid. It consists essentially of oleine, margarine, and 
stearine. After separation of the sojidifiable portion by cooling, it is highly esteemed by watch- 
makers as a lubricant, for which purpose it has been extensively imported. Locally, it is employed 
in medicine ; also by perfumers, as it possesses great power of absorbing and retaining even the 
most fugitive odours. It is very commonly adulterated with virgin olive-oil. In the W. Indies, it 
is said to be used as a salad-oil. 

Bicutiba-wrax (Fb., Cire de Bicuiba). — The frmit of the bicuhiba or ucuhvba of Brazil (Myristica 
Bicuhiba), affords a concrete oil, of yellowish-white colour, soluble in boiling alcohol, and melting at 
35° (95° F.), which is locally employed in candle-making, and as a remedy for asthma, rheumatism, 
and tumours. 

Bladder-nut-oil. — The kernel of the fruits ( “ bladder-nnts ” ) of Stnpbylea pinnata are 
expressed in some parts of Central and E. Europe for the bland oil which they yield. 

Boma-nut-oil. — The Boma-nnt (see Nuts, p. 1351) which is not a species of Vitex as there 
supposed, but has been called Pyonocoma macropbylla, famishes an abundance of sweet bland oil, 
much used in cooking by the natives of central Africa. 

Butter-nut- or Souari-oiL — The fruits of Caryocar nuciferum and C. tomentosum, lofty trees 
inhabiting the forests of tropical S. America, notably the banks of the Essequibo and Berbice 
rivers, afford edible oils. 

Cacao-butter or Oil of Tbeobroma (Fb., Beurre de Cacao ; Geb., Cacabbutter, Cacaotalg ). — 
A valuable concrete fatty oil is derived from the seeds or beans of the cocoa- or chocolate-tree, 
principally Tkeohroma Cacao (see Cocoa, p. 684). This oil is procured almost exclusively from the 
chocolate-makers, who express it in the process of preparing the cocoa-nibs for the production of the 
article in various edible forms. The nibs are ground in heated mills, by which the oil is 
disengaged, and the mass becomes a soft paste; this is placed in canvas bags, and subjected 
to pressure under the influence of steam-heat. The oil then escapes in a perfectly liquid condition, 
and is collected in oblong tins. When necessary, it is decolorized by filtration through ivory-black, 
i. e. very fine animal charcoal. The yield of oil is from 30 to 45-50 per cent, of the weight 
of nibs. On cooling to ordinary temireratures, the oil becomes a light-yellowish, opaque, dry 
substance, unctuous to the touch, but brittle enough to break into fragments when strack, and 
showing a dull waxy fracture ; it has a chocolate-like odour, and a pleasant bland flavour ; its sp. gr. 
is 0" 945-0 '952 ; its fusing-point is 20°-30° (68°-86° P.); it is soluble iu ether aud spirit of 
turpentine ; it dissolves also in 20 parts boiling alcohol, but only 1 per cent, remains in solution 
after cooling; it dissolves slowly in double its weight of benzol at 10° (50° F.), but partially 
separates by keeping ; it may be kept for a long time (even several years) without turning rancid ; 
it consists chiefly of stearine, and a little palmitine and oleine. It is extensively used in 
pharmacy, especially on the Continent. It is often adulterated with tellow, wax, &c., but its 
peculiar characters facilitate their detection. 

Calaba- or Galba-oil. — The tree affording ca/afta-nuts QCalophyllum Calabd) flourishes most 
abundantly in Brazil and the W. Indies. Its seeds yield an excellent illuminating-oil. 

Carmaru-oiL — ^The frmt-seeds of the eboe-tree (^Dipteryx ebSensis), and perhaps also those 
of the better known species, D, odorata (see Perfumes — Tonquin-beans), contain a large quantity of 
a clear, yellow, fixed oil. The trees flourish throughout Brazil, Guiana, and the Mosquito coimtry 
(now the E. part of Nicaragua), but it is particularly in the last-named district that the oil 
is extracted and utilized by the natives. Its chief applications are for anointing the hair, and for 
curing ulceration of the throat. 

Casbew-nut-oil, and Cardole. — The casliew-nnt (see Nuts,p. 1352) affords two kinds of oil. 
The k> rnels, which have occasionally been imported into England firom India as “ cassia nuts,” 
yield a light-yellow, bland, nutritious oil, of the finest quality, in every respect equal to almond-oil, 
and considered superior to olive-oil. It is very seldom expressed in India, as the entire kernels are 
so extensively eaten. A second oil, called cardole, or “cashew-apple-oil,” is obtained from the 
pericarps or shells of the nuts ; it is black and acrid, and is a powerful vesicating agent. It is 
employed in surgery as a caustic, and is frequently applied to timber which is exposed to the 
attacks of white ants. The yield of oil from the kernels amounts to 40J per cent, commercially, 
and from the pericarp 29^. 

V Castanba-oil (Fa. Huile de Juvias, de Chdtaignes, de Castanbeiro.') — The castanha or Brazil-nut 
(see Nuts, p. 1351) is very rich in oil ; each fruit contains some 20 nuts, and each lb. of nuts gives 
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10 oz. of oil. This is extracted by roasting the nuts, and pounding, pressing and straining the kernels. 
A superior product is obtained from the unroasted nuts. It is bland, pleasant, and of clear-yellow 
colour, and, in composition, differs but little from fixed almond-oil, which it resembles in its tendency 
to become rancid when kept. This last property renders it applicable only to illuminating, 
perfumery, and soap-making, for which it is well adapted. It is used for culinary purposes when 
fresh. It could be furnished in considerable quantities. 

Castor.oil (Fu., Buile de Castor, de Sioin, de Palma-Christi ■, Ger., Sicinussamenol). The castor- 
oil-plant, or Palma-Christi, as it is often called, belongs to the genus Bicinus, of which some 16 forms 
are distinguished, but all usually considered mere varieties of B. communis. The variety known as 
B. spectabitis is said to give 22 per cent, more oil. The plant is indigenous to India, whence it has 
been distributed by cultivation throughout all the tropics, and in many temperate countries. It 
flourishes in India, China, Java ; the Azores, and the W. African coast ; the Mediterranean region 
(Algeria, Egypt, Greece, Spain, Crete, Sicily, and the Kiviera) ; France, Germany, and England ; 
Brazil, Spanish America, and the Portuguese colonies; the United States and the W. Indies; and 
in good summers, ripens its seed as far north as Christiania, in Norway. In the most favourable 
situations, it attains a height of 40 ft. ; in the S. States of America, often 20-25 ft. ; in the Mediter- 
ranean region, 10-15 ft. ; in India, 8-10 ft. ; in N. Europe, 4-5 ft. 

The plant is probably most extensively grown in India, not only for the oil yielded by its 
seeds, but also on account of its leaves forming the food of some kinds of silkworm. Its cultivation 
is carried on in most parts of India. The whole of the N.-W. Provinces produce castor-oil, but 
inferior in quality to that obtained from the coast-grown seed of Coconada and that of Colcong. The 
plant might be raised much more extensively in Oudh. In Cuttack, it occupies much newly-cleared 
land, in the jungles of the Tributary States and Sumbulpore. Madras Presidency is reckoned to 
have 67,000 acres under this crop, chiefly in Coimbatore. Scarcely any cultivation is required, and 
the plant is frequently grown as a border for more valuable or delicate crops, especially as all 
insects are said to avoid it. It prefers a sandy loam, and will not thrive on clay. It attains full 
perfection as a hedge-plant, and flourishes well on newly-cleared jungle-land. Two kinds of the 
plant are distinguished by Indian native cultivators, a large-seeded and a small-seeded. Both are 
raised from seed, which is sown twice annually, in November and May. The natives sow and 
uproot the plant every year, though it grows and yields abundantly in the second and third years 
in open spaces. When growing it alone, they almost always sow too thickly, and thus prevent the 
proper development of the plant. The operation of gathering the seeds is tedious. The two kinds 
are kept distinct, the oil obtained from the small-seeded sort being esteemed much superior. 
Separate methods of extraction are also adopted. 

The seeds of the small-seeded variety are treated as follows. Having been sifted clear of all 
dirt and foreign matters, while still fresh, they are slightly crushed between two rolls, then freed by 
hand from husks and coloured grains, enclosed in clean gunny-sacks, and lightly pressed in oblong 
moulds to form “ bricks” of uniform shape and density. These bricks are placed alternately with 
sheet-iron plates in an ordinary press, and the escaping oil is caught in clean tinned pans. To each 
1 gal. of oil, is added 1 pint of water, and the whole is boiled till the water has evaporated ; the 
result of this is that the mucilage subsides, and encrusts the bottom of the pan, while the albumen 
solidifies, and forms a white layer between the oil and the water. The utmost care is necessary to 
remove the pan from the fire the moment the evaporation of the water is complete, as known by the 
cessation of bubbling ; if allowed to remain longer, the temperature, hitherto that of boiling water, 
100° (212° F.), suddenly rises to that of boiling oil, 3151° (600° F.), thereby deepening the colour 
and developing an empyreuraatic odour and flavour. The oil is filtered through blanketing or 
similar fabric, and put into canisters for export. It is known as “ cold-drawn ” oil, and is usually 
of a light-straw to greenish colour. The cleaned seeds yield 47-50 per cent, of oil by this method, 
fit for the European market. Experiments with Calcutta seed resulted in a product of 324 lb. 1st 
class oil, 87^ lb. 2nd8, and 76^ lb. 3rj3, or a total of 488 lb. of oil from 1400 lb. of seed (980 lb. of 
kernels) ; 1400 lb. of Madras seed gave 318 lb. Ists, 88 lb. 2nds, and 74 lb. 3rds, total 480 lb. The 
cost of the Madras oil, including the seed at K. 3-3 per bag of 164 lb., husking and selecting 
the kernels, crushing, moulding, pressing, boiling, filtering, overseers’ pay, godown rent, 300 empty 
quart bottles, corks, cleaning, packing-charges, and sundries, was 76 rupees 1 anna, or an average of 
4-06 annas per qt. of Ist, 2nd, and 3rd oil, or id. a lb. A second Indian method of exhausting this 
kind]of seed is by hot-water extraction. The seeds are boiled in water for 2 hours, sun-dried for 
3 days, shelled, pounded, and boiled in fresh water till the whole of the oU has risen to the surface. 
The yield is 1 qt. of oil from 3i lb. of seed. It is straw-coloured, free from unpleasant odour and 
flavour, and is commonly used by native medical practitioners. 

The oil of the large-seeded variety is occasionally extracted by the cold process, but most 
commonly by a combination of roasting and boiling. The seeds are first partially roasted over a 
charcoal fire, both to coagulate the albumen and liquefy the oil ; they are then pounded, and boiled 
in water till the oil rises to the surface. The yield is about 33 per cent, of a very impure oil having 
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a deep-red colour, and an empyrenmatio odour, which is often very offensive during its combustion 
in lamps ; it is thick and viscid, and soon grows rancid. It is produced only for home consumption, 
forming the common “ lamp-oil ” of the bazars, and being very extensively used for dressing articles 
of leather. 

Most of the Indian oU is extracted in and exported from Calcutta, the crushed seed being sent up 
from Madras for the purpose — an inexplicable proceeding. The exports from Calcutta in 1870-1 
were 654,917 gal., of which, 214,959 gal. were for the United Kingdom ; in 1877-8, the total Indian 
export had grown to the very large figure of 1,411,216 gal. It is sent to the United Kingdom, 
Mauritius, the Straits Settlements, Ceylon, and Australia, chiefly, it would seem, for lubricating 
purposes, much of it being obtained from the large-seeded kind, and extracted by the roasting and 
boiling process. 

The manufacture of castor-oil is actively carried on in the United States, especially at St. Louis, 
the seeds being largely produced in S. Illinois. In 1875, Kansas had 24,145 acres under this crop, 
producing 361,386 bush, of seed. Other states participate in the industry. The land is prepared 
as for other crops, and the seeds are planted much the same as maize, except that only one seed is 
put into each hill, and that every fourth row is missed to afford space for the harvesting. Eipening 
commences in August ; the yield varies &om 15 to 25 bush, an acre, 20 being considered fair. The 
oil is generally extracted in the following manner. The seeds, having been thoroughly cleansed 
from the dust and particles of the pod with which they are always contaminated, are placed in an 
iron tank, and heated to such a degree as will liquefy the oil without any risk of scorching. They 
are then pressed, the oil escaping being known as “ 1st quality.” The pressed seed is heaped up 
and left for a day ; on the following day, it is again heated and pressed, and gives a “ 2nd quality ” 
oil. The yield from 1 bush, of seed is 12 lb. of 1st quality, and 4 lb. of 2nd quality oil ; sometimes 
a 3rd expression is made, giving 1-3 lb. of a very much coloured oil. Occasionally too, the cake 
from the 2nd pressing is treated with bisulphide of carbon, which extracts a small additional 
quantity of thick, dark, common oil. All qualities need purifying and clarifying. This is usually 
effected by boiling first with a large quantity of water, and skimming off the impurities as they rise, 
whUe the mucilage and starch are dissolved, and the albumen is coagulated. The clear oil is 
removed[and boiled with a very little water, which clarifies it, and drives off volatile acid matters. 
The chief point to be noticed is to expose the oil as little as possible to the air, or it quickly 
becomes rancid. The 1st quality oil is used medicinally, the 2nd for burning, lubricating, leather- 
dressing, &c. In America, the cake is frequently used as fuel. 

Italian castor-oil has lately attracted some notice. It is principally expressed from the seed of 
plants grown in the province of Verona, especially the district of Legnago, in N. Italy ; the produce 
is now 400,000 kilo, of seed yearly, but all Italian-pressed oil is not from Italian-grown seed, as Genoa 
imports considerable quantities of the seed from India. Two varieties are cultivated in Italy, the 
black-seeded Egyptian and the red-seeded American ; the former yields the lesser percentage, but of 
a paler colour. The seeds are very carefully peeled, and after crushing, are placed in hydraulic 
presses, standing in a room which is heated to 21° (70° F.) in winter. The exudation of the oil is 
promoted by warming the press-plates to 32°-38° (90°-100° F.). The yield of oil is about 40 per 
cent, on the peeled seeds. 

The castor-oil-plant grows as a weed in the Bahamas, but the little oil which is extracted by 
boiling is never met with in commerce. A supply of the best Indian seed has been sent to these 
islands, and is found to afford three times as much oil as the native plant, besides being quite as 
readily cultivated. Hopes are entertained that the colony will soon be an important producer of the 
oil. The plant has been introduced into Brazil from India, and attains an immense size ; in 1879, 
an attempt was made to export castor-oil direct from Maceio to Europe, and probably large 
quantities will eventually be sent, as it is most extensively produced in the province of Alagoas, 
and locally used in lamps ; the value of the shipments coastwise from Maceio rose from 16?. in 
1877 to 117Z. in 1879. In Angola (W. Africa), the dry sandy beds of the rivers in the hot season 
are often completely covered with a magnificent growth of the castor-oil plant. Among other 
countries, China may be mentioned as yielding considerable quantities of castor-oil ; the exports 
from Newchwang were 581 piculs (of 133| lb.) in 1877, and 1664 in 1878 ; Shanghai exported 
555 piculs to other Chinese ports in 1878, and 3 piculs to Chinese ports, and 76 piculs to foreign 
countries, in 1879. In France, the fresh seeds are bruised and pressed in the cold, and the 
albumen and mucilage are separated by long standing and filtering ; the product is 33 per cent, 
of the seeds, but is much weaker (less purging) than that obtained from the tropics. This remark 
applies also to the Italian oU. Barely, the bruised seed is macerated in cold alcohol, 1 lb. of seed 
then giving 6 oz. of oil. Algeria and Egypt are large producers. 

As to the claims of the plant upon cultivators of oil crops, Dareste estimated the yield to be 
1800 kilo, (of 2-2 lb.) per hectare (of 2| acres), whUe a similar area of oil-palms in the tropica gave 
only 900 kih., and of olives in S. Europe 600 kilo . ; the seed was calculated to afford 52 per cent, of oil. 

Castor-oil has a sp. gr. of 0'969 at 12° (53i° F.), 0’957 at 25° (77° F.), and 0-908 at 94° 
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(20H° F.) ; it has usually a pale-yellow colour, viscid consistence, and slight mawkish odour 
and flavour, which are much intensified when it becomes rancid ; at — 15° (5° F.), it commences to 
congeal, but does not completely solidify above — 18° (0° P.), when it dries up, forming a transparent 
vamish-like film in three layers ; its boiling-point is 265° (509° F.), when it begins to distil, and 
affords various products ; it mixes in all proportions with glacial acetic acid and absolute alcohol, 
and is even soluble in i parts alcohol of 0‘838-0‘850 at 15° (59° F.), and forms a clear mixture 
with equal weights of the same at 25° (77° F.) ; it is said also to render other oils mixed with 
it soluble in alcohol. It saponifies readily, yielding several fatty acids, the chief of which is 
ricinoleic (C,g Hj, O3), peculiar to this oil, and another appears to be palmitic. Its drastic principle 
and optical properties still await investigation. Some of its uses have already been alluded to. For 
medicinal use, as a purgative, the cold^irawn oil is the only kind fit for human subjects; but the 
oil obtained by roasting and boiling, or that extracted by alcohol, is preferred by veterinary sur- 
geons, as containing much more of the drastic principle, and being therefore more powerful. 
The common kinds are largely used by leather-dressers, principally, perhaps, for morocco leather, 
but with equal success on all descriptions ; moreover, it repels rats and other vermin, and does 
not interfere with subsequent polishing. As a lubricant, it is in extensive use in Europe and 
America; and as a lamp-oil, in India, Brazil, &c. Chiefiy three sorts appear in the London 
market— that expressed here from imported (essentially Egyptian) seed, E. Indian expressed, 
and American expressed. The oil is imported in tins, barrels, hogsheads, and duppers. It is 
often adulterated with poppy-seed-oil and croton-oil. (See Drugs, p. 798). 

Chaulmugra- and Lnkraho- [liuerabau-] oils. — The valuable medicinal oils known as 
chttulmugra in India, as lukrabo in Siam, and as ta-fung-tsze in China, are obtained from the seeds of 
one or more species of Gynocardia ; the Indian species is called G. odorata (Chaulmugra, Hydnocarpus 
odorata'), while the other kinds are not yet specifically determined, though some botanists consider 
them identical. 6. odorata grows in the forests of the Malayan peninsula and E. India (Tenasserim, 
Bangoon, Chittagong) as far north as Assam, and thence westwards along the base of the Hima- 
layas, and on the Khasia Hills. It is a large tree, bearing fruits somewhat resembling an orange, 
in the pulp of which are imbedded the seeds whence the oil is extracted. The fragrant flowers 
appear in April-May, and the fruits ripen in December. The latter are then collected, dried, and 
sent to Calcutta; the outer integument is removed, and the kernels alone are treated for their oil, 
during a period extending to the end of February. The freshest seeds, gathered in December, 
afford the best yield of oil, which (by expression) amounts to about 10 per cent. Both cold and hot 
expression axe adopted, the oil obtained by the former having superior keeping qualities. At 
ordinary European temperatures, the oil is a granular solid, rest mbling beef-dripping in colour and 
appearance, but of firmer consistence. In the Indian climate, it is more liquid, of a pale-sherry 
colour, and sp. gr. 0 • 900 ; a granular, white, fatty deposit is thrown down by keeping. The melting- 
point as ascertained in England is 42° (107J° F.), when the sp. gr. is 0-930. It has an acid reaction 
a slight persistent acrid flavour, and a faint scammony-like odour. A peculiar feature of the 
expressed oil is its (hitherto) indestructible green colour. The kernels -treated with ether afford 
over 50 per cent, of fatty oil, which is almost colourless, or brownish when the seeds are not fresh. 
The expressed oil concretes at 17° (62J° F.) ; that extracted by ether or bisulphide of carbon 
requires a lower temperature. The chief constituents of the oil are about 63 per cent, of palmitic 
acid and 11 J per cent, of gyuocardic acid in combination with glyceryl as fata ; the latter acid is 
the seat of the colour and flavour, and probably also of the meicinal activity (see Drugs, 
p. 799) of the oil. The ohaulmugra-oil met with in the Indian bazars is universally adul- 
terated, and quite unreliable, as the detection of its impurities is practically impossible. The pure 
oil has been largely introduced into medical practice in this country through T. Christy and Co 
Fenchureh St., and Corbyn, Stacey & Co., High Holbom. Of the closely allied Siamese druo- it 
may be mentioned that 48 piculs (of 133^ lb.)of lukrabo-seeds were exported from Bangkok to China 
in 1871. In 1879, Hankow imported 742 piculs of the seed, value 490?. ; and Shanghai imported 
552i piculs from foreign countries, and 924^ from Hong Kong and Chinese ports, 410^ being retained 
for local consumption. 

Chequito.— This name is applied by the Kaffirs to a fatty substance yielded by the fruit of 
the “ butter-tree ” (Combretum butyraceum) of S.-E. Africa. It is largely used by them* in admixture 
with their food, and is exported. It consists of about 25 per cent, oleine and 75 mar<rarme and 
possesses an aromatic flavour. 

Cherry-oil. —The “ stones " of the American red cherry (Prunus serotina) have for several years 
past appeared in the market in such abundance and at such a price as to induce manufacturers to 
extract their oil. For this purpose, the whole “stones,” kernels and shells together, are ground to 
fine powder, which is carefully dried, and subjected to hydraulic pressure of about 2000 lb. a so in 
The yield is about 5 per cent, of an oil having a slight (but not injurious) odour of bitter almonds 
a sweet and agreeable flavour, and a dark-green colour which cannot be removed by either cold or 
hot water or alcohol; its sp. gr. is 0-906; it solidifies at -9i° (15° F.) ; its boiling-point is above 
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that of mercury, which ia 350° (662° F.), when it takes fire and bums with a yellow flame, leaving 
a pitch-like residue; at 138° (280° F.), it emits vapours, which are not disagreeable till 315° 
(600° F.) is reached ; it is insoluble in alcohol, hut freely soluble in ether, chloroform, oil of turpen- 
tine, olive-oil, and benzol. 

Chironji-oil. — The fruit-kernels of BtKhanania latifoUa, a common forest-tree in Coromandel, 
Malabar, and Mysore, yield 50 per cent, of a pure, pale-straw-coloured, limpid, sweet, wholesome, 
edible oil, seldom found in the market, as the kernel is an esteemed dessert-fruit. 

Cocculus iirdicus (see Drugs, p. 808). — The seeds contain about 50 per cent, of fatty oil, 
principally composed of stearine, which is extracted by the natives of India, and used for industrial 
purposes, but seems to he quite unknown in commerce. 

Coco-nut. and Copra-oils (Fk., Huile de Coco, Beurre de Coco ; Ger., Cocosmssol, Cocostalg, 
Cocoshutter). — As indicated by its name, this oil is obtained from the fruit of the cooo-nut-palm. The 
cultivation and distribution of this valuable tree have already been fully discussed elsewhere (see 
Nuts, p. 1353); the present remarks will be confined to the oil. 

The albuminous pulp dried at ordinary temperatures (called “ copra ” or “ oopperah ”) contains 
51'3 per cent, of oil, and dried at 100° (212° F.), 66 per cent. For preparing copra, only ripe nuts 
should be collected, and they should not be broken till 4-6 weeks after gathering ; the copra then 
dries more quickly, does not become mouldy, and affords a greater yield of oil. 

An Indian method of extracting this oil, when it is required to be colourless for perfumery 
manufacture, is as follows. The kernel is plunged into water, and boiled for a few minutes, then 
grated, and placed in a press ; the emulsion thus obtained is boiled until the oil rises to the surface. 
This process is not cheap enough for ordinary commercial oils, and recourse is had to rude forms of 
oil-mill, worked by oxen, and treating about 130 lb. of copra daily, obtaining about 40 qt. of oil. 
Another plan is to divide the kernel into pieces, and dry them on shelves over charcoal fires ; after 
2-3 days, they are put into the press. By this method, 100 nuts carefully dried are estimated to 
yield by pressure 10-13 edangalies (of 92 cub. in.) of oil, or 40 nuts to a gallon ; inferior nuts will not 
give more than 3-9 edangalies ; those from trees on salt marshes afford the least oil. 

In 1870-1, Bengal exported 7818 gal., and Bombay, 61,735 gal. ; Madras shipped 1,088,887 gal. 
in 1869-70. The value of the oil exported from Malabar in 1873 was 356,1 Sll. The exports of tho 
oil from Ceylon were 278,216 cwt., value 330,6891, in 1872, and 175,423 cwt., 204,6611 in 1878. Tho 
best comes from the Malabar ports, and locally fetches 20s. a ton more than that from Ceylon or the 
Coromandel Coast ; yet in Western commerce, Ceylon oil is considered tho best, and commands the 
highest price. Cochin and other kinds following. 

The natives of Matabello (Ke Islands) are almost entirely occupied in making coco-nut-oil, 
which they sell to the Bugis and Goram traders, who carry it to Banda and Amboyna. 

In the vicinity of Borongan, in the Philippines, quantities of coco-nut-oil are produced, and some 
12,000 pitchers of it are exported yearly to Manilla ; the nuts locally consumed would afford at 
least another 8000 pitchers. About 1000 nuts are required to yield IJ pitchers of oil by the rude 
process here adopted, which is as follows. The kernel is rasped out of the woody shell of tho nut 
on rough boards, and placed in old boats elevated on posts to undergo putrefaction; the oil 
escapes through the crevices of the boats into vessels placed beneath, and the pulp is finally 
pressed. The whole operation occupies several months, and yields a dark-brown viscid article, worth 
only 2J dol. in Manilla, where a superior oil fetches 6 dol. Eecently a factory has been erected at 
Borongan for the better preparation of the oil. The grating of the pulp is performed by iron discs with 
toothed edges, radiating from the ends of iron rods, and bluntly pointed towards the centie of the 
fruit. These discs are made to rotate by suitable gearing, while the workmen force the inner face 
of half coco-nuts, held firmly by both hands, and pressed by means of a pad on the chest, against 
the revolving rasps. The finely shredded nut lies for 12 hours in flat pans, to undergo partial 
decomposition, and is then gently pressed ; the resulting liquor, consisting of i oil and | water is 
caught in tubs, and after standing for 6 hours, the supernatant oil is skimmed off. The latter ia 
next heated in iron pans holding about 20-25 gal., until all the water has evaporated, occupying 
2-3 hours. In order to cool the oil rapidly, and prevent its deepening in colour, 2 pailsful of cold 
oil, freed from water, are poured in, and the fire is quickly withdrawn. The compressed shreds are 
once more exposed to the air, and then subjected to powerful pressure. After these two operations 
have been twice repeated, the rasped substance is suspended in sacks between strong vertical boards, 
and alternately squeezed and shaken up for a considerable time. The refuse finally serves as pig. 
food. The oil which runs from the sacks is quite free from water, and very clear, and is used for 
cooling that extracted by the boiling process. 

Mauritius exported 271,970 gal. of the oil, valued at 28,0071. in 1875, and 253,553 gal., value 
37,2631., in 1878. The Seychelles exported 162,475 veils (of 1’64 gal.) of oil in 1877, and 174,656J 
veils in 1878. 

Tahiti exported 690 tons of oil in 1868, and 420 tons in 1873. The Friendly Islands shipped 
704 tons in 1866. The Fiji Islands exported 600 tons in 1864, and 200 tons in 1870. 
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Impioved methods and machinery for extracting coco-nnt-oil will be described in a separate 
section (see p. 1451). The oil is white, and almost as fluid and limpid as water in tropical 
climates, but solidifies at 16°-18° (61°-64i° F.), and consequently generally appears in Europe as a 
solid, opaque, unctuous substance, of the consistence of butter, and fusible at 24°-28° (7a°-82° F.). 
When fresh, its odour and flavour are sweet and agreeable, but it quickly becomes rancid. It dis- 
solves readily in alcohol, and saponifies with facility. Its principal fatty acid is laurostearic, to- 
gether with oleic, palmitic, myristic, and some of less importance, all combined with glycerine. In 
Europe, the chief applications of the oil are for candle- and soap-making. It is an excellent illu- 
minator, in both candles and lamps, as it emits no smoke ; and it forms a hard and very white soap, 
more soluble in salt water than any other kind made on a commercial scale. During the last 
15 years, its consumption for soap-making in England has been greatly reduced by the competition 
of palm-kemel-oil, extracted here. lu the East, the oil is largely used in cooking and medicine 
while fresh, and for burning, painting, soap-making, and anointing the body, when rancid. 

Colza- or Xtape-Oil (Fb., Huilt de Colza ; Gee., CohaSl, Sapsol). — Colza-oil and rape-oil are 
identical, and are derived from several species or varieties of Brassica, chiefly B. campestris and 
B. Napvs [Napa oleiferoi], the seeds being known as rape-seed or cole-seed. The crop is extensively 
cultivated on the Continent and in India for the sake of the oleaginous seed. The mode of culture 
practised in Normandy is as follows. The seed is sown broadcast in July, preferably during wet 
weather, on well-manured land, forming the seed-bed of the future plants. When it is intended to 
transplant the young plants, the sowing is effected as with turnip- or cabbage-seed. In September- 
November, the young plants are removed from the seed-bed to a field richly manured with farm- 
yard dung, and which has just previously grown a crop of wheat. The plants are set out at 
distances of 18 in. in rows 2 ft. apart ; in extra good soil, the crop will be heavier, and more 
equally ripened, by wider planting. One furrow is generally left between each two rows. The 
plants quickly recover, and remain thus till February, when the ground is pulverized with a horse- 
hoe after the frosts. At this season, manuring is beneficial, the application usually taking the 
form of guano, rape-dust, or the cake left from expressing rape-oil, this last being an excellent 
stimulant. After this spring dressing, a double mould-board plough is passed between the drills, 
to throw the earth well up to the stems of the plants. The chief enemies of the crop are hail and 
the heavy rains of July. The harvest takes place towards the middle of July, the crop being ready 
as soon as the abaw and seed-pods become yellow. The cutting is done by sickles, and the plants 
as cut are laid across the ridges, so that air may circulate well amongst them. After 6-10 days, 
threshing commences. A space cleared in the field is covered with sail-cloth, and to this the 
sheaves are brought by means of a light hand barrow lined with canvas. Great care is necessary 
in handling the stems, as the seed falls out very readily. The threshing is done with flails, the 
slightest stroke sufficing. The grain is stored dry, and needs constant turning to prevent its 
heating and spoiling. The colour and strength are also better preserved by the admixture of a 
certain quantity of hush with the seed ; but nothing will obviate the necessity for repeated turning 
and thorough ventilation. 

A second French mode of growing resembles Scotch tumip-culture. The seed is sown in drills, 
with guano, bone-dust, or other manure, in spring and in damp weather. Transplanting is not 
adopted, but the plants are thinned out, as if raising swedes for seed. The crop is nearly as heavy 
as that obtained by the other method, and the cost is greatly diminished by the saving effected in 
labour. 

In India, rape-seed is very commonly sown mixed with mustard-seed, and almost always as an 
auxiliary with grain crops. It prefers loams, and does not flourish on clay soils. The sowing takes 
place in October, and the harvest in the following February, the plants being cut somewhat 
prematurely, or the pods would burst, and much of the seed be lost. The latter is ripened by 
exposure to the sun for 3-4 days on the threshing-floor, and is then easily dislodged. 

The yield of seed per acre, and of oil from the seed, vary exceedingly, principally according to 
the soil, the season, and the care bestowed. Kotaiion of crops is as necessary for this as for every 
other culture. A crop that stands well and thick on the land docs not always yield the most oU. 
In France, the seed is estimated to average 20 bush, an acre and often exceeds that figure ; and 
the product of oil is calculated at 50 lb. (unrefined) from 22 gal. of seed. There are no available 
statistics showing the seed-crop per acre in India; but the Indian seed known as “Guzerat rape,” 
largely crushed at Dantzig, is found to yield 3^ per cent, more oil than European seed, and leaves 
a cake richer in fatty matters and albuminoids ; it is shipped from Bombay, and brings the highest 
price of any. 

In France, colza-culture extends throughout the regions of the north-west and the plains of the 
north, but is little known in the south, and in the mountains of the centre. The chief departments 
engaged in raising this crop are Pas de Calais, Calvados, Seine-Inferieure, Nord, Somme, Saone-et- 
Loire, and Eure. The industry is declining before the extensive imports of mineral ofls from 
America. In 1873, there were 415,491 acres under the crop, which yielded 6,541,718 bush, of 
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seed ; and in 1877, 344,187 acres afforded 5,992,591 bush, of seed. Considerable quantities of rape- 
seed are produced in Germany and Belgium, and much is imported in addition. The expression of 
the oil forms a large industry at Dantzig and Stettin. The former crushed 12,500 tons of rape- 
seed in 1879, exporting 88,000 cwt. of oil ; of this, 2600 ewt. refined and 35,000 owt. crude were 
exported to England. The total exports in that year were 92,833 owt., value 127,650f., as against 
77,922 cwt., 124,675/., in 1878. Memel shipped 2532 cwt , value 1266/., in 1879. A great deal of 
rape-seed is grown in Hungary, but the area sown varies remarkably. During the years 1854-77, 
the annual production has fluctuated between 6300 and 123,900 tons of seed, averaging 38,882 tons ; 
the crop of 1877 amounted to 100,000 tons. In the countries bordering the Danube, colza grows 
both wild and under cultivation. The shipments of seed from Boumanian (Danube) ports increased 
from 52,882 quarters in 1874 to 86,754 in 1879 ; in 1877, they were only 16,065 quarters (wild) ; in 
1878, 117,297. The exports from Galatz in 1879 were 4087 quarters. Denmark exhibits a down- 
ward tendency in the cultivation of this crop, the number of acres occupied by it being 35,330 in 
1866, and 1272 in 1876 ; the production in 1878 had fallen to 23,000 bush. Quantities of rape-seed 
are exported from Russia ; the shipments in 1879 were 69,153 quarters from Nicolaieff, 71,572 from 
Taganrog and Rostov, 15,712 from Mariopol, 5149 from Yeisk, and 255 from Genitchesk. Wild 
rape is dying out in the Nicolaieff district, and being replaced by cultivated. The produce is 
shipped chiefly to N. France. The rape-crop is very general throughout India, and is growing in 
importance, the shipments of seed having increased from 359,854 cwt. in 1873-4. to 3,193,488 cwt. 
in 1877-8. The Chinese district of Ichang produces large quantities of eolza-oil. 

Colza- or rape-oil has a sp. gr. of 0 • 912-0 • 920, and congeals at — 6° (21 °F.) ; its colour is brownish- 
yellow, and it acquires a nauseous odour and flavour by keeping. It consists of 54 per cent, oleine 
and 46 per cent, stearine ; as extracted, it contains much mucilage, which is removed by treatment 
with 2 per cent., of sulphuric acid ; this operation diminishes the colour and density of the oil. As 
the purified oil ages, it becomes whiter and more viscous, and increases in density, at the same 
time losing its combustibility, and burning with a most unpleasant smoke; it is very slightly 
soluble in alcohol, and is itself a solvent of sulphur and phosphorus. Formerly, the chief applica- 
tion of the oil was for illuminating purposes, and it is so still in India; hut in Europe, it is 
used as a lubricant, and is employed extensively by indiarnbber manufacturers. 

CoquitO'Oil. — This is said to be obtained from the fruits of a palm, Elceis melanococca, gathered 
in immense quantities in the states of Oaxaca, Colima, Guerrero, and other portions of Mexico, 
though the name coquito is applied in Chili to another palm, Jubaa spectabilis. The yield of oil is 
stated at 50 per cent. ; it is solid at the ordinary temperature of the central portion of the country ; 
and is manufactured into soap of very fine quality. 

Cotton-seed-oil (Fk., Buile de Coton ; Geb., Baumwollenaamenbl ), — ^The seeds which are sepa- 
rated from the “lint ” or “ wool ” of the various kinds of cotton in the process of “ ginning ’ (see 
Fibrous Substances — Gossypium, p. 948) are valued for their oil. The utilization of this oil is 
assuming the importance of a distinct industry in the United States, where there are now upwards 
of 40 oil-mills, 9 being situated in Missis.-ippi, 9 in Louisiana, 8 in Tennessee, 6 in Texas, 4 in 
Arkansas, 2 in Missouri, 2 in Alabama, and I in Georgia. The quantity of seed treated for its oil 
now amounts to over 400,000 tons annually, and the increasing production of the oil may be 
gathered from the following figures, showing (a) the number of gallons exported, and (b) the home 
consumption: — year 1876-7, a 1,316,000, 5 2,000,000; 1877-8, a 1,457,000, ft 1,800,000; 1878-9, 
a 5,750,000, ft 2,425,000. The American process of extraction is as follows. The seed coming 
from the ginning operation (see p. 957) still has some fibre adhering to it, and has a tendency to 
accumulate in masses. These are thrown into a machine containing a screw-knife revolving in a 
trough, which divides the materials into particles fit for the screening operation. This is conducted 
first in a sieve with meshes that allow the sand and dirt to pass, while retaining the seed ; and 
then in one through which the seed can escape, but not husks and coarse foreign matters. The 
cleaned seed is next passed through a special gin for removing all remaining fibre (useful for 
paper-making and other purposes); and finally through a hulling - machine or decorticator, 
consisting of fixed and revolving knives set so close as to sever the seeds. The huller made by 
D. KahnweRer, 120, Center Street, New York, was favourably noticed at the Centennial Exhibition. 
Thus treated, the seeds are taken through one or more separators, which pass the kernels but 
retain the shells. The kernels are pressed into cakes between iron rolls, and are then placed in 
steam-jacketed iron tanks, 4 ft. wide and 15 in. deep, where, by constant stirring, and the action 
of dry heat obtained from injecting steam at 35 lb. a sq. in. into the jacket, the oil is liberated from 
the cells in the course of about 5 minutes. The heated mass is then filled into sacks and subjected 
to repeated hydraulic pressure, till most of the oil is extracted. This process of extraction is 
replaced in England by an improved method, described under a separate heading in the present 
article, see p. 1451. By the American plan, the yield from 1000 Ih. of seed averages 490 lb. of 
husks, 10 lb. of cotton, 365 lb. of cake, and 135 lb. of oil. 

In India, cotton-seed is used more as a cattle-food direct, than as an oil-yielder. By the native 
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mills, it affords 25 per cent of a good oil, which, if purified, might become of considerable com- 
mercial importance. The seed cannot safely be shipped without undergoing preliminary cleansing, 
otherwise it heats and deteriorates in bulk on the long voyage. Egypt exports large quantities of 
the seed to Marseilles and English ports ; the total exports for the season 1879-80 were estimated 
at 2,200,000 ardehs (260,000 tons), value 1,750,000/., of which, 98| per cent, was for the United 
Kingdom ; the oflicial figures are 1,282,770/. worth to Great Britain, 66,200/. to Prance, and 100/. 
to Turkey. The Turkish port of Adana shipped 3,389,375 lb. of cotton-seed, value 6740/., in 1878 : 
and Bagdad exported 134 cwt., value 189/., to Europe and India in tlie same year. Quantities of 
cotton-seed oil are produced in Ichang (Gliina). The native imports of this oil at Hankow in 1879 
Were 1333J piculs, value 2493/. The export of native-grown cotton-seed-oil from Shanghai to 
Chinese ports in 1879 was 1309} piculs. 

The yield of oil varies with the season and the locality in which the seed is produced. In the 
United States, it is reckoned that for each 1 lb. of ginned cotton there are 3 lb. of seed, or a total 
approaching 4000 million lb., half of which only is required for sowing. One authority estimates 
that 100 lb. of seed give 2 gal. of oil, 48 lb. of oil-cake, and 6 lb. refuse fit for soap-making ; another 
says that 1 ton of American seed gives 20 gal. of oil ; a third, that the oil product is 37 per cent, of 
the weight of the kernels ; a fourth, that 2 gal. of oil and 96 lb. of cake are afforded by 1 cwt. of 
seed ; a fifth, that 1 ton of cotton material yields at the rate of some 35 gal. of oil. The crude oil 
is often dark and turbid ; when refined, it assumes a dark sherry-colour, has a pleasant, sweetish 
flavour; sp. gr., 0 • 925— 0 • 9306 ; congealing-point, 1° (34° F.); and is largely used in adulterating 
other oils, as linseed-oil, sperm-oil, and lard-oil, for painting, burning in lamps, and lubric.iting. 
It is extensively mixed with olive-oil, and often replaces it altogether ; as a preventive measure, 
the Italian Government has levied a heavy duty on its importation. Large quantities of it are 
consumed by soap-makers, in combination with other oils and fats. For lubricating purposes, some 
manufacturers prepare a “ winter oil ’’ from it, which does not thicken in cold weather, by pre- 
cipitating and removing the steiirine ; hut its gumminess must limit its application. Its value in 
New York is about 18-20(/. a gal. The cake remaining after the expression of the oil is invaluable 
as a cattle-food and as a fertilizer, and is an important article of commerce. In 1880, Galveston 
(U.S.) exported 399,841 lb., of cotton-seed, value 459/. ; and New Orleans, 255 sacks of cotton-seed> 
and 8137 barrels of the oil, besides 3480 barrels of “ soap-stock.” 

Coumu-oil. — Three or more species of (Enocarpus which are common on the Amazon, notably 
thepatawa (®. Batuwu), the haeahi ((E. Bacabu), and (E. disticha, bear oleaginous nuts, whence the 
Indians extract clear, fluid, greenish-yellow oils, which, when purified, are inodorous, of sweet 
flavour, excellent for cooking and lighting purposes, and used in Pari for adulterating olive-oil. 
The second-named is said to make good soap. 

Crab-, Carap-, or Andiroba-oil (Fb.. BuHe de Carapa; Ger., Coropu/e//).— The nuts of 
Carapa guiunensis IXylocarpus Carupa, Fersoonia guarcoides'] afford a fatty oil. The tree grows 
numerously in the forests of Guiana, where it is called carapa and andiroba; it is found more or less 
commonly throughout tropical America and the W. Indies. It is remarkably abundant in Brazil, 
and any quantity of the oil can be obtained at Para and Manaos. Tliu nuts are so plentiful in the 
district of Cachipour, in French Guiana, as to cover the ground for more than a foot in depth over 
an area of several miles. There is a dual harvest— in Jnne-July, and again in October. The oil is 
extracted from them in the following manner ; — The seeds are boded without being shelled, and 
exposed to the air for 8-10 days, to allow the oil to develop itself ; they are then removed from the 
shells, and ground into a paste, which is placed in vessels exposed to the sun, taking care to set 
them on an incline, so that the exuding oil may run off. This first-run oil, ordinarily quite fluid, is 
put aside for domestic applications. The residue, on being pressed, yields another product, having 
the consistence of grease ; this is less esteemed, and is used only for lighting and similar purposes. 
The exce.ssive bitterness of the oil repels all insects, and it is therefore used for anointing, and for 
preserving wood. For the former application, it is extracted by peeling the seeds and exposing 
them to the sun on long strips of bark, inclined so that the oil may escape into receptacles ; tliis is 
then mixed with aunatto, and takes the name of touloumaca. For application to timber, the oil is 
mixed with pigments or tar. The yield of oil from the seeds amounts to 70 per cent, of their weight. 
The oil acquires a solid consistence in Europe. It contains a large proportion of stearine, associated 
with oleine and margarine. It makes an excellent soap, and is said to be a valuable lubricant, pro- 
tecting iron and steel from rust in a remarkable degree. It received a prize medal at the Exhibi- 
tion of 1851. Similar products are Mote-grease, and an oil obtained from Carapa moluccensis 
(see pp. 1395-6). 

Croton-oil (Fb.. ffuile de Croton, de Graines de Tdltj, de Graines des ilolw^ues, de petits Pignons 
d’lude). — The valuable medicinal agent known as croton-oil is obtained from the seeds of Croton 
Tigliutn [Tiglkm officinaWl, and what are probably equally useful oils are afforded by several other 
species, noticed below. C. Tigliuni is a small tree (15-20 ft. high), indigenous to the Malabar Coast and 
Tavoy, and found cultivated in gardens in Bengal, S. India, Ceylon, Burma, the Indian Archipelago, 
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the Molaccas, and even in Hanritios. The fruits contain 3 seeds, measuring J in. long and | in. broad, 
whose kernels afford 5(1-60 per cent, of fatty oil. This is extracted by grinding the kernels, and press- 
ing the meal in bags between iron plates ; the oil is allowed to stand for 15 days before being fil- 
tered. The solid residue from the expression is saturated with twice its weight of alcohol, and heated 
on a sand-bath at 4;9°-60° (120°-140° F.) ; the mixture is pressed again, the alcohol is distilled off, 
and the oil is filtered after standing for a fortnight. The product obtained by this process from 2 lb. of 
seed is 6 fl. oz. of oil by the first expression, and 5 fl. oz. by the second. Occasionally the seeds are 
roasted before being pressed. The oil is orange-yellow or sherry-coloured, of the consistence of nut- 
oil, with a slight odour resembling that of jalap-resin, and an acrid flavour. It is powerfully 
cathartic. Its sp. gr. is 0 ■ 942. It becomes turbid at a moderate degree of cold, and, exposed to the 
air, slowly changes to a thick viscous mass. It dissolves in 23 parts of alcohol of sp. gr. 0 • 848, 
but its solubility in this medium seems to vary according to the age of the oil and the 
freshness of the seeds yielding it, and increases as it becomes more oxidized. The oil con- 
sists largely of stearic, palmitic, and other fatty acids combined with glyceryl as fats, but con- 
tains other bodies which are the origin of the peculiar properties that render the oil serviceable in 
medicine (see Drugs, p. 809). The oil prepared in India is largely adulterated with castor-oil and 
the oil of the physic-nut. The seed is therefore imported, in cases, bales, or robbins, chiefly from 
Cochin and Bombay, and the oil is expressed in this country by one firm only, it is believed. 
Precautions are necessary iu handling the seed and extracting the oU, on account of the powerful 
ill effects manifested upon the workmen. Medicinal oils having precisely similar applications 
among native practitioners, but which have not yet been scientifically investigated, are yielded by 
the seeds of C. oblongifolium iu Bengal, G. Pavanum in Assam and Burma, especially Camrup and 
Ava, and C. polyandrum \_Baliospermum monianum, pdyandrum, indicum ; Jatropha montana] in S.-W. 
India, Bengal, Nepal, Sikkim, and Burma. 

Dika-fat. — The seeds of ireingta Barteri, the dika of W. Africa, afford 60 per cent, of a solid 
fat resembling cacao-butter, fusing at 30°-33° (8(i°-91J° F.), containing myristine and laurine, and 
capable of making very fine soaps. Much of the dika-fat imported into this country is almost as 
hard as stearine, with a reddish colour from suspended impurities, and a fatty acid melting at above 
49° (120° F.) ; its soap is very hard. 

Dilo-, Domba-, Pinnay-, Poon-seed-, or Tamanu-oil. — This oil of many names is the 
produce of Calophylluin inophyllum \bmtagor\ a large and very handsome forest-tree, of wide distri- 
bution in the E. tropics. It is found in the western peninsula of India, from Concan and Orissa 
southwards ; in Ceylon ; in the eastern peninsula, from Pegu southwards ; in the Andaman Islands ; 
in Java and the Malay Archipelago ; and in most of the island groups of the S. Pacific, as the Fiji, 
Society, Marquesas, Cook’s, and New Caledonia Islands. The tree prefers a moist sandy soil, thrives 
best within the range of sea-breezes, and is even not averse to land impregnated with salt water. 
Commencing almost on the sea-beaches, it follows the streams up the valleys, spreading where the 
ground is suitable ; but inland it is of tare occurrence, and probably will not grow beyond a 
certain distance from the sea. It propagates itself with great readiness, the seeds germinating where 
they fall in the shade of the parent tree; they may be transplanted when 9-10 in. high without risk, 
needing an occasional watering, and protection from cattle, till 5-6 ft. high. Commonly the seeds 
are sown in the place which the trees are intended to occupy, without any transplanting. The trees 
are fruitful at the 5th year, and yield 2-3 harvests of oil-seeds annually, according to the locality. 
In Bengal, Orissa, Madras, Travancore, and S. India generally, there are usually 2 crops yearly, in 
August-September and February-Maroh, though the tree is in flower and fruit during the greater 
part of the year. 'When three gatherings are made, they take place in June-July, November- 
December, and February-Maroh. Iu Tanjore, 437 acres are occupied by this culture, the produce 
being an average of 24f cuUums of seed per acre, yielding 2670 maunds of oil. A nursery of 
young plants has been started in British Burma, and promises to be a complete success as an indus- 
trial enterprise. In the Andamans, the tree attains an enormous size. In Java, it is largely culti- 
vated for its shade and fragrarit flowers, and is called njamplong and bientangoor. Formerly, it 
was exceedingly abundant in Tahiti, and is still to be found there in great numbers in some 
districts, though the natives have out down very many for the sake of the timber, which is highly 
esteemed for some purposes (see Timber — Caiophyllum). 

The fresh seeds when shelled afford a large quantity of oil, amounting even to 60 per cent, 
by weight. In India, this is extracted in the following manner. The mature seeds are gathered, 
and beaten with a small wooden hammer or similar instrument, to separate the shell from the kernel ; 
the latter is then cut into slices, sun-dried, and triturated in the common country mill. The 
result is a yield of about 33 per cent, of a dirty, dark-green, disagreeably odorous oil, the thick- 
ness and depth of colour augmenting with the age of the seed. No method of refining is attempted. 
The cake is used as fuel, and sometimes for illuminating, but is not consumed as eittle-food, nor 
applied as a manure. It is said that, in the Calcutta market, this oil cannot compete with castor- 
oil for industrial purposes in its present crude condition, though in Burma it fetches about 4 times 
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the Calcatia price of castor-oiL Doubtless it might he very much improved by extracting it by 
means of simple hydraulic pressure, instead of subjecting it to the friction of the mill. Tn the 
Society Islands, the kernels are exposed to the sun for about two months, reduced to powder, and 
pressed in linen sacks. When the oU ceases to run, tlie cakes are broken up, exposed to a 
gentle heat to coagulate the albumen, and again put under the press. Thus a second flow of oil is 
induced. The first exudation would be much facilitated by warming the powder, but the product 
then becomes much more quickly rancid. The usual results of the operation are stated thus : — 
100 lb. of entire nuts give 39 lb. of kernels; 100 lb. of kernels give 41 lb. of oU by the first 
expression, and an additional 40 lb. by the second, or a total of 81 per cent. In Fiji, the mature 
fruits are allowed to fall to the ground, and lie until the fleshy covering has rotted. The remain- 
ing kernels in their shells are baked on hot stones ; the shells are then broken, and the kernels are 
ground to powder. The macerated mass is then placed in an exceedingly rough kind of filter- 
press, made of the fibre of one or more species of Hihiscus (see Fibrous Substances, pp. 961-2), and 
thus a portion of the oil is extracted. The pressure is quite inefiScient, aud much of the oil is 
thereby wasted. It wUl be noticed that preliminary heating of some sort is common to all the 
processes, probably indicating that the oU does not exist ready formed in the kernels, but is deve- 
loped by heat. 

The oil varies in colour from greenish-yellow to deep-green, possesses a peculiar disagreeable 
flavour, aud an odour which is described as fragrant by some but unpleasant by others. These 
qualities are all ascribed to the resin which it holds in solution. The oil may be separated from 
this resin by treatment with alcohol, the resin being dissolved by this agent, while the oil remains 
insoluble. The latter is also insoluble in ether and chloroform. Treating with 2 per cent, of sul- 
phuric acid, and subsequently washing with hot water, is perhaps a simpler and cheaper method of 
purifying the oil. The sp. gr. of the oil is 0-9347. Its congealing-point and boiling-point are not 
known ; it is liquid at ordinary temperatures, begins to thicken when cooled below 10° (50° F.), 
but is said not to be solid at —4° (25° F.). Locally, the oil has a great reputation as a remedial agent 
in rheumatism and similar affections ; it is also employed for ointments, and largely as an illumin- 
ator, but not for culinary purposes. As regards its future utility, experiments show that, when 
freed from the resin, it makes an excellent, coloured, aromatic soap ; it mixes readily with pigments, 
and, appUed as paint, whether previously boiled or not, dries completely within 12 hours. For- 
merly there was a considerable export of the oil from Madras, the shipments in 1847-8 having been 
3871 gal. of the oil and 508 cwt. of the seed, to Ceylon and the Straits. 

The tree further affords a resin (see Besinons Substances — Tamanu). 

The seeds of the Indian species <7. WuUkeri {decipiens] of S. India and Ceylon, and C. Wightiamm 
[spunum, decipieng] of the mountains on the W. coast of the W. Peninsula, yield oils differing but 
little from that obtained from C. inophyllum, and are probably the sources of the oil erroneously 
referred to C. Calaba, which is not an E. Indian tree. Other species afford Calaba- and Keenatel- 
oils (see pp. 1379, 1392), the former in the W. Indies, the latter in Ceylon. 

Dogwood-oil. — The berries of the dogwood (Comas sanguinea), in Italy, Siberia, and Cashmere, 
are utilised for their oil. It is extracted by crushing the entire berries, boiling them, and skimming 
off the oil as it rises : the albumen is then removed by boiling the crude oil in water strongly 
acidulated with sulphuric acid. Properly prepared, it is edible, and said to be so applied in Italy • 
more usually it is applied as a lamp-oil ; it also makes good soap. In Germany, an illuminating- 
oil is obtained from another so-called “dogwood-” or skewer wood-tree {Euonymus europceus). 

Gamboge-butter. — The seeds of the Garcituapictoria(see Pigments— Gamboge), a good-sized 
tree, common in the forests of Coorg and W. India generally up to 3500 ft., afford a yellow-coloured 
semi-solid fat, which is used by the better natives as a lamp-oil, and by the poorer as a substitute 
for ghee. It is extracted by pounding the seed in a mortar, and boUing the paste until the oil rises 
to the surface. 

GingeUy-, Sesame-, Til-, or Berme-oU (Fa., Haik de Shame-, Geb., feamo/).— Gingelly- 
oil, whose name is variously spelt, is obtained from the [seeds of Sesamam indicum [oWentafe] 
an annual plant 2-4 ft. high, indigenous to India, but long since propagated by cultivation in 
almost all tropical and sub-tropical countries, and now found nowhere in the wild state. There 
appears to be only one true species, but Indian cultivators distinguish two varieties— a white-seeded 
called s«/ed-fr7; and a black-seeded, caUed hala-tH. The two kinds are by them never sowm 
together, but each is grown as a mixed crop with other plants. The white-seeded, commonly called 
“ second sort,” is sown in June, and ripens in August ; the black-seeded, or “ first sort ” which is 
much the more common, is sown in March, and ripens in May. The mode of cultivation usnaUy 
adopted is sufficiently simple. Ploughing is commenced towards the end of February, and is com- 
pleted before the middle of Match. If no rain has fallen some time previously, the field is irrigated • 
it is then ploughed three times, the seed being sown broadcast immediately before the 3rd ploughing’ 
by which it is covered. Sometimes manuring and weeding receive attention, and occasionally a 
second irrigation is given. The soil preferred is red loam, but sand is also suitable. The crop is 
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generally considered exbansting. It is commonly reckoned that an acre requires bush, of seed, 
and yields l§-2 bnsh., occupying the land for about 3—4 months. When ripe, it is cut down, and 
stacked for 7 days ; it is then sun-dried for 3 days, being collected into a heap at night, and kept in 
heap on alternate days between the sun-drying. This causes the bursting of the pods and the 
liberation of the seed. The latter is subjected to frequent washings in cold water, and subsequent 
exposure to the sun, with the object of bleaching it, and the oil is extracted by pressure. In India, 
the common yield is 2 qt. of oil from 9 lb. of seed ; it may be said to range between 45 and 50 per 
cent, by the commercial processes in vogue, though it is present to the extent of 56 per cent, and 
upwards. 

In Europe, the plant does not succeed well so far north as S. Prance ; it is grown on a very 
small scale in N. Italy (near Bologna and Lucca), Sicily, Malta and Gozo, and to some extent in 
portions of Greece and Turkey; Gallipoli exported 945 quarters, value 40801., iu 1871; and the 
two Greek provinces of Calamata and Messenia produced 68,000 lb., 535Z., in 1880. In most 
parts of Asia, it is a familiar crop. The Turkish dominions produce very large quantities of the 
seed, as may be judged from the fact that, in 1878, the port of Adana shipped 9,736,787 kilo., value 
92,7951.; Aleppo, 1227 tons, value 22,0861., to France, 108 tons, 19441., to Turkey, 59 tons, 10621., 
to Italy, and 4 tons, 721., to Egypt, total, 1398 tons, 25,1641. ; Bagdad, 1380 cwt., 8431., to Europe ; 
and in 1879, Jaffa exported 13,750 tons, value 24,4441., to Europe. The Jaffa produce goes almost 
entirely to Marseilles, where it is highly esteemed as affording the finest culinary oil. The Persian 
exports in 1879 were 10,500 rupees' worth of seed from Bushire, and 6500 rupees' worth of oil from 
Lingah. There are few districts in India that do not cultivate the plant; but the culture might be 
immeasurably extended, and the seed (or oil) be remuneratively exported to Europe. The Madras 
presidency is said to have 870,000 acres under this crop, chiefiy in the Godavery district. The 
white seeds produced in Sind are said to yield the finest Indian oil. The exports of seed from 
India were 1,039,687 cwt. in 1879. Ceylon grows large quantities of gingeUy-seed. Eastwards and 
northwards, the culture extends throughout the Corea, Siam, China, Formosa, and Japan. Bangkok 
exported 50,000 cwt. in 1868. and 77,000 cwt., 183,0091., in 1870; the exports in 1875 from Siam 
were 13,193 jnculs (of 133^ lb.), value 21,0031. Formosa exported 46,000 piculs of seed in 1869, 
but only 3700 cwt. in 1871. Kiungchow exported 12,295 piculs, value 12,8321., in 1877, 13,011^ 
piculs, 13,9791., in 1878, and 21,864^ piculs, 23,1271., in 1879. Chefoo exported 329,745 lb., value 
13681., of gingelly- and mustard-seeds in 1878. The total exports and re-exports from Hankow in 
1878 were 352^ piculs of seed, and 320 J piculs of oil; the exports of oil alone in 1879 were 201 
piculs, value 3331. Much oil is produced in the district of Ichang. Shanghae, in 1879, im- 
ported 7094J piculs of native gingelly-seed, 1375i being for local consumption ; the exports were 
382i piculs to foreign countries, 150 to Hong Kong, and 1645J to Chinese ports. Taiwan exported 
1963i piculs of seed in foreign bottoms in 1879. Among African countries, Egypt stands first, 
affording the chief supplies for the European markets, especially Marseilles, where the expres- 
sion of the oil is extensively carried on. From Egypt, the culture has spread to Moroeeo; from 
Tangier, 92 cwt. of the seed, value 1151., were shipped to Great Britain in 1878. In E. Africa, the 
plant grows everywhere on the coast, and extends far into the interior, Mozambique and Zanzibar 
furnishing considerable quantities of the seed. The mode of extraction practised here is to pound 
the dry seed in a mortar, adding a little hot water when the oil begins to appear, and then squeezing 
the mass with huge pestles ; the supernatant oil is ladled out as it exudes. On the W. coast of 
Africa, gingelly-culture is becoming popular. Senegal exported 600 cwt. of the seed in 1870. 
Lagos (where it is called “ beni-seed ”) shipped 729 tons in the same year ; but since that date, there 
is a remarkable falling off— 46 tons in 1875, 284 in 1877, and 43 in 1878. All over Angola it should 
become an important product, as the plant will grow near the caist, in soil too arid for the 
ground-nut. On the American continent, the plant ranges from the United States, through Central 
America, into British Guiana, and other portions of S. America, besides being grown in the W. 
Indies. In the United States, it flourishes in poor, dry, sandy soils, scarcely fit for any other crop, 
and receives no manure. The seed is sown in drills, 3-4 ft. apart ; the plants are thinned to 
12 in. or more in the drill, and kept clear of weeds. Sowing takes place as soon as the frosts are 
over ; in the Gulf States, it lasts from 1st April till June. In the autumn, the leaves fall off before 
the pods expand, and are left to manure the land. The stems are then cut, bound in sheaves, and 
stacked in the field to dry for a few days, taking no harm from rain. When the pods are quite 
drv, they are simply shaken over a large sheet spread on the ground. The yield of seed is estimated 
at 20 bush, to the acre, but much is probably wasted. In Georgia, the return of oil is found to be 
9J gal. from 3 bush, of seed. 

In France, where this oil is very largely prepared, it is usual to subject the Levant seed, which 
is considered the best, to three processes of expression. After the first simple expression, affording 
superfine (surfine') oU, the cakes are softened with cold water, and again pressed (pression it froid or 
froissage), and finally they are treated with steam and hot water for a third pressing (pression a chaud 
or rubai'). The average product from 100 lb. of seed is 30 lb. of oil by the 1st pressure, 10 lb. by 
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the 2tti, and 10 lb. by the 3rd. Calcutta seed gives only 47 lb. : 36 lb. by the pression a froid, 
and 11 lb. by the pression a chaud. Bombay seed affords also 37 lb.; 25 lb. superfine, 11 lb. by 
the pression a froid, and 11 lb. by the pressioa a chaud. This last is contrary to the experience 
of Dantzig seed-crushers, as mentioned previously. The commercial oil has a sp. gr. of O' 923 
at 15" (59° F.), and some extracted by ether, 0'919 at 23° (73J° F-b This latter solidified at 
5° (41° F.), becoming turbid at several degrees above this point ; yet the congealing-point of the 
ordinary oil is placed at 0° (32° F.) by Prof. A. B. Prescott, and at —5° (23° F.) by Dr. Pohl. 
It commences visible ebullition at 100° (212° F.). At ordinary temperatures, it is more fluid than 
ground-nut-oU, and is less liable to change under the influence of the air; indeed, when well pre- 
pared, it is said to keep for years without manifesting any rancidity. The oil is essentially composed 
of oleine, which is sometimes present to the extent of 76 per cent., but it is not invariable in 
commercial samples. Among the other fatty acids, are stearic, palmitic, and myristio. The oil is 
frequently adulterated with ground-nut-oil. It is said that 10 per cent, of giugelly-oil in admixture 
with other oils may be detected by shaking 1 grm. of the oil with 1 grm. of a mixture of sulphuric 
and nitric acids previously cooled, when a fine green colour is produced which no other oil exhibits. 
The local uses of giugelly-oil are for cooking, medicine, anointing the body and hair, absorbing 
the fugitive odours of plants, and illumination. In Europe, the superfine quality largely replaces 
olive-oil for domestic purposes, and the other grades are employed by soap-makers. 

Gold-of-Pleasure-oil (Fn., IfuUe de Cameline'). — ^'I’he plant known in England as “gold of 
pleasure” (Camelina satica [Myagrum satimurif) is cultivated to a considerable extent on the Con- 
tinent, for the sake of its oleaginous seeds. It thrives on light, shallow, dry soils, and the crop 
scarcely fails on laud of the poorest description. It is very hardy, enduring both drought and wet ; 
and, grown as a rotation crop, is said to allow the ground to recover itself, doing well after corn- 
crops. In S. Europe, it matures so rapidly that two crops are taken off in a season ; in the colder 
portions of the Continent, as N. France, Germany, Holland, and Belgium, though not giving a 
double harvest, it may be sown in June- July, when other erops have failed, or, if sown early, can 
be removed in time for root-crops and gras.ses. The spring sowing usually takes place in March- 
April ; the autumn, in August. The quantity of seed required is about 14 lb. an acre ; it is sown 
either broadcast, or in shallow drills 10-12 in. apart. It is ready for the sickle about 3 months after 
appearing above ground ; the seed is ripe when the pods change from a green to a golden colour, 
and care must be taken to cut the crop before the seed is too ripe, or much will be lost. The 
stems when reaped are bound in sheaves, slacked, and threshed like other grain. Over 30 bush, of 
seed, yielding 540 lb. of oil, have been obtained from an acre. The oil is extracted by pressure, 
much in the same manner as other seed-oils. It has a clear golden-yellow colour, and peculiar, mild 
odour and flavour ; its sp. gr. is 0'925 at 15° (59° F.); it congeals at —19° (—2° F.), forms a soft 
soap, and dries rapidly in the air. When fresh, it burns well, without smoke. It is much used in 
the localities of production as a lamp-oil ; also for dressing woollen goods, making soft-soap, and in 
painting. The chaff from the seeds is eaten by horses, but the oil-cake is too acrid for cattle-food 
when used alone. The stems yield a fibre (sec p. 934). 

Grape-stone-oil (Fa., Huile de Fepins de Jtms.ns).— The “stones” or seeds of the common 
grape (Fifjs viniferd), elsewhere described (see Beverages, p. 432; Fruit, p. 1027), have bee;a 
utilized for their oil in Europe for more than a century. In S. France, it is computed that an 
average of 1 lb. of seeds is furnished by the grapes converted into 1 gal. of wine, so that the produc- 
tion is considerable as a whole. The seeds of black grapes contain much more oil than those of 
white ones; and those obtained from vines in full vigour are more oleaginous than those gathered 
at other periods. Generally speaking, the seeds of black grapes give 15-18 per cent, of oil ; of white 
ones, 10-14 per cent. In France, the vines of Roussillon, Aude, and Herault afford the most oil. 
It is probable that American, especially Californian, vines may yield more oil than French vines. 
The preparation of the oil from grape-seeds is largely carried on in S. France, and in those parts of 
Italy where vine-culture is common, and olive-culture is rare, notably Lombardy. 

The seeds chosen for the purpose are separated as promptly as possible from the refuse result- 
ing from the distillation of brandy (see p. 201) or the manufacture of verdigris (see p. 30); 
they are rendered perfectly clean, and most completely dried in the sun and air, and are then 
ground to a fine flour in ordinary mills, the fineness of the grinding having a direct influence 
on the yield of oil. Some manufacturers first subject the flour to a cold expres.sion, and extract 
about 5 per cent, of oil, afterwards repeating the pressure with heat, and obtaining an additional 
10-15 per cent. A more detailed operation sometimes adopted is as follows. The flour is moistened 
with a little water as fast as it emerges from the mill, and is then thrown into open boilers ; a hole is 
made in the middle of the flour by the hand, reaching to the bottom of the vessel, and into this 
some water is poured ; a slow fire is then kindled under the boiler, and the contents are unceasingly 
stirred, to thoroughly incorporate the water with the flour ; the fire is withdrawn as soon as the heat 
is greater than can be borne by the hand inserted in the mass, and the latter is placed in ba^s and 
immediately pressed. 
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The oil has a clear yellow colour when fresh, becoming brownish-yellow with age ; it is inodorons, 
and of faint flavour. Its sp. gr. when new is O' 918; in a short time, it increases to O' 920 at 15° 

(59° F.). It solidifies at —13° 16° (9°— 3J° F.); becomes viscid and rancid when exposed 

to the fiir ; and saponifies readily, but gives a soap lacking hardness and density. It is said to con- 
tain chiefiy erucic acid, with some stearic and palmitic acids, combined as glycerides. The fresh 
oil is used in Italy for culinary purposes, being considered superior to nut-oil, and but little inferior 
to olive-oil. It is valuable for illuminating, emitting a bright light quite free from smoke. It has 
been recommended as a lubricator, on account of its low cougealing-point, but its drying properties 
preclude its use in this direction. 

Gronnd-nut- or Aracllis-oil (Fa., Hulle d' Arachide,de Pistache de Pi-re; Cek., Erdnussol ). — 
The ground-nut (see p. 1357) is very widely cultivated for the s:ike of its oily seeds. In Java, the oil 
is extracted by drying the seeds in the sun, and then subjecting tliem to pressure. In European 
mills, the nuts are first cleaned, then decorticated, and winnowed, by which the kernels are 
left perfectly clean. These are crushed like any other oil-seed, and put into bags, which are intro- 
duced into cold presses ; the expressed oil is refined by passing through filter-bags. The residual 
cake is ground very fine, and pressed under 3 tons to the inch, in the pre.sence of steam-heat ; this 
affords a second quantity of oil. Inferior in quality to the cold-pressed. The usual product is 1 gal. 
of oil from 1 bush, of nuts by the cold process, besides the extra yield by the hot-pressing. In Franco, 
where the oil is most largely prepared, 3 expressions are adopted, as with some sorts of gingelly ; the 
first gives about 18 per cent, of superfine oil, fit for alimentary purposes ; the second, after moisten- 
ing with cold water, atibrds 6 per cent, of a fine oil, suitable for lighting and for woollen-dressing ; 
the third, after treating with hot water, yields 6 per cent, of rabat, or oil applicable only to soap- 
making. In India, the total mean yield is 37 per cent at Pondicherry, and 43 in Madras. The cold- 
pressed oil is almost colourless, of agreeable faint odour, ami bland olive-like flavour. The best has 
a sp. gr. of about 0'918, or 0'9163 at 15° (59° F.); it becomes turbid at 3° (37J° F.), concretes at 

—3° 4° (2Gi°-25° F.), and hardens at — 7°(19J° F.). By exposure, it changes very slowly, but 

thickens with time, and assumes a rancid odour and flavour. As an illuminating-oil, it has feeble 
power, and its chief industrial uses are for soap-making and lubricating, particularly the former. 
Locally, it is employed for cooking and burning, and as a general substitute for olive-oil. Indeed, 
very large quantities are readily passed off as olive-oil in European markets. As a rule, the seeds 
are exported in a raw state to such centres as London, Marseilles, Bordeaux, Nantes, Dunkirk, 
Hamburg, and Berlin, where they are crushed, and the oil passes into general commerce without 
maintaining its identity. Thus statistics concerning it are meagre. Pomlicherry exported 99,330 
veltes (of 1 '64 gal.) of the oil in 1860 ; but the most extensive foreign trade in the oil takes place 
with China. Thus Shanghai, in 1879, imported 1601^ piculs (of 133^ lb.) from Chinese ports, and 
exported 8167i p’culs to Chinese ports, and 840J to foreign countries ; in 1878, the exports to foreign 
cormtries were 786 piculs. The lowest estimate of the annual export from Pakhoi is 90,000 piculs. 
Hankow, in 1879, imported 651 picats, value 14971.. of native oil. The nuts from the Galam district 
(W. Africa) are most esteemed for their yield of oil and the thinness of their shells. 

Hazel-nut-oil (Fa., Muilc de Noisettes ^. — The hazel-nut (see p. 1358) aflbrds about 60 per cent, 
of oil, which, in some parts of continental Europe, is extracted by pressure, in the same manner as 
almond-oil. It is limpid, clear-yellow in colour, and of sweet and agreeable flavour ; it congeals at 
— 19° (—2° F.) [some say at — 10°(14°F.)]; has asp. gr. of 0-924 at 15°(.59°F.); and soon becomes 
rancid. Its chief application is for perfumery. Other wild species in India and elsewhere probably 
yield similar oils. 

Hempseed-oil (Fb., Ruile de Chanvre, de Chenevis; Gee., Ranfol ). — The seeds of the hemp- 
plant, so well known as a fibre-producer (see Fibrous Substances, p. 934), are valued for their nil. 
It is from Russia and Lorraine that the seed for expressing mostly comes. When the fibrous 
stems are tied in bundles, the seed is rudely threshed out, and spread in thin layers under cover to 
dry. The extraction of the oil is performed in the same manner as with other seed-oils, described 
in a separate section of this article (see p. 1451). The proportion of oil contained in the seed is 
about 34 per cent, on an average ; the yield varies from 25 to 30 per cent. The oil is at first 
greenish- or brownish-yellow, deepening with exposure to the air; the flavour is disagreeable, and 
the odour is mild. It has a sp. gr. of 0'9252 at 15° (59° F.) ; it thickens at —15° (5° F.), and 

solidifies at —25° 27J°(-13° 18° F.); it dissolves in 30 parts of cold alcohol and any 

proportion of boiling; it saponifies with difficulty, forming a soft soap, but less soft than that 
from linseed-oil. It is locally consumed" largely for lighting, but its most important application 
is for making soft-soaps. The exports of hempseed from Riga were 21,011 qu irters in 1875, and 
78,690 in 1878 ; and in 1879, 725,809 poods (of 36 lb.) of the seed, and 573 of the oU. In 1872 (the 
date of the latest return), Russia had 812,630 acres under hemp, which yielded 14,410,000 bush, of 
seed. In France, 238,100 acres under hemp in 1874 produced 1,263.424 bush, of seed. 

Hickory-nut-oil. — From the seeds of several species of Cunja (see Nuts, p. 1358), excel- 
lent oil for illuminating and lubricating purposes has been extracted in Ohio. It continues 
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fltdd at very low temperatures, and is used for delicate machinery, and even for watches, when 
refined. The pig-nnt (C. glabra) is preferred, on account of its thin shell and greater yield of oil, which 
is bitter. The oils from the “ shell-bark” and the large sweet hickory-nut are very palatable, and 
might come into table use. 

Horse-chestnut-oil (Fa., HuHe de Marron delude, de Fecule ). — The whole fruit of the horse- 
chestnut (see Nuts pp. 1352-3) contains two fixed oils, one in the case, which is'greenish-coloured, 
and a second in the kernel, of an orange-yellow tint. The proportion of oil in the kernel is very 
small. Chemists have detected by analysis a quantity varying from 3 to 5J per cent., reckoned 
upon the green kernels ; but the highest yield obtained in practice has been 1 J per cent., even when 
treating 2 cwt. at a time. Nevertheless some hundreds of ewt. of the oil have been made in France, 
cbiefiy by EmUe Genevoix, a Parisian druggist. He employs the unpeeled kernels, and proceeds 
by destroying the starch present by boiling them with water acidulated with sulphuric acid, and 
collecting the oil which fioats upon the surface. He remarks that the production of the oil is certain 
only when acting upon large quantities, that the water plays an important part in the operation, 
and that every precaution is necessary to prevent the oil being saponified during the process. The 
fresh oil seen in bulk is greenish-brown, with an empyreumatic odour, and a peculiar flavour ; these 
qualities are intensified by age. It is remarkably slow to become rancid, and may be kept almost 
indefinitely. On the Continent, it has a great reputation as a cure for gout, rheumatism, and 
neuralgia. 

niipi-butter. — The almond-like fruit-kernels of Bassia longifolia afford a semi-solid fat. The 
tree flourishes in Malabar and on the Coromandel coast. The seeds contain about 30 per cent, of 
oil, 12J lb. of them yielding about 2 gal. of oil by the ordinary rude native way of expressing. The 
oil will not keep for more than 2-3 weeks in the Indian hot season ; it then becomes rancid, and 
emits a disagreeable odour. When well secured from contact with the air, it will keep for some 
months in cool weather. Its colour is usually bright-yellow, varying somewhat according to the care 
used in preparing it. It is eaten as a substitute for ghee, is burnt in lamps, and is employed in the 
manufacture of country soap, and for external medical application. The cakes left after the 
expression are used for washing the head, and form an article of trade. Fats from other species of 
Bassia are described under Mahwa-oil (p. 1394), Phulwara-oil (p. 1408), and Shea-butter (p. 1410). 

Jupati-oil. — The fruit of the jupati-palm, Maphia [Sofftis] toedigera, which is equally or more 
important as a fibre-plant (see Fibrous Substances, p. 994), affords a yellowish, bitter oil, by 
decoction and expression, used locally for soap-making. 

Ksnari- or Java-almond-oil.— The kanari or Java almond (Canarium ccmmune) is indi- 
genous in the Moluccas, where it affords shade to the nutmeg plantations, and is cultivated also in 
Java, throughout the Indian Archipelago, in Malabar, and on the Indian peninsula. It bears a nut 
resembling the almond in shape and flavour, but much exceeding it in size. The nut affords a very 
large proportion of oil by simple expression. This oil is prepared by the inhabitants of the Moluccas 
on an extensive scale, and is in general use among them for cooking when fresh, and for burnin>' in 
lamps, superseding coco-nut-oil. In India, also, the oil is employed for all culinary purposes and 
is considered purer and more palatable than coco-nut-oil. The nut is very generally eaten without 
being deprived of its oil. The trees of this genus also afford gums or resins (see Kesinous Sub- 
stances). 

Eatiow-oil. — This is extracted by the natives of Borneo from the seeds of a tree, chiefly pro- 
duced on the Sadong, Linga, and Kallekka rivers, and exported to Sarawak and other places. It 
is yeUow-coloured, and has an odour precisely resembling almond-oil ; it is valued locally for cook- 
ing and for lamps, burning with a bright flame and pleasant aroma. It is very cheap and abundant 
and might be valuable to soap-makers and perfumers. ’ 

Eeenatel-oil. — The seeds of CalopAgllum tomentosum yield a great quantity of oil in Ceylon, 
where it is used in lamps. 

Eikuel-oil. — ^This name is sometimes applied in India to the fatty oil of some species of 
Sahadura. It is a solid fat, of a dull, sulphury-yellow colour. 

Eukui- or Kekune-oil (Fb., Haile de Mix de Bancoul.)—AD oil bearing a multitude of names 
is obtained from tbe candle-nut (see p. 1352). It is the most important product of the tree, and con- 
stitutes about I of the entire weight of the kernel of the nut. A great obstacle to its wider 
development is the difficulty encountered in extracting the kernels from the shells, both on account 
of the extreme hardness of the latter, and the obstinacy with which the two adhere. Boilino- is out 
of the question, as the kernels are cooked long before the shells are affected ; but there is every 
reason to suppose that a slight roasting would have the desired effect, inasmuch as this plan seems 
to be adopted successfully by the Samoans. The weight of the shells necessitates this treatment 
being performed on the spot, and, as the kernels quickly become rancid and dark-coloured after 
liberation, they must also be operated upon without removal. The local cheapness of labour is an 
additional argument in favour of preparing the oil at the places where the nut grows. The 
extraction of the oil is very simple. In Jamaica, Polynesm, and the E. Indies, 50 per cent is 



LINSEED-OIL. 


1393 


obtained by boiling tbe kernels In water ; by reducing the kernels to meal, beating in a water-bath, 
and placing the mass in bags under hydraulic pressure, the yield is about 60-66 per cent. The 
shells are themselves excellent fuel. The oil is completely clarified by mere filtration. As 
ordinarily prepared, it is amber-coloured, tasteless and odourless ; slightly viscid at the temperature 
of tlie air in England, congealing at 0° (32° P.); its sp. gr. is 0-923 ; it is insoluble in alcohol, 
and saponifies readily, giving a very soft soda-soap. It is locally used in small quantities, while 
fresh, in cooking and medicine; but it is much more extensively employed as a lamp-oil, giving 
a brilliant light, without any objectionable odour. It dries less rapidly than linseed-oil, and is 
used for mixing paints and making oil-vamishes. It is said to corrode tin-plate and even platinum. 
Its commercial value is placed at the same figure as colza- and gingelly-oils. The cake is useless 
as cattle-food, on account of its purging qualities, but would make valuable manure. In 1843, 
8600 gal. of the oil were shipped from Honolulu (Sandwich Islands), valued at Is. 8d. a gal.; 
and in 1862, the exports from the group were 10,000 gal. yearly, destined for the ports on the W. 
coast of S. America. 

Kurung- or Poondi-oil. — The seeds of Pongamia glabra, a tree widely diffused in S. India, 
Pegu, Malacca, the Indian Archipelago, S. China, Australia, and Fiji, are expressed for the sake of 
their oil in several of these countries. The oil is thick, reddishibrown in colour, and has a 
tendency to deposit stearine in cold weather. It is used alone or combined for burning in lamps, 
and is much esteemed medicinally. 

Iiallemantia iberica. — This is a well-known plant of Syria and Persia, where it is extensively 
cultivated ; it attains a height of 1^2i ft., and single plants have afforded as many as 2500 seeds, 
which yield a very pure culinary oil. The plant has been acclimatized at Cherson, S. Eussia, for 
industrial purposes. 

Iiaurel-oil. — A so-called “laurel-oil” or “bay-oil” is obtained from the fruits of the bay- 
laurel (Laurus nobilis), chiefly in Holland, Spain, Italy, and Switzerland. The fruits are peeled, 
ground to paste, boiled, and expressed ; the oil concretes on the surface of the expressed mass when 
cold ; it is collected, and melted in a water-bath to remove the moisture. When the fruits have 
been kept for some time, they are better ground and hot-pressed. The oil is used in veterinary 
medicine, and is found to repel flies from meat and living animals. The plant also affords a 
volatile oil (see p. 1422). 

Linseed-oil (Fb„ ffuile de Lin ; Geb., irtnS/).— The flax-plant, so well known as yielding a 
textile fibre (see Fibrous Substances — Linum usitatissinmm, p. 964), affords a valuable oil-seed. The 
separation of the seed from the stems of the plant has been described on p. 967. The supplies of 
linseed for crushing are furnished chiefly by Eussia and India. It is found that, as a general rule, 
the colder the climate in which the seed is grown, tbe greater are the drying properties of the oil, 
but the worse is its colour. In India, preference is given to white seed, as yielding 2 per cent, more 
oil, affording it more freely, and giving a softer and sweeter cake, than the red seed ; the latter, 
moreover, always comes to market largely mixed with rape-seed, which is very difficult of 
separation, and greatly depreciates the market value. Oil from unripe seed is watery. The seed 
should always be kept for 3-4 months in a dry place, as the oil furnished after this lapse of time 
is much more abundant than when the expression takes place immediately after the harvest. The 
seed is crushed and pressed in the manner described in a separate section (see p. 1451). The best 
and finest oil is that which is “ cold-drawn ; ” it is paler, less odorous, and less flavoured, but 
the yield is only 21-22 per cent, of the seed. By the aid of a temperature not exceeding 93^° 
(200° F.), and powerful and long-continued pressure, as much as 28 per cent, of very good oil can 
be obtained. The cake forms a valuable cattle-food. The Italian variety is said to have a much 
more highly oleaginous seed than the Eussian. 

Some 70,000 metric quintals (of 2 cwt.) of this oil are produced annually in France, chiefly in 
the departments of Pas-de-Calais, Somme, Nord, Maine et Loire, Vendee, Haute-Marne, Haute- 
Garonne, and Lot-et-Garonne ; 175,772 acres under flax in 1877 produced about 1 million bush. 
Belgium stUl continues to import linseed from Eussia and India. Holland had 44,114 acres under 
flax in 1878, and produced 446,520 bush, of linseed. The German Empire exported 586,600 
centners (of llOJ lb.) of linseed- and palm-oils in 1879; the port of Memel shipped 236,460 cwt. of 
linseed, value 115,000/., in 1879. Sweden, in 1878, had 33,655 acres under flax and hemp, and pro- 
duced 197,091 cwt. of seed. Eussia has a larger trade in linseed than any other country, the exports 
in 1878 having been 2,684,032 chetverts (of 5| bush.); Archangel shipped 67,885 quarters in 1877, 
and 25,761 in 1878; of the 36,801 chetverts in the latter year, 19,897 went to Great Britain, 
and 16,904 to Holland. Biga exported 225,810 quarters of crushing-linseed in 1877, and 90,330 in 
1878; in 1879, Bevel shipped 43,169 chetverts to Great Britain; Nicolaieif, 91,818 quarters, 
Taganrog and Bostov, 644,204 quarters, Mariopol, 29,770; Yeiak, 83,896, Genitchesk, .214. In 
1872 (the date of the latest Eeturn), Eussia had 2,247,700 acres under flax, which yielded 
17,292,000 bush, of linseed. The Eoumanian Danube ports shipped 4429 quarters of linseed in 
1879. Kastamuni, in Asia Minor, exported 160,000 okes (of 2-83 lb.) of linseed, value 1500/., 
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in 1879. The total Indian exports of linseed were 7,198,918 cwt. in 1878, but only 3,503,795 cwt 
in 1879. Alters, in 1879, prodnced 734,795 kUo. of Eiga linseed, and 1,384,969 kilo, of Italian. 
New York shipped 14,187 gal. of linseed-oil in 1879, and Philadelphia, 503 gal. 

liinseed-oil has a faint colour, and mild odour and flavour, when pure, but the commercial 
article is dark-yellow, with sharp repulsive flavour and odour. Its sp. gr. is O' 930; at —18° 
(0° F.), a little solid fat separates out; at —20° (—4° F.), it solidifies. By exposure to the air, 
after heating with oxide of lead, it rapidly dries up to a transparent varnish. The fresh oil saponifies 
readily, giving a yellow and very soft soap with soda ; by ssiponification, it yields 95 per cent, of 
fatty acids, chiefly linoleic, with a little oleic, palmitic, and myristic acids. It dissolves in 1 • 6 parts 
of ether, and in 32 parts of alcohol at 0 • 820 sp. gr. The oil is very extensively used in the manu- 
facture of paint, printing-ink, floorcloth, artificial indiarubber, oil-vamishes, and soft-soap. For 
artists’ use, it is purified by shaking up with whiting, and warming. Linseed-oil is never met with 
in commerce really pure, nor even the seed itself. Previous to the Crimean War, it was a 
recognized custom at the Black Sea ports to add 1 measure of hemp or other seed to every 39 of 
Enseed. Since then, the proportion has advanced to 1 in 19, in addition to which, the Indian seed 
is grown mostly as a mixed crop with mustard and colza ; pure linseed-oil can only be obtained 
by picking out the seeds individually. The methods of refining this oil are described on p. 1460. 

Kabo. — The seeds of a plant which is thought to be a Parinarium have been imported into 
England and Germany for the sake of their oil. They have intensely hard “ stones,” measuring 
about 2i in. by IJ in., and are highly oleaginous, but it is a question whether the oil can be pro- 
fitably extracted. They are brought from Liberia, and are closely allied to the mola plum of 
Zamlrasi land (P. Mobola), which is supposed to be identical with the noxa or nocha (?niko) of 
Lower Guinea. 

Macassar-oil. — This oil was originally obtained from the unctuous fruit of Stadmannia 
[Cvpania] sideroxylon, growing in the islands of Sunda and Timor, and usually known as kesambi- 
wo^. See also Safflower-oil, p. 1410, and llang-ilang-oil, p. 1422. 

Madia-oil. — The seeds of Madia saliva afford some 30-40 per cent, of fatty oil. The plant is a 
native of Chili, where it has long been cultivated for the sake of its oil. It has been successfully 
introduced into Asia Minor and Algeria ; its culture has also been attempted in S. France and in 
Wurtemburg, but without the success that was anticipated, mainly owing to the irregularity with 
which the seed ripens in these climates. It requires a sandy soil, and is very easily grown. In 
Europe, sowing takes place in October. The seeds must be threshed out soon after the stems are 
cut, or the latter ferment and cause injury. The seed resembles sunflower, but is much smaller. 
The yield of oil from an acre of the plant is rather more than from colza (rape) : 1 hectare (2| acres) 
gives 726 kilo, (of 2 '2 lb.) of seed; and 100 kilo, of seed yield 32 of oil. It is extracted by 
expression, both cold and hot. It is deep-yellow, thick, and mild ; of sp. gr. O' 935 crude, and 
0'9268 at 15° (59° F.) purified; solidifies at —10° to —17° (14°-2° F.), according to the method 
of extraction ; dries slowly ; and dissolves in 30 parts of cold alcohol or 6 of boiling. The finer 
qualities may replace olive-oil ; the coarser are used for illuminating. 

Mahwa-oil. — The mahwa or mhowa {Bassia latifolia') is chiefly known as yielding flowers which 
are an important article of diet, and from which an intoxicating beverage is distilled, but it also 
claims notice as affording an oil. The tree is cultivated in most parts of India, and is abundant in 
Central India, notably in the Concans, the Circars, Bengal, Guzerat, and Eajputana. It is 
extremely hardy, thriving well on poor stony ground, and readily propagating itself by its seed. Its 
culture is therefore capable of the widest extension. The flowers are succeeded by fruits, whose 
kernels or seeds give some 33 per cent, of oil. The latter is obtained by bruising, rubbing, 
and pressing the seeds. It is greenish-yeUow in colour, and of an oily consistence, when newly 
expressed, but immediately assrunes a concrete state, remaining thus until a temperatnre of 43i° 
(110° F.) is reached. Its sp. gr. is 0'972 ; it is soluble in ether, scarcely in boiling alcohol. In a 
cool climate, the oil keeps good for a long time ; but in the plains of India, it acquires a bitter 
flavour and rancid odour after a few months’ exposure to the air, separating into a heavy brown mass 
below, and a little clear fluid above. It saponifies easily, and the resulting soap is good as to 
quality and colour, and satisfactory as to quantity. The fatty acids are easily separable, by the 
simple process of “training” or “seeding,” described on p. 1362. The proportion of stearic acid 
is about 40 per cent.; it is inodorous whUe translucent, and is admirably adapted for candle- 
making. The oleine separated is superior to that from taUow and palm-oil. For industrial 
purposes in this country, the oil has about the same value as coco-nut-oil ; it has been imported 
into England and France from Calcutta for soap-making. Locally, it is extensively us^ by 
Bunniahs and Muhajuns for adulterating ghee- it is also employed in cooking and for burning. 
The residual cake forms food for man and cattle ; and the timber of the tree is valued (see Timber). 
Oils from other species of Bassia are lUipi-butter (p. 1392), Phulwara-oil (p. 1408), and Shea-butter 
(p. 1410). 

Mamey-oil. — About 40 per cent, of a fixed oil bearing this name is extracted by means 
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6f expression at a high temperatnre from the fmit-kemeis of Lumma Bonplandii, in Mexico. It is 
employed in the manufacture of soap and cosmetics, and for iUaminating purposes. 

DCaugosteen-oil, Brindonia-tallow, or Kokum-butter (Fn., Beurre de Comm, Huik de 
Madoof ). — The fruit-seeds of Gardnia indica afford a fatty oil of unusual purity. The tree is indigenous 
to the coast region of W. India, known as the Concan, lying between Goa and Daman. The oil is 
extracted by the natives of India in the following manner : — The seeds are sun-dried for several 
days, bruised, and boiled in water ; the oil escapes and collects on the surface, and, on cooling, 
concretes into a solid cake. The yield is about 10 per cent. The crude product needs purification 
by melting in a steam bath, and filtering. Thus treated, it becomes perfectly transparent and 
light-straw coloured, consolidating at 27;^° (814° F.) into a crystalline mass, commencing to melt 
again at 42i° (lOSJ® P.), and fusing entirely at 45° (113° P.). It is composed chiefly of stearic 
acid, with minor quantities of myristic and oleic acids, all in combination as glycerides. It 
saponifies readily, and produces a fine hard soap. It is soluble in ether, and slightly so in rectified 
spirit. When kept long, it acquires an unpleasant rancid odour, and a brownish colour. It occurs 
in the Indian bazars in the form of oblong lumps, measuring 4 in. by 2 in., and weighing about 
i lb. ; it is whitish, firm, dry, and friable, yet greasy to the touch. In India, it is largely used by 
the natives for adulterating ghee, and more recently by Europeans for pharmaceutical preparations. 
Its present abundance does not admit of its general application to soap-making or candle-making, 
but it is a superior article for snch purposes. 

Msrgosa- or Neem-oil. — The fruits of Melia Azadiraehta, and probably several allied species, 
afford a useful oil. The trees or shrubs are found native throughout India, and are now widely 
diffused in tropical and sub-tropical regions. They are hardy, and grow in almost any soil. The 
fruits are produced abundantly, and drop when ripe. They are gathered, and treat^ either by 
expression or boiling. Some accounts state the oil to be derived from the pulp of the fruit; others 
say it is obtained from the seed, the kernels yielding 25 per cent. The oil is acrid-bitter, deep- 
yellow, and with a strong disagreeable flavour. During the winter months in India, it becomes 
solid, but partially regains fluidity in summer. It is largely used by native physicians, both 
internally and externally; it is frequently burnt in lamps, but emits an offensive smoke; and is 
applicable to soap-making. 

Kelon- and Pumpkin-oils.— The seeds of all the members of the melon, pumpkin, 
encumber, and gourd family contain appreciable proportions of oil, but the only kinds which are 
utilized to any considerable extent are those of the sweet melon (Cucumis Melo) and the water-melon 
(C. Citrullms). Considerable quantities of melon-seed, under the local French name of petit beraf, are 
collected in various parts of W. Africa, notably Senegal and Abeokufa. The production in Senegal 
in 1860 was 62,226 hik. of the seed, which was shipped to France. China grows very large 
quantities of melon-seed, and has an extensive commerce in it. Thus, in 1879, Chefoo exports 
4207 piculs (of 1334 lb.); Hankow, 6642 piculs, value 6165/.; Kiungchow, 1722f piculs, value 
1125/. ; Newchwang, 16,191 piculs. The yield of oil is about 30 per cent. The oil is clear, bland, 
and limpid, and closely resembles olive-oil ; it is consumed as food, burnt in lamps, and made into 
soap. It dries slowly, and solidifies at —15° (6° F.); its sp. gr. is about 0-923. 

The egusi oil of Abeokuta, the abobora of Brazil, the ogadioka of the Gaboon, S.-E., and S.-W. 
A&ica, the chocho, and several other oils of local application, belong to this numerous and wide- 
spread order, the Cucurbitacem, 

BCoodooga-oil. — An oil is obtained from the seeds of Butea frondoso (see Besinous Substances 
— Butea kino) in India, Java, &e. ,- it is afforded in small quantity, is bright, clear, and fluid, and 
used medicinally. 

Mote-grease, Tallicoona-, Kondoo-, or Coondi-oil (Fn., Buile de Touloucoom, TalKcoo- 
na). — The nuts or seeds of Carapa guineensis [^Touloncoona], which plant has recently been declared 
identical with C. guianensis (see Crab-oil, p. 1386), afford about 33 per cent, of a valuable fatty oil. 

The tree is found growing abundantly in the Timneh country and near Sierra Leone, and occurs 
throughout Senegal and the Guinea Coast. The seeds (18-30 in one fruit) vary in size from a 
chestnut to a hen’s egg. The oil is extracted from them by the natives of W. Africa in the following 
manner : — The seeds are sun-dried, and hung up in wicker racks or hurdles exposed to the smoke 
of the hut-fires. After sufficient exposure, they are roasted, and triturated in large wooden 
mortars till reduced to a pulp. The mass is then boiled, and the supernatant oil is skimmed off. 
It usually forms a concrete mass on cooling, resembling frozen olive-oil, but the best samples 
remain liquid at ordinary temperatures. It has a pale-yellow colour, and a strong bitter flavour ; 
the latter is due to an alkaloid principle, which is easily destroyed by boiling in water acidulated 
with sulphuric acid, allowing to settle, and then washing with fresh water to remove all traces of 
the acid. The oil is entirely soluble in ether ; alcohol separates it into (1) a concrete substance, 
which dissolves in the alcohol, and retains the odour and flavour, and (2) an oil fluid at ordinary 
temperatures, and nearly colourless and tasteless. By the Africans, the oil is used most largely 
for lighting purposes, but is also employed as a purgative and anthelmintic. Industrially, it is 
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capable of the same applications as crab-oil (p. 1386), and is imported into Marseilles firom Senegal 
for soap-making. The seed is also shipped to France. 

M’Poga. — The kernels of the nnts of the m’poga (probably a sjiecies of Parinariuni), a tall 
tree abimdant in the Gaboon, afford some 80 per cent, of unusnaUy fluid oil, but difScult of extrac- 
tion, on account of the hardness of the nut. 

Mustard-oil (Fa., Buile de Moutarde ). — Three species of mustard are grown more especially 
for the well-known condiment which is prepared from the seeds ; these are Brassica [_Sinapis] nigra, 
B. alba, and B. juncea ; for a description of their localities and modes of culture, the reader is 
referred to Spices— Mustard. The seeds of these species all yield fatty oils by expression. B. nigra 
affords about 23 per cent, (over 33 with ether) of a mild-flavoured, inodorous, non-drying oil, 
solidifying at —18° (0° F.), and consisting essentially of the glycerides of stearic, oleic, and 
emcic or brassio acids, the last-named being homologous with oleic acid. The flxed oil of B. alba 
amounts to 22 per cent, of the seed, and resembles generally that of B. nigra. The seeds of 
B. juncea, in Russia and India, afford by pressure 20 per cent, of oil, which is used like the best 
olive-oil, and for burning in lamps. These oils vary in sp. gr. from 0-9142 to 0-917, and are 
soluble in 4 parts of ether. 

Other species of mustard, whose seeds are not prepared as a condiment, but which are utilized 
for their oleiferous properties, are as follows : — B. arvenis, the charlock, yields an excellent buming- 
oil, and it is to be regretted that this common and troublesome weed, so abundant in Europe, has 
not been turned to better account. A mustard-plant thrives so well in California as to smother the 
com in the fields. The seed is gathered hy the Chinese and brought into San Francisco, where 
the oil is expressed, and used as salad-oil. B. cemua is cnitivated for its oil in Japan. B. chinensia 
is grown with the same object in immense quantities in China, notably in the Yangtze-kiang and 
Han-kiang river-valleys, in the provinces of Chekiang and Kiangsu, and to some extent also in 
the district of Ichang, province of Hoopih. It is in seed and ready for harvesting in the 
beginning of May. The seed is treated by a rude press, yielding a dark-yellow, pleasantly-odorous, 
thick oil, used for cooking, in lamps, and for anointing the hair. 

An allied oil-plant is the colza or rape (see p. 1384). 

Myrobalan- and Jungle-almond-oils. — Small quantities of fatty oil are expressed from 
the seeds of two Indian species of Terminalia, T. Bellerica, and T. Chebula, plants which are much 
more important on account of their astringent properties (see Tannin — Myrobalans). The oil of 
the first species readily separates into two portions, a pale-green fluid, and a white, floccnlar semi- 
solid. It is used locally for anointing and strengthening the hair. The oil of the second species is 
procurable only in very small proportion ; it is a clear, transparent, almost colourless fluid, of 
medicinal use. 

A third species of Terminalia, the jungle-almond of India {T. Catappaj, is much more widely 
distributed, and of greater importance as an oil-yielder. It is found abundantly in both E. and 
W. Indies, and grows freely in Mauritius and Bourbon. The fruits (nuts) are gathered, and 
exposed to the sun for a few days, to facilitate their breaking, which is one of the main items in 
the cost of extracting the oil. The kernels are next freed from shell, crushed, and cold-pressed. 
The oil is similar to almond-oil in flavour, odour, and sp. gr., but is deeper coloured, and deposits 
stearine by keeping. It is, however, very slow to become rancid; and if carefully prepared and 
refined, it might well replace true almond-oil and hazel-nut-oU for most purposes. 

Niger, Kersanee, or Bam-til Oil.-rThe “ Niger seed ” of African commerce, and the 
ram-til or kersanee of Indian cultivators, is the product of Guizotia oleifera. The plant grows wild on 
the Gold Coast of Africa, and is cultivated in Abyssinia, and in many parts of India, especially 
Mysore and the Deccan; here the seed is sown in July- August, after the first heavy rains, the 
fields being simply ploughed, and neither weeded nor manured. The crop is cut 3 months after 
the sowing, and, after being sun-dried for a few days, the seed is threshed out, the produce being 
about 2 bush, an acre. By the common country mills, only 25 per cent, of oil is got from the seed, 
but better appliances bring the average up to 35. The oil is limpid, clear, pale, and sweet- 
flavoured, and is used as an edible oil by the poorer classes of India, and commonly as a lamp-oil. 
Though much inferior to gingelly-oil, it is frequently used as a substitute for it, and to adulterate 
both this and castor-oiL The oil contains but little stearic or palmitic acid, hence soap made from 
it, though very white, is soft. The cake is an esteemed food for milch cows. 

Nounga and Djave.— These two fatty substances are said to be produced by a species of 
Russia, which has been called B. gabonensis, found on the Gaboon. The former has the 
of butter; the latter is available only for soap-making. Their united yield is 56 per cent. 

Nutmeg-butter or Mace-oil (Fb., Beurre de Muscade; Gbr., Muskatbutter, Muskatnussdl) — 
The fixed or fatty oil obtained from the nutmeg (see Spices— Mace and Nutmeg), must not be Un- 
founded with the essential oil, which is described in another section (see p. 1424). The flxed oil 
or butter is extracted from refuse nuts, by powdering, heating in a water-bath, and pressing while 
still hot. The yield is about 28 per cent. The fat is a solid unctuous substance, with an orange- 
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brown colonr of varying intensity, and presenting a mottled appearance ; it has a pleasant odour, 
and fatty, aromatic flavour; its sp. gr. is I'OIO-I'OIS; it melts at 45° (113° F.): and dissolves 
perfectly in 2 parts of warm ether, or 4 of warm alcohol at O' 800 sp. gr. It contains a large 
proportion of myristine, among other glycerides, and about 6 per cent, of the essential oil before 
mentioned. We import the article chiefly from Singapore, in oblong blocks measuring about 
10 in. by 2} in. sq., wrapped in palm-leaves. 

Ochoco. — The ochoco tree of Guinea (^Dryobalanops sp.) yields 61 per cent, of an oil fusible at 
70° (158° F.). 

Odal- or Adul-oil. — From the seeds of Sarcostigma Kleinii, a native of S. India, a thick, 
semi-fluid oil is expressed ; it is burnt in lamps, and has a high medicinal reputation. 

Okro-oil. — The seeds of more than one species of Hibiscus (principally H. esculentus), plants 
which have more importance as fibre-yielders (see Fibrous Substances, pp. 961-2), aflbrd' clear, 
limpid oils, which are said to rival olive-oil for alimentary purposes, but are nowhere extracted 
on a commercial scale. 

Olive-oil (Fb., Ifuik d" Olives; Geb., OlivenSl, Baumdl, Provencer Oel) and Pyrene-oil. — Of 
the common olive (Ofea europcea), some 20-30 varieties are distinguished by different botanists as 
the result of prolonged cultivation. The most useful and esteemed of these are the following : — 
(1) caillet or cayou, preferred in the neighbourhoods of Grasse and Cannes, growing best in strong 
soils, needing air and sun to fructify its flowers, and not yielding all its oil until quite black ; (2) 
blanquette, chiefly grown about Antibes, thriving best on dry ground, having little colour when ripe, 
and affording a sweeter, whiter and more delicate [but ill-keeping] oil than (1) ; (3) roubeirou, grow- 
ing tall and with few branches, bearing a small fruit that gives little oil, but superior to all others ; 
(4) plant d’ Entrecasteaux, of rapid growth, adapted for almost all soils, but especially strong, 
requiiing little manure, an abundant cropper and ripening early, but demanding a situation 
sheltered from cold, and frequent pruning ; (5) cumet, succeeding under all exposures, and furnish- 
ing an abundance of excellent oil ; (6) caillet-roux, flouiishing in low bottoms, and a plentiful 
yielder of good oil; (7) redonnaou, hardy, and less esteemed for its oil than for preserving; (8) 
arabon, very productive of good oil ; (9-12) verdale, colliasse, clermontais, and gros comialle, very 
fruitful, while attaining only small dimensions, facilitating the harvesting of the fruit, and per- 
mitting planting at 16 ft. apart ; the verdale is specially recommended as bearing in the 3rd year. 
The great seat of the cultivation of this species is in the countries bordering tlie Mediterranean, 
whence it has been introduced into America, Australia, and other localities possessing a suitable 
climate. Other species of Oka are found inhabiting the Himalayan portion of India, Afghanistan, 
the Malay Peninsula, Burma, Cochin China, the Cape of Good Hope, New Zealand, and Florida. 
Nevertheless, 0. europcea seems to be the only species which is an object of systematic cultivation, 
and it is exclusively to it that attention is directed in the following remarks. 

Soil, Climate, and Situation. — The olive thrives and is most proMo in dry, calcareous, schistous, 
sandy, and rocky ground, and may thus be grown on land which is worthless for many other crops. 
It is commonly said that good vine-soil is good olive-soil. The soil must be loose and permeable, 
and the deeper the better. Clays and bottom lands, even when well drained, are generally unsuit- 
able. EfiScient drainage is an essential in all cases ; at the same time, a certain amount of 
moisture is requisite, and when this is not 
suflSciently provided by deep cultivation, 
mulching and watering must be resorted 
to in dry weather. No variety of the olive 
can support burning heat nor freezing cold : 
thus a northern aspect is chosen in tropical 
countries, and a southern in temperate 
climates, and preference is given to gentle 
slopes, over both plains and hill-tops. When 
the face of the hill is too abrupt, it is often 
cut in terraces, as in Fig. 1019. In the Old 
World, olive-culture is successful wherever 
the mean annual temperature is 14°-19° 

(.58°-66° F.), that of the coldest month not 
falling below 5i° (42° F.), nor that of the 
hottest below 22° (71° F.). The altitude 
varies with the latitude, aspect, and prox- 
imity to the sea. 

Propagation. By Cuttings. — The olive may be freely propagated by means of cuttings. In 
making a nursery with cuttings, if the soil is not naturally sandy, some sand may be advanta- 
geously put into the holes as the cuttings are stuck in. In this case, the cuttings need not be 
more than 8-12 in. long ; they should be neatly trimmed with a sharp knife, to avoid bruising the 


lois. 




1398 


VEGETABLE OILS AlO) FATS [FIXED]. 

bark, and only one good bnd dionld be left above gionnd. The cnttinge may be from either 
branches or roots; the latter are best planted entirely under ground, but they possess no special 
advantage, and are not recommended, except when removing or thinning out the trees, or when at 
a loss for material from which to raise a large nursery stock of a particular variety. 

By Layers. — Of course, a tree reproducing itself so readily from cuttings, will grow from layers ; 
but in adopting this method of increase, it must be remembered that the form and general welfare 
of the parent tree are prejudicially affected, until the layers are detached, and the sap again enters 
into free and natural circulation. This method is condemned by the best Continental horti- 
culturists. 

By Suckers.— Suckers, which often rise from the roots of old trees, if strong, may be carefully 
and neatly detached. They make good trees, as far as concerns their having a well-formed stem 
to commence with; but they are considered by the foremost authorities to yield less and live a 
shorter time, possessing the germs of all the maladies of the parent tree. 

By Seed. — Seedlings can very readily be raised in a light and well-drained soil. Before sowing 
the olives, it is necessary to remove the oily pulp surrounding the kernel, so that moisture may 
reach the latter. This is effected by a process of decomposition, which may be brought about by 
steeping the fruits for 12 hours in hot water or in yeast, or by 21 hours’ immersion in an alkaline 
ley, producing a soap from the oil, readily soluble in the moist earth. The seeds used should be 
the finest fruit, and chosen from the healthiest trees, and, being some months in germinating, they 
should be sown as soon as ripe. The sowing should be pretty thick, in a sheltered place, in 
furrows 6 in. apart and 2-3 in. deep. The ground needs previous trenching 3 ft. deep, and good 
manuring. During the spring and summer, careful occasional watering is necessary, as well as the 
removal of weeds as fast as they appear. When the little plants begin to shoot, small green 
branches are stuck in the ground between the furrows, to shelter the shooting plants, which con- 
tinue to progress during the rest of the autumn, and even during nearly the whole winter, unless 
it be cold. If frosts are expected, the plants are covered with dry leaves, straw, or litter. If the 
plants succeed, they come up thickly in this seed-bed ; the weakest are plucked out during the 
second spring, or, if pulled up early, may be replanted elsewhere. There is a two-fold object in 
raising seedlings, primarily to obtain stocks for grafting on, and secondarily as a means of securing 
new varieties suited to the climate — an important consideration in commencing the cnltnre in a 
strange region. 

By Grafting. — Grafting is much practised on the olive, and is among the most certain methods 
of procuring strong trees of approved varieties. The grafts known among horticulturists as “ shield, " 
“ cleft, ” and “crown ” are all used, and variously recommended. It is probably immaterial which 
is adopted, provided the scion and stock suit each other in point of age and size. Underground 
grafting is considered decidedly preferable in Australia, not more than 2 eyes of the scion being 
left above the surface. The union is better ensured by binding the point of junction with a strip 
of calico steeped in a mixture of mutton, tallow and bees’-wax ; the earth should afterwards be 
heaped into a mound above the graft. The operation is performed in spring, when the sap is 
rising; and the scions are of 2-year-old wood. Seedling-stocks may be successfully grafted at 2-6 
years old ; but in using 2-year-old scions, it is as well that the stock should not be much more than 
the same age, so that there may not be more than suflicient sap to effect the junction, thus avoid- 
ing the necessity for keeping down suckers and surplus shoots. ■ 

By Truncheons.^** Truncheons ” are very stout cuttings, 1-10 ft. long, and l|-6 in. in 
diameter, according to the method in which they are to be planted There are two ways of 
doing this. By one, the pieces have a length of 4-10 ft., and are placed in holes 20-50 in. deep, 
according as the soil is deep and well drained The process is as follows. Holes are opened to 
the depth suited to the character of the grouud, either in early spring, or better during the 
previous summer, the Sod being left in the rough to get mellow. The truncheons are planted 
upright in the holes on a good layer of chopped leaves, rotten dung, or other thoroughly ripe but 
not too hot fertilizer, and the holes are fitted in firmly with the soil which was taken out. The 
surface around each is left slightly hollow to facilitate watering, which must be done whenever 
the weather is dry. The objects of manuring the bottom of the hole are to stimulate the truncheon 
to send out roots from the lower end, and thus secure a well- and deep-rooted tree, and to help 
retain moisture where it is most needed. In transplanting rooted trees, the same precaution should 
be adopted. When the length of stem above ground is great, the sod is mmetimes heaped 
around it, to mitigate the drying influence of the air before the plant has rooted; a hole is then 
made on one side, and kept open by a wisp of straw, for the purpose of watering. The advantages 
of planting by truncheons in this manner is that a year is saved, and that the tree commences with 
a good straight stem. 

The second way of propagating by truncheons is in lengths of 1-3 ft., which are perhaps 
preferable to the others. They are cut neatly, without any bruises or ragged edges in which 
moisture might lodge and do mischief. They are planted horizontally, I-s'in. below die surface. 
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the soil being fine, anil kept moderately moist This system may be adopted also for planting In 
permanent situations, but is better suit^ for nursery planting, as the soil requires careful prepara- 
tion, and two plants may start from the same truncheon. In 2 years, the trees will be 4-6 ft. 
high, with stems 1—2 in. thick, according to the kind; these are fit for planting out, and will 
make strong scions for grafting seedling-plants. These latter will have been growing meanwhile. 
This short-truncheon system is especially recommended in hot dry climates, such as Queensland. 

By XJovoIi. — Upon the bark, especially of the upper roots, of the olive, are formed numbers of 
small “ knaurs ” or embryo buds, termed uovoii by the Italians. These are easily detached by a 
sharp penknife, care being taken not to injure the tree. The latter must not be less than 10 
years old when subjected to this treatment, as it must be mature, deep-rooted, and strong. When 
removed, the knots are plmted like bulbs. 

Cnltimtion.—The importance of thorough drainage has been already pointed out ; and the 
intending cultivator, bearing this well in mind, will understand that the digging of holes is not to 
imply that the intervals are to be left without being broken up. Where a depth of 4 ft. is used, it 
would be impossible, without artificial drainage, to prevent the wet from hanging about the roots 
of the trees, unless the soil were naturally deep and very porous. It must be remembered that one 
object in the cultivation of the blive is that the slopes of hills whose soil is unsuited for general 
cultivation may be utilized. In these situations, any considerable depth of soil will not be found, 
and 24 m. may be the maximum depth attainable. If this be the case, holes will have no advan- 
tage in point of economy over continuous trenching, say to the width of 8-10 ft., with the 
additional facilities for drainage afforded by the latter mode. While such trenches will give 
sufficient room for the health of the trees, these will still benefit by the breaking up, at some 
subsequent period, of the intervening spaces, either by the hoe or plough. 

Cultivation between the trees should be practised with caution. There is no mistake so great 
as to suppose that economy is gained by taking out crops from between the trees, nnless it is quite 
certain that the latter are not being robbed of light, air, or nutriment. When the trees are quite 
young, and cover little space, a shallow-rooted crop may safely be taken off, provided that even 
then the seed is not allowed to fall within 5 ft. each way of the trees. If this be done for a year 
or two, it is as much as can be ventured ; after this, any crop raised, in place of being taken offi 
should be ploughed in, to restore what the previous crops have taken out of the soil. It is quite 
possible, however, tliat the soil, in situations such as those advocated for the olive, may not be 
sufficiently good to make it worth while to attempt a green crop. In that case, rather than waste 
the space which is not wanted by the trees in their young state, pumpkins or sweet potatoes might 
advantageously be grown in holes specially manured, and fed to pigs. While, however, careful 
cultivation within certain limits between the trees may be permitted, not only must any crop be 
kept well away from the trees, but the soil about them must be periodically stirred as deeply as is 
compatible with safety to their roots. 

Manures . — Manuring with suitable fertilizers, at intervals, forms an important element in the 
successful cultivation of the olive, especially in soils naturally poor. While the tree enjoys the 
mechanical looseness of sandy, gravelly, and stony soils, and freedom from stagnant moisture, it is 
not among the very small number of fruit-besiring trees which are most fruitful in sterile soil. 
Nutriment is necessary to its productiveness, and, if not already in the soil, must be introduced 
artificially. Stable-manure also acts mechanically in retaining moistnre, thus helping the tree 
to withstand drought, and effecting a saving of labour in watering, which, if the manure has been 
well dug in, may be done less frequently. The stronger kinds of manures are recommended for the 
olive, such as pigeon- and sheep-dung ; but the best of all for sandy soils is night-sod. Baw, 
uuripened, hot manures of any kind are as bad for this tree as for most others. Nothing equals a 
good old compost heap ; and where the materials are procurable, it will well repay the labour and 
first cost to make one. This is best effected by excavating a hole of sufficient dimensions, into 
which should be thrown sheep- and fowl-dung, stable-manure, soot, ashes, refuse fat, scraps of 
leather, hoofs, urine, leaves, weeds, and other substances which will ferment and rot. The heap should 
be occasionally turned until thoroughly incorporated ; and when mature, which will probably not be 
for 12 months, may with great advantage be applied to the trees, being well turned in under the 
surface. In S. France, old rags of all kinds, including woollen, are largely used for manuring tlie 
olive. The tree likes limestone ridges, therefore an addition of lime to the compost heap, or its 
separate application, would soon make its effects visible in healthy appearance and more vigorous 
growth. 

Where the soil is absolutely poor, the trees shoidd be manured every year ; but, otherwise, every 
second year will be sufficient. Of course, if the orchard has been established in rich alluvial 
bottoms, or fat loam, and the trees have a tendency to over-luxuriance, manuring is not only not 
wanted, but would be wasteful, and inimical to productiveness. In applying manure, if it be in fit 
condition, it is most profitable to dig it in just before the rainy season ; by doing this, the tree at 
once receives the full benefit of the dressing. 
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MuicMng. — Mulcliing, especially whOe the trees are young, will be found a useful adjunct to the 
cultivation of the olive, as it is with other trees, in hot dry climates. Its effect is principally 
mechanical, in retaining moisture, and in keeping cool the surface of the soil about the roots of the 
tree. Long manure — grass, straw, or any such substance — will answer the purpose ; but it is as well 
to select something which will gradually decay, and, when dug in, will act as a fertilizer. Care 
should, however, be taken that the material selected be free from seeds, or it will involve additional 
labour with the hoe. 

Pnming , — .Judicious pruning is of great importance, as the olive has the character of only 
bearing in alternate years. The fruit is produced on the young shoots of the preceding year ; and, 
in pruning, the object to attain is to secure a regular distribution of wood of the previous year from 
the axils of the leaves. In poor soil, where the trees would have a struggle to produce both fruit, 
and young shoots for next year’s harvest, pruning is especially necessary ; and it is probable that, 
in the genial climate of Australia, skilfully managed plantations ought to bear, with fair certainty, 
a regular annual crop. Some authorities consider that pruning once in 3 years is sufficient. By 
the old method of leaving the tree to attain its full growth, any considerable crop was not yielded 
for many years ; and hence the character of the olive for tardy productiveness. Under the present 
system, however, of cultivating comparatively dwarf trees, abundant crops are afforded in 3-4 years. 
A dear, straight stem, of 5-6 ft., should be kept. Not only is the growth thus made handsomer, but 
the tree is more vigorous and strong to resist wind, and the frnit is sufficiently remote from 
reflected heat, and consequent premature ripening. 

Distance . — The distance apart for planting the trees must be determined partly by variety, and 
partly by soil and aspect. Under the old system, which was content with a biennial crop, and left 
the trees to grow much as they pleased, a distance of 30-40 ft. was necessary. But of late years, 
the propagation of new and highly productive varieties, and the adoption of a system of pruning the 
trees to such limits as will render the gathering of the frnit by hand comparatively easy, has 
enabled cultivators to bring their trees closer together, and thus to economize space, and consolidate 
their operations. Orchards are now planted at distances of 16-30 ft., according to variety, the 
distance being further regulated by the quality of the soil. 

While guarding against the false economy of overcrowding, the annexed table will show 
the number of trees which can be grown per acre at 16, 20, 30, and 40 ft. opart respectively, 
deducting a dray-road 12 ft. wide. 


Di&taace apart. 

Acre, 220 ft. X 193. 

Acre, 264 ft. X 165. 

r^— — — — 

Acre, 330 ft. x 132. 

16 ft 

110 trees required 

112 trees required 

108 trees required 


72 „ 

36 „ „ 



30 „ 

28 „ 

27 „ 

40 „ .. .. 

IG »» M 

» » 



Excluding all consideration of the fractional spaces adjacent to the dray-road, and simply 
calculating how many times the area required for each tree is contained in the available areas 
of acres of each of the preceding forms, gives; — 


Form of Acre. 

Available 
area in sq. ft. 

Trees 16 fU apart. 

Trees 20 ft. apart. 

Trees 30 ft. aparl 

Trees 40 ft. apart. 

ft. ft. 
220 X 198 
264 X 165 
330 X 132 

34,104 

33,840 

33,048 

Trees required. 
133 

132 

129 

Trees required. 

85 

85 

83 

Trees required. 

38 

37 

37 

Trees required. 

21 

21 

21 


At whatever distance apart it is determined to plant the trees, the most effective method for 
securing a free circulation of air is what is known as “ quincunx fashion,” which has been explained 
under the cultivation of coffee (see Coffee, p. 693). 

With careful attention, the olive will begin to repay the expense of culture in 4-5 years after 
planting, without taking into account what may meantime be got off the ground by inter- 
cultivation. 

Diseases and Enemies . — ^Many insects attack and live upon the olive. Perhaps the worst is the 
olive-fly {Dacus olew), which appears when the fruit is ripening, and is most numerous in years of 
abundance. It inhabits the pulp of the fruit, sometimes more than one in each, and is more trouble- 
some according as the harvest is later. It is destroyed by ants, but no real remedy for it has been 
devised. Another pest is Tinea oleella, which attacks the leaves, buds, and fruits by turn, and also 
causes excrescences on the branches. Fsylla olece is abundant at the flowering season, and attacks 
the leaves and the peduncles of the flowers ; it sucks the sap from near the flowers, causing them to 
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be abortive, and attaches a cotton-like substance which increases the bleeding. No means are 
adopted to repel this parasite, and the growers in Italy look for the N.-W. wind to drive it away. 
Cocoas olea does more damage by causing a serious loss of sap, than by what it actually consumes. 
No real remedy has been invented for it. ffylesinus oleiperda lives under the bark of the young 
branches, and even occurs on dead wood. Its ravages are curtailed by cutting and burning infected 
branches. Phloiotribus okce causes a manna-like exudation. Among vegetable parasites, are a 
mushroom, Dmmatium, monophyllum, which causes branches and leaves to become black ; the remedies 
used are lime-water, coal-tar, and petroleum. Another fungus, Agaricus olearius, infests the stems of 
old trees. 

Harvesting . — The fruit of the olive is a “ drupe,” a botanical term applied to fruits which are 
externally succulent or fleshy, with a hard-shelled seed. The shape varies according to kind : it is 
generally oval, sometimes round, sometimes obovate, occasionally acuminate. It varies still more in 
colour, according to kind, and to stage of maturity, — green, whitish, violet, yellow, red, or even 
black. The fruit is produced in vast profusion, so that an old olive-tree becomes very valuable to 
its owner. 

The proper time for gathering is the eve of matnrity, presuming that the cultivator aims at the 

production of the finest quality of oil. If delayed too long, and the fruit becomes over-ripe 

especially if it be allowed to fall, — there is a loss in quality, but a small gain in quantity. But 
while advocating the gathering of the fruit at the stage at which it will produce the best and 
highest-priced oil, it is necessary to point out, as one of the advantages of the crop, that should the 
owner be unable to gather his olives then, they are yet available even in a state which in other 
fruits would be regarded as rottenness — for the production of a still marketable though not so 
valuable commodity. 

Another inducement to harvesting the olive as soon as H is fit for gathering is to be found in 
the fact that, by delaying too long, the productiveness of the tree for the next year is prejudicially 
affected. Early gathering, on the other hand, relieves the tree, and gives it time to strengthen for 
another crop. The olive, if left to itself, will only bear once in two years. This has been 
attributed in great measure to the injury received by the tree in the practice of beating down the 
fruit : but there is no doubt that, in skilfully-managed plantations, the trees bear annual crops, and 
that the early gathering of the fruit contributes largely to this end. If the fruit is left on the tree 
too long, it is taking sap wliich ought to go to the formation of new shoots for fruiting in tho 
following year. 

The best mode of gathering is by hand. The system elsewhere alluded to, of cultivating low- 
growing trees, much facilitates the harvest. Thc^athering can be done by children, and, with tho 
aid of light “ steps,” the fruit can be reached from the top of the tree. The system of beating the 
fruit from the tree with light wooden rods, although very old, and still resorted to in some places, 
should never be practised by the intelligent and painstaking agriculturist. However skilfully done, 
it carmot fail more or less to injure the young branches, as the blows must fall at random ; and what 
will snflice to bring down the fruit will also strew the ground with leaves and tender shoots. The 
practice has the additional disadvantage of involving the picking-over of the fruit, in order to 
separate leaves, sticks, and other rubbish, before pressing. Shaking the tree is also resorted to as 
a means of obtaining the fruit ; but, though not so injurions as beating, is not recommended. The 
practice obtains in Syria. 

A good method of ascertaining if the fruit is fit for gathering is to apply a slight pressure with 
the finger and thumb ; if oil exudes, the olives are considered fit for the press. The laro-est fruit 
is the Spanish ; and the olives of Andalusia are said to smpass, both in size and quality, those of 
other Spanish provinces. The harvest extends over 6-8 weeks; as the fruit matures, and is 
gathered, it shonld be laid on shelves, so as slightly to dry. Contact wiU do no harm, so long as it 
does not bring about actual heating ; excessive fermentation results in inferior quality of oil. 

Yield and Value . — Decandolle states the quantity of oil produced by the olive at 50 per cent, of 
the gross weight ; Sienve says that 100 lb. of olives yield 32 lb. of oil viz. : — 21 from the pericarp, 
4 from the kernel, and 7 from the shell ; others state it at 25 per cent., and from inferior varieties as 
low as 10 per cent. It is extremely difficult to give an average yield per tree. Productiveness is 
governed by variety, climate, soil, culture, and age. The quantity of the crop is also liable to be 
affected by extremes of wet or drought, lateness of season, hailstorms, gales of wind, and 
seasons unusually rife with destructive insects; but after allowing for all possible drawlmcks, 
the tree is considered to be one of the most profitable crops known to agriculture. The lowest 
average stated for a series of years is 1 gal. a tree ; while on other estates, the average is given at 
lJ-2 gab Taking the lowest average of 1 gal. a tree, and 60 trees to the acre, the produce at 8s. a 
gal. would be worth 241. an acre in the early years of bearing ; while the value of the cultivated tree 
increases as a matter of certainty with each additional year of age, until maturity. These figures 
exclude all consideration of the feeding or manurial value of the residue from the expressing 
process. 
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Extraction. — In the extraction of the oil, there are two distinct processes — (1) cmshlng, and (2) 
pressing. ^ 

In the first process, the fruit is by some completely crushed ; by others, the pericarp only is 
first crushed, and when the oil from that part of the fruit has been separately expressed, the 
more complete crushing is applied for obtaining the remainder of the oil. This difference of 
system arises from the fact that opinions differ as to the quality of tlie oil from the several parts of 
the fruit. There is no doubt that much of the delicacy of flavour which characterises the oils of 
highest repute is doe to the pressing and storing, rather than to the crushing ; while it is also 
influenced to no slight extent by the variety of the olive, and the degree of maturity and the 
condition of the fruit when crushed. 

The time for gathering the fruit is the eve of maturity. It is overripe for the finer quality of 
oil, if allowed to fall. This condition being complied with, much still depends upon the length 
of time allowed to elapse between the gathering and crushing, and the treatment to which the fruit 
is subjected in the interval. There is no doubt that fermentation in the fruit should be carefully 
watched, as anything like excess impairs the quality of the oil produced. On the other hand, no 
amount of fermentation affects the quantity of oil ; and where this is the main object of the maker, 
the olives are often allowed to ferment in heaps for months, till it is convenient to crush them, when 
they have to be dug out of the bins to put through the mill. But a slight degree of fermentation, 
if unaccompanied by any material heating, does not appear to affect injuriously the quality of the 
oil, while it facilitates the separation of the oil from the mucilage. The extent, however, to which 
fermentation is allowed to proceed should be jealously regulated, as there is no doubt that, beyond 
a certain point, the oil suffers in quality, and becomes unfit for the more delicate uses of food and 
cookery. The safest plan is to gather the olives at the right time, and crush them as soon as there 
are enough together. Meanwhile, they should be stored in moderate layers on shelves, the most 
complete arrangement being one which will a dmi t of free currents of air above and below the 
layers. 

The fruit is first reduced to a pulp, either with or without crushing the stones, according to the 
views of the miller as to the effect which this has upon the quality of the first droppings from the 
press, which are always regarded as the best. The crushing process should be conducted by a 
slow and regular movement, without jerking, in order that all the oil-cells shall be broken, and the 
press not be called upon to do any of the work which is supposed to have been previously done by 
the mill. The pulp or paste is then shovelled into bags, which are placed one on the other 
to a convenient depth in the press. In this process, as in that of the crushing, the power should be 
applied steadily, slowly, and regularly, to affonf time for the oil, as it exudes, to escape from the 
press through the proper channels. The pressing should be conducted in a warm temperature, and 
with as little exposmre to the air as possible. 

“ 'Virgin ” oil is that obtained by the first pressing, before the application of water or heat to 
the pulp. This is run into water, where it is allowed time to deposit its mucilage, and, after being 
skimmed off, is kept separate. In the district of Montpellier, however, the term is applied to the 
oil which spontaneously separates from the paste of crushed olives. This oil is not met with in 
commerce, the quantity being obviously too small ; it appears to be used by watchmakers, and for 
other purposes requiring extreme purity. So soon as all exudation of oil from the first pressing 
ceases, the screw is reversed, and the bags are removed and emptied. The pressed pulp being put 
carefully aside, and the bags refilled, pressure is again applied, and the process is repeated until 
the whole crushing has gone through the mill. 

The marc, which has thus been once pressed, is then thoroughly separated, and stirred up with 
boiling water, and the process of pressing is renewed, this time the pressure being increased, 
though still gradual and steady. This second oil is nearly as good as the first, but apt to become 
rancid in time. The bulk of the oil, after this second process, is skimmed off the water in the 
receivers ; but entire separation takes a long time, and, when it is complete, the process is reversed 
by the water being drawn off from below. Once more is the marc subjected to treatment with 
boiling water ; and it is at this stage that, when the stones were not cimshed in the first milling, 
that process is now gone through, and the last of the oil is obtained. This pressing is, however, 
regarded as of inferior quality, and is kept carefully separate from the results of numbers one and 
two, being commonly termed “ pyrene-oil.” 

The water which has been used in the several processes, and which still contains an admixture 
of oil, is conducted into large reservoirs, generally constructed underground. Here it is left for a 

considerable period, during which, the mucilage, water, and oil thoroughly separate the first 

falling to (he bottom, while the last rises to the top, whence it is ultimately skimmed off, and 
applied to local uses of an inferior character, such as burning in lamps. This oil, taking its name 
from the French designation of the reservoirs used in its extraction, is termed “ oil of the infernal 
regions.” 

The process of the second extraction by the aid of heat is in large mills sometimes effected by 
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an arrangement for the thorongh separation of the pulp, and freeing of the oil, as illustrated- 
in Pig. 1020. 

The plant required in the manufacture of olive-oil on a moderate scale consists of a mill for 
crushing, a press for separating the oil from the solid portions of the fruit, receivers into which the 
oil is run from the press, and the necessary vessels for storage and for the market. Besides these, 
there must be a building of some kind in which the various operations are carried on. In the large 
majority of cases, the machinery employed is of the rudest kind, and its merits rest entirely upon 
its simplicity. The mill is universally an edge-runner, made of some perfectly non-absorbent 
material, such as granite or red marble. The motive power may be cattle or water. The press is 
usually of the old screw or beam types, such as any carpenter could construct. In Spain, the oil is 
stored in immense stoneware jars, called tinajas. Fig. 1020 shows the complete arrangement of a 
mill and refinery, for extracting all the available oil, suited to the needs of a planter. The most 
improved apparatus for conducting operations on a very extensive scale is described in separate 
sections of the present article (see pp. 1451, 1459). 


1020. 



The wooden or leaden pipe a with a tap at b, b for admitting water into c, which is a stone or 
wooden tank of sound and solid construction, with a m'dlstone on the floor perforated in the middle. 
The hard-wood beam d, generally of oak, is held vertical by a cross-beam, and penetrates the wall 
of c, into the opening i ; a horizontal water-wheel I is here attached to it, and it rotates on its axis at 
i. The millstone g is generally 5-6 in. thick, and 4-5 ft. deep ; the heavier it is, the better the 
crushing is performed. The wheel I is driven by the current of water supplied by the channel m. 
The feed of this water is important, as it determines the speed at which the apparatus is driven ; 
the motion must not be too rapid, or there would be a danger of re-absorption of part of the oil. 
The channel n is for the escape of the crushed fragments and liberated oil from the tank c ; it is 
made in a zigzag, to relieve the rush of the water and materials into the reservoir p. To prevent 
the inflow from stirring up the sediment on the bottom of the reservoir, it is made to impinge on a 
slab of wood fixed close to the end of the spout n. The Ist reservoir p is made of either stone or 
brick ; it is the largest of the series, and commonly measures 10 ft. by 8 ft. The outlet from p is 
made by a valve q, connected with a spout r, the exit being from the centre of the depth of the 
tank, and not from the surface. The spout r empties into the 2nd tank s, impinging on a slab as in 
the let. The tank s communicates directly with t, and t with r, the exits being at the centre, as 
shown at y. The water that flows from the upper part of the tank c is charged with remnants of 
the fruits, a little oil, and some particles detached from the kernel of the fruit, known as “ black 
crust” ; the other parts of the kernel remain at the bottom of the tank, but as they retain little 
bits of fruit, provision is made for their withdrawal by a hole in the wall of c, connected with 
a pipe /, which thus carries the water and the rest of the fruit, called “ white crust,” into a tank A, 
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AnminiinWHn g With two Others / tt by valves similar to q. The mode of operation is m foUows. ' 
The husks of the olives, after having been crushed in the ordinary mill, are spread on the floor ot 
the refining-mill, to be taken from there into c. When there is a sufScient quantity in c, the miU 
is set in motion for i hour, so that the crust (husk) is crushed another time. After this, b is 
opened to let in some water, and the wheel is made to turn again. The force of the water n^mg 
rapidly, and that of the mill, serve to more completely dissolve the husks ; more water is added to 
turn the wheel, and at last all the water is let loose. The black crust rises to the surface, and the 
water fiowing through n drags it into the tanks p, s, t, x. When it appears that the water drags no 
more particles of black crust, the valve at the bottom is opened, and then the water carries off the 
white crust into the tanks A, j, «. When the waters of these black and white crusts have amved 
into their respective tanks, or when the vat is emptied of whatever kind of crust, the vat is re- 
plenished with husks. 

While this operation is going on again, a man near the tanks, armed with a long-handled 
scraper or rake, passes it lightly over the surface of the water in the tank, and thrusts it into the 
comers, so that the oil and particles of the fruit come to the top, upon which he takes a short- 
handled perforated ladle, or what is still better, a hair sieve, and gathers all that is on the surface 
to throw it into a bucket He goes on with this work till the water of the different tanks, without 
being agitated, shows nothing more on its surface ; hereupon he carries his bucket over to the 
boiler e, into which he empties the contents. This boiler is half full of water, which is allowed to 
boil until the smoke is quite white and thick, which is a sign that the water has evaporated 
snfSciently, and that the paste is thick enough. 

The workman takes the substance out with a large ladle, and fills the baskets z ; these are put 
one above the other, and pressed by screw presses, the oil escaping into receptacles. The whole of 
the paste or doughy water is not taken away during the operation. It is necessary to leave a 
certain quantity at the bottom of the boiler, in order that the boiler should not be burned, and that 
there should be time to fetch some water from the tubs. 

As soon as the press acts on the baskets, boiling water is sprinkled on the outside of them. 
This helps to detach from the outside those particles of oil which otherwise would not drop down. 
They flow with the other oil into the same tubs. The whole is then put into jars ; and as water is 
heavier than the oil, the former goes to the bottom, and the latter floats. The whole is allowed to 
rest for a few days, during which all the sediment separates from the oil and goes to the bottom of 
the water. The jars are opened by a tap at the bottom, when the sediment is the first to come 
out, and it is carried to the boiler to be re-boiled; afterwards comes the water. Then, when the 
oil begins to show, the tap is shut. This oil is put into casks ; but sometimes again into other jars, 
which operation naturally purifies it still more. 

Beverting to the tanks containing the different kinds of crusts. After having gathered as much 
as possible of the oleaginous part, and the different particles of fruit, a workman armed with another 
scraper agitates the bottom of the basins, towards where the sediment with the other particles has 
been precipitated ; then all the oleaginous and light particles that float on the top are taken away. 
This operation is repeated often, and when it appears that there is nothing more to be taken away 
from the tanks pstx, the valve is opened in the basin ar, to allow the water and sediment to flow 
away. Even this sediment could ^ boiled over again, and would give a little oil, for if there 
were basins for half a mile, the last would give some particles. 

The husks, after having been taken away from the press, are made use of to keep up the fire 
under the boiler. They form also an excellent kind of grease. As to the white crust, or 
remainder of the kernels that remain in the teinks A/ w, they have to undergo the same operations as 
the black crust. Finally, the valve is opened; but, as this tank is furnished with an iron grate, 
it is only the water that can escape, and the white crust remains dry. This crust is sometimes sold 
for heating the furnaces, and the profit derived from it is snfScient to pay the wages (in Spain and 
Italy) of the men employed in the refinery. Husks and various oily crusts and residues are now 
exhausted of their oil by the carbon bisulphide process (described on p. IISI) in many places on 
the Mediterranean coasts. Such oil is usually dark-green and stronger in stearine than the other 
oil ; it is used for soap-making. The only purification of the oU generally adopted in S. Europe is 
by allowing it to stand for a long time, and deposit its sediment. More elaborate processes of 
purification are described under a separata heading of this article (see p. 1458). 

Statistics of Production and Commerce. — ^The olive is grown in 12 departments of France, all situated 
in the S. ; they are chiefly Var, Vaucluse, Bouches du Rhone, (Jaud, and Alpes Maritimes. The 
area occupied by it was stated at 317,800 acres in 1877 ; the production of fruit in that year was 
7,318352 bush., and of oil, 392,618 cwt. Nantes exported 4636 kdo. in 1879 to England, Mexico, 
Venezuela, and Brazil. Lisbon exported 267,073 decal, (of 2^ gal.), value 8.3,555i., in 1876. The 
Portuguese oil is very carelessly prepared, but of fuller and richer flavour than those of France and 
Italy. Spain is calculated to have 1 million hectares (of 2J acres) planted in olives. The chief oil- 
producing districts of the province of Cordoba are Agnilar, Baena, Bujalance, Cabra, Castro del 
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Bio, Fnente Obijana, Hinojosa, Lncena, Montilla, Montoro, Posadas, Fozoblanoo, Priego, Bambla, 
and Knte, which have a total of 468,335 acres covered with olives, and produce an annual average 
of over 2j million gal. of oil. The oil from Bnjalance and Montoro finds a ready market in 
La Mancha and Madrid ; whilst Aguilar, Cabra, and Lncena send their surplus to Malaga. The 
oil from the other districts goes mostly to Seville for exportation ; but the Spanish oils are unable 
to compete with Italian and French in the foreign market, owing to their strong odour and 
flavour. The exports of olives and olive^oil from Cadiz in 1878 were : — Olives : 14,596 kilo, to 
Germany, 13,060 to Brazil, 458,202 to Spanish colonies, 1946 to Denmark, 7280 to United States, 
6729 to France, 4112 to Holland, 50,263 to England, 1750 to Italy, 52,712 to Mexico, 4112 to 
Portugal, 112,956 to Argentine Republic, total, 727,718 kilo.-, olive^iil: 269 kilo, to Germany, 
930,578 to Spanish colonies, 4020 to United States, 20,618 to France, 13,382 to England, 1150 to 
Morocco, 73,975 to Mexico, 20,566 to Argentine Eepublic, 440 to British Colonies, total, 1,064,998 
kilo. Santander, in 1879, shipped 50,000 lb. of olive.a)il to France. Seville, in 1877, exported 
olives and oil as follows : — Olives: 140,000 kilo., value 28001, to England ; 145,000 kilo., 29001, to 
France ; 30,000 kilo., 6001 to United States ; 1,792,000 kSo., 35,8401, to Spanish colonies and coast- 
wise; total, 2,107,000 Aifo., 42,1401; oil : 1,230,000 AiTb., 49,2001, to Great Britain; 309,000 kilo., 
12,3601, to France ; 15,358,000 kilo., 614,3201, to Spanish colonies and coastwise ; total, 16,897,000 
kilo., 675,8801 ; the olive-refuse shipped from this port in 1877 was 400,000 kilo., 8001, to Great 
Britain ; 1,766,000 kilo., 33321, to France ; total, 2,166,000 kUo., 43321 ; the olive-refuse exported to 
France in 1878 amounted to 7400 tons. Malaga exported 3,108,000 gal. of oUve-oil in 1878, and 

1.400.000 gal. in 1879; it goes mostly to the Baltic. The total Spanish exports of olive-oil were 

52.356.000 kUo. in 1873, 4,992,000 in 1876, and 24,612,000 in 1878. 

The area occupied by olive-yards in Italy in 1874 was 2,223,768 acres ; the production of fruit 
in the same year was 9,310,375 bush. The total Italian exports of olive-oil were 51,413,000 kSo. in 
1878, and 88,655,000 in 1879. The shipments of olive-oil from the chief Neapolitan ports in 1878 
were; — 10,820 tuna from Gallipoli, 915 from Taranto, 5860 from Gioja, 1885 from Brindisi, 925 
from Monopoli, total, 20,405 ; the destinations were : 5553 for United Kingdom, 6752 for Russia, 
972 for France, 310 for Germany, 305 for Holland and Belgium, 203 for Austria, 6950 for Italy, 
360 various ; total, 20,405. In 1879, the shipments were : — 4298 from Gallipoli, 6138 from Taranto, 
9727 from Gioja, 7654 from Brindisi, 3070 from Monopoli, 1744 from Rossano, total 32,631 ; the 
destinations: 10,313 to Great Britain, 10,573 to Russia, 7786 to Italian ports, 1619 to France, 2340 
to other countries, total, 32,631. Naples, in 1879, exported 1,485,721 Atto., value 101,0641. Oivita 
Vecchia, in 1877, exported 9187 kilo, of oil, value 4971. The island of Sardinia, in 1877, produced 
53,326 hectol. (of 22 gal.), 47,446 being from Sassari province. The Balearic Islands exported 
26,838 hectol. of olives, and 3,152,493 litres (of 1| pint) of oil, value 123,2361., according to the latest 
returns ; Ivica and Palma send most, Minorca none. The olive is cultivated along the littoral of 
S. Dalmatia, the best oil being produced in the district of Ragusa. The export of oil was 208,466 
centners (of 110 lb.) in 1875, and much greater in 1876 and 1877. Trieste shipped 354 tons of 
oil to Great Britain in 1879. The total Greek export was 12,244,615 okes (of 2’83 lb.) in 1875. 
The exports of olive-oil from Samos in 1879 were valued at 47001. to England, 61801. to Austria 
and Germany, 8900J. to Turkey and Egypt; total, 19,7801. Patras, in 1878, was expected to 
prepare about 10,000 tuns of olive-oil for exportation. The provinces of (Jalamata and Messenia 
produced 2000 tons of olive-oil, value 68,0001., in 1880. The Santa Maura harvest of 1878-9 was 
imnsnally abundant, amounting to 55,000 barrels, or about 3437 tons. The Zante crop of 1879 was 
estimated at 20,000 barrels as against 70,000 in 1878. The shipments of oil from Syra in 1879 
were valued at 2601. to Austria. The value of the olive-oil shipped from CJorfu to Great Britain 
was 94841. in 1877, besides nearly 2001. worth of soap made from pyrene-oiL In 1878-9, the crop was 
220,009 barrels (of 16 gal.), or 13,968 tuns, and the values of the exports were 34,0001. to England, 
106,2001. to Austria, 123,0001. to Italy, 22,0001. to Russia, &c., the total exceeding 304,0001.; 
there were besides 560 tons of soap made from common oil, and 150 tons from pyrene-oil, repre- 
senting a total value of 19,8001. Cyprus produced 103,114 gab of olive-oil a short time since, 
but this figure might be enormously increased. Crete depends chiefly upon its olive-yards ; the 
exports of oil in 1879 were : — 2400 tuns, value 84,3501, from Candia ; 2050 tuns, 71,7001. from 
Canea ; and 400 tuns, 14,4001. from Bethymo. Its destination was almost exclusively the 
Barbary coast, only 330 tuns coming to the United Kingdom. The exports of olive-oil soap 
in 1879 were: 50,000 cwt., 66,5401., from Candia; 11,700 ewt., 15,7501. from Canea; and 

21.000 cwt., 27,0001. from J^thymo. Thessaly exported 20,0001. worth of olive-oil in 1880. 
OliveoU is produced throughout Syria, but chiefly on the plains of Safet, Nazareth, and Nablous. 
The plantations are being extended widely. The exports from Jaffa in 1879 were 2,000,000 okes 
(of 2 ’83 lb.), value 74,0741., to Emrope, chiefly France; also 55,0001. worth of olive-oU soap. The 
Persian province of GhUan exported 28841. worth of oil and soap to Russia in 1878, and 30771. 
worth in 1879. The olive-groves of Eoodbar annually produce an average of 100,000 cwt. of oil, of an 
inferior (quality from careless treatment. The climate of Algeria is specially suited to the olive, 
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€Uid at least 3 million trees are now growing there under cultiration. In 1877, the production of 
firnit was 55,239,000 Aito., yielding 1,543,400 hecM. (of 22 gal.) of oil. In 1878, the figures increased, 
and there is yet room for development, especially in Kabylia. The exports of oil were 
3,245,708 kHo. in 1877, 710,330 in 1878, and 3,003,703 in 1879. Olive-gardens constitute the 
main wealth of the Moroccan provinces of Haha and Sus, but during the last few years, the 
crops have constantly failed, and barely supplied local needs. The Tunisian districts of Susa, 
Monastir, Media, Sfax, and Biserta maintain 4-5 million olive-trees. The exports in 1873 were 
3472 tuns, value 125,893f., chiefly to France. Olives have been grown successfully in several of 
the S. states of America, but not profitably. More satisfactory results have been obtained in 
California, where one grower has some 6000 trees in bearing, and recently sent 1000 gal. of the 
oil to San Francisco. The Department of Agriculture is fostering the industry by importing 
cuttings of the best European varieties. Olive-oil is extensively prepared in several states of 
Mexico, especially Guanajuato and the Federal District. Victoria had 20 acres under olives in 
1878-9, besides many trees in gardens ; the industry has doubtless a great future before it in 
portions of every Anstraliau colony, and in much of the N. island of New Zealand. At the Cape, 
at least one indigenous species of olive (Ofea capensis) is found growing wild almost everywhere, 
and only needs grafting and cultivation to become a valuable resource to the colonial planter. 

Charactert and Uses . — Superior olive-oil is a somewhat viscid liquid, pale- or greenish-yellow, of 
faint, agreeable odour, and bland oleaginous flavour; sp. gr. 0'916 at 17^° (63j° F.); commences 
to lose transparency by separation of a crystalline fatty substance at 0°-10° (32°-50° F.) ; when 
congealed and pres^, affords J of solid fat, melting at 20°-28° (68°-S2J° P.), the fluid portion 

(oleine) remaining liquid at — 4° 10° (25°-14° F.). It is one of less alterable, non-drying oils. 

The beat kinds of oil are consumed enormously in food and medicine, constituting the “ salad-oil ” 
of the shops ; the commoner kinds are employed in lubricating, illuminating, woollen-dressing, and 
the manufacture of soaps. It is most extensively adulterated with refined cotton-seed, ground- 
nut, and other oils. 

Ouabe and Bread-nut-oil. — The former name is applied in Guiana to an oil extracted from 
a species of Omphatea (see Nuts — Bread-nut, p. 1352), and said to be an admirable lubricator. 
In Jamaica, a fine limpid oil is also obtained from one species, but its congealing-point is not 
ascertained. 

Owala or Opochala. — The seeds of Pentaclethra macrophylla, known as moala in the 
Gaboon, and opochala in Fernando Po, afford much oil. The kernels alone yield 56 per cent, by 
ether extraction, and the whole seeds 50 per cent. It has a clear-yellow colour, but becomes brown 
on purification. It loses its limpidity at 11° (52° P.), and becomes viscous at 0° (32° F.), but does 
not dry in thin layers, even after several days’ exposure. Its flavour and odour are not disaoree- 
able. It is adapted to soap-making and lubrication, and is edible. The seeds are imported^into 
Botterdam. 

Palm-oil (Fb., HuUe [Searre] de Palme ; Gee., PaImSl).—The so-called “ palm-oU ” is a product 
of the ftuit of several species of palm, but particularly of Elais guincensis (see Nuts Palm, p. 1359) 

For the production of commercial oU for exportation, the spadices are cut from the trees, and put 
in a heap in the outer air, where they are allowed to remain for 7-10 days ; this causes the joints 
of the nuts to be weakened by the process of decomposition, and they are then easily detached by 
simply beating them. The nuts or fruits are gathered together, and the husks that adhere to 
their base are removed, either by hand or by the rubbing them together, and are separated by 
throwing them in the air, and allowing a strong breeze to blow them away. A hole about 4 ft 
deep is dug in the earth, and lined with plantain-leaves, into which the nuts with their hard un' 
yielding pulp are put, and covered over, first with plantain-leaves, and then with palm-leaves and 
earth. The nuts are allowed to remain for various periods— from three weeks to three months— 
untU more or less decomposition has taken place, so that the pulp when removed is soft and 
appears as if it had been thoroughly boiled. They are now put into a trough, made by diggin<' a 
hole 4 ft. deep, and paving it below and around with rough stones. In some cases, a portion of the 
nuts is bofted in iron or earthenware pots, and then mixed with the unboiled portion before puttino- 
into the trough. They are now pounded with wooden pestles by men standing around the trouo-h 
untU the pulp is quite detached from the surface of the hard nut ; the whole is removed from the 
trough and piled in a heap, and the stones are taken out, leaving the oily fibrous pulp which is 
put into a pot with a smaU quantity of water under a good fire, and well stirred until the oil 
begins to melt out The pulp is then put into a rough net, open at both ends, to which are 
attached two or three short sticks, by turning which in opposite directions the oil is squeezed out 
through the nets ; it runs into a receiver or tub, leaving the fibre behind. The lono-er the oil n t 
remain underground, the thicker the oil will be when made, the quality will also be inferior a"^ d 
the smell bad. On the other hand, the shorter the time, within certain limits durin<r which tL 
nuts are underground, the better will be the oil made from them. It is evident froin this ron h 
mode of preparation that the oil is liable to contain more or less vegetable fibre, which is apU 
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act as a ferment, and render the oil rancid in conrse of time, besides holding in suspension a vary- 
ing quantity of water. These impurities in the commercial oil are further increased by the fact 
that, when the oil is brought down to the coast, should no vessel be there prepared to receive it, it 
is frequently buried in the sand till an opportunity arrives for exporting it. 

The following is the method of manufacturing the oil for internal consumption. The spadices 
are kept in a hot place for 3-4 days, and the nuts are then taken out. A small quantity (3-4 lb.) 
is made at a time. They are boiled in iron pots, then put into a wooden mortar, and pounded with 
wooden pestles. The pulpy mass is next mixed with tepid water with the hand. The chaff is 
first removed, and afterwards the stones. The oil remains mixed with the water, which is passed 
through a sieve (to remove the remaining chaff) into a pot placed on the fire, heated up to boUing- 
point, and allowed to continue in that state whilst the oil floats up as a bright-red substance. 
The water at this stage is being continually stirred, and the oil is removed as it floats up until the 
whole is collected. The oil is now put into a pot and heated, to drive out any water that may 
remain. 

It has been estimated that the yield of oil from this palm is at the rate of 7 cwt. an acre, or 
more than ^ greater than the oil product from the olive in 8. Europe. On some parts of the W. 
coast of Africa where the regular collection of the fruits is not practised, the trees grow so thickly, 
and afford such regular and rapid crops, that the ground becomes covered with a thick deposit of the 
fatty matter afforded by the fallen nuts. 

The oil obtained from the pericarp, the palmoil proper, has the consistence of butter, a yellow 
colour, an odour resembling violets, and a mild flavour ; it easily becomes rancid, bleaches in the 
sunlight, saponifies readily with alkali, dissolves in all proportions of ether, and in alcohol at 
O' 848 sp. gr. Its industrial applications are for the manufacture of candles and soap (see Candles ; 
Soap) ; and the manufacture of tin-plate, in 8. Wales and elsewhere. For this latter purpose, its 
non-drying qualities render it valuable as a preservative of the surfaces of the heated iron sheet 
from oxidation, until the moment of dipping Into the bath of melted tin, the sheets being rapidly 
transferred to that from the hot oil bath, which consists almost entirely of palm-oil. The softest, 
purest, and most neutral oil is preferred for this purpose, and the kind known as “Lagos” is 
much used therefor. The exports of palm-oil from Lagos were 3,304,967 gal., value 239,1337, in 
1877, and 1,570,638 gah, 139,0947, in 1878. 

Until 10-12 years ago, pahn-oil from certain parts of the African coast was usually mixed with 
the oil obtained in a very crude way from the kernel of the fruit (see Palm-nut-oil) ; as the kernels 
were somewhat burnt in the process of extraction, they communicated a peculiar smell to their oil, 
and that again to the palm-oil, which was known in the market as “ coffee-oil,” and, being difficult 
to bleach, and weaker in body, was considerably lower in price than good palm-oil. It is more usual 
now, however, for the kernels to be sent to England to be treated. 

Scarcely any oil that finds its way into commerce has a greater range of quality than palm-oil. 
The various kinds are well known by the names of the parts of the coast whence they are shipped. 
The oil used to be brought home by small vessels trading from London, Liverpool, and Bristol, 
which went out with empty casks, and lay some months along the coast, especially near the mouths 
of rivers, until they were filled up with oil. The great regularity with which steamers now call at 
many African ports, and the cheapness of freight, has materially altered the mode of conducting 
the trade. Casks are now left at the various depots, and instead of, as formerly, a 300-ton ship 
coming home laden with one or two classes of oil, steamers arrive regularly in Liverpool with car- 
goes chiefly of palm-oil, made up at various ports of call, ranging perhaps from 8° N. and 13° W. 
(near Siena Leone) to 10° S. and 12° E. 

Along so great a range of coast, it is not a matter of surprise that there should be such variations 
in the quality of the oil, especially when, to differences in climate affecting the trees and their fruit 
are added differences in mode of preparation, &c. It is found, however, that the oil from any given 
port is tolerably uniform in quality. Thus, as explained before, Lagos oil, which chiefly comes to 
London, is the most neutral (i.e. non-rancid) and the cleanest, the water and other impurities not 
exceeding 1-2 per cent. ; it is also nearly the softest. On the other hand, “ Brass ” oil is almost 
equally pure, but is the hardest of all the varieties, and contains the largest percentage of palmitic 
acid ; hence it usually commands the highest price for candle-making in the Liverpool market. 
“Cameroons” and “Windward” oils (which chiefly come to Bristol) occupy an intermediate 
position as regards hardness ; in the latter, impurities may amount to 5-6 per cent. “ Saltpond ” 
and “ Monrovian ” may be mentioned as instances of the most impure oils, 25 or even 30 per cent, 
being not an unusual amount of impurity. On this account, it has been proposed to sell palm-oil by 

analysis, guaranteed to contain per cent, of clean oil, just as soda-ash is sold at, say, 55 per 

cent. soda. The presence of these impurities tends to partially decompose the oil, and render it 
harder, since the fatty acids are more solid than the neutral fat whence they are derived. Any 
determinations, therefore, of the melting- or solidifying-points of palm-oil are utterly misleading. 
Commercial palm-oil itself is a mixture of palmitine and oleine (the glycerides), and of palmitic 
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and olefo acids, in Tcry varying proportions, witli the addition of uncertain quantities of water, vego^ 
table fibre, and sand. 

Palm-nut-, Palm-kernel-, or Palm-nut-kemel-oil. — This oil, which is known in com- 
merce under each of the synonyms given, is extracted from the nuts or kernels of the fruit described 
under Palm-oil. Some 10-12 years ago, the nuts were partly charred, and the oil that ran from 
them, discoloured by the burnt cellulose, was exported either separately or mixed with palm-oil. 
This brownish oil could only be very slightly bleached, and was therefore not of great value for 
soap-making. Since the improved methods of oil extraction (see p. 1451) have been worked out, the 
nuts have been exported to England, and the nearly colourless oil there extracted, while the ground 
nuts have been used for cattle-food. The following is a description of the old process, which is 
still in vogue in some districts. 

The nuts which have been subjected to tbe processes described for making oil are deprived 
of their external pulp, and the kernels only remain ; or old nuts are picked up from under the 
trees, and put in the sun for days, and even months, until they are perfectly dry. They are then 
broken between two stones, and the kernels are obtained whole, in perfect condition, and fit for 
exportation, and so form the commercial palm-kemels. If they have not been perfectly dried, the 
kernels break into pieces. The oil obtained from these kernels by the following process is called 
“ white-kemel-oil.” Ttiey are placed in wooden mortars, and pounded very finely ; then removed 
to a grinding-stone, and ground into a homogeneous mass, which is put into cold water, and stirred 
with the hand. The oil rises in white lumps on the surface of the water, and is collected and 
boiled. It is of a very light straw-colour, and, when exposed to tlie sun and dew, becomes, after a 
time, perfectly white. “Brown” or “black ’’oil is thus obtained. The kernels are put into a 
pan, and fried; the oil ooxes out, and is strained; the fried nuts are placed in wooden mortars, 
pounded, and afterwards finely ground on a grinding-stone. The mass is thrown into a small 
quantity of boiling water, and stirred constantly ; the oil rises, and is continually skimmed off. 
The pulpy mass is removed from the fire, spread out in a large bowl, and allowed to cool, after 
which it is again ground, and put by until the cool of the day, when it is mixed with a little water 
to soften it. It is now beaten with the hand for some time until the oil comes out in white pellets. 
As soon as this is observed, a large quantity of water is put into it, and a fatty substance floats on 
tbe top ; this is skimmed off and boiled, and tbe pure oil is obtained. 

By whichever of these processes it is obtained, the oil, when freed from impurities, is of a pale 
primrose-yellow colour, with a characteristic odour not unlike that of coco-nut-oil, which it strongly 
resembles in its chemical and physical characteristics. Indeed, for soap-making, it has largely sup- 
planted coco-nnt-oil in the cheaper soaps in which that has hitherto been employed on a large scale. 
(See Coco-nut-oU ; Soap.) It is slightly softer than good coco-nut-oil, its fusing-point being 
tolerably constant at 25J° (78° F.). If, however, the whole of the oil be removed from the kernels 
(by a suitable solvent), the resulting meal is not so fattening for cattle, but the oil is slightly harder, 
containing a larger proportion of the higher terms of the series, lauric (or lauro-stearic) add, cocinic 
acid, &c. The oil itself, being tolerably pure, is a neutral glyceride, and does not readily get 
rancid. Its fatty acids, however, are partly fixed and partly volatile, like those of coco-nut-oil. 

Pktllwara-oil. — The pAulioara or “ Indian butter-tree ” (^Bassia butyracea) is a native of Nepal 
and the Almorah Hills, ranging between 1500 and 4500 ft. in elevation. The seeds or kernels, having 
the appearance of blanched almonds, are bruised to the consistence of a fine pulp, which is placed 
in cloth bags, and left under a moderate weight until the oil has escaped. The latter immediately 
assumes the consistence of hogs’ lard, and remains in this semi-solid condition in the ordinary 
temperature of the plains of India, say 35° (95° F.), but melts completely at 49° (120° F.). It has 
a delicate white colour, keeps for many months in India without exhibiting any unpleasant flavour 
or odour, and is soluble in warm alcohol. Locally, it is extensively used as a medicinal applica- 
tion, as a perfumed ointment, and as an adulterant of ghee (clarified animal butter). It makes an 
excellent soap, bums in lamps with a bright flame free from smoke and smell, and is suitable for 
candle-manufacture. The refuse cake after extraction of the oil is eaten by the Indian poor. For 
oils yielded by other species of Bassia, see Illipi-butter (p. 1392), Mahwa-oU (p. 1394), and Shea- 
butter (p. 1410). 

Pine-oils. — ^It is said that Prot Guillemare has succeeded, by a very simple chemical process, 
in obtaining a lamp-oil, of unusual brightness and cheapness, from the resin of Binus maritima (see 
Eesinons Substances), wliich grows in great numbers on the S.-W. coast of France, and in Dalmatia. 
Pine oil is produced in Sweden by distilling refuse wood ; 3 out of 15 factories there made over 
3000 gal. in 1870. A similar product is obtained from P. Abies, in the Black Forest. Their sp. grs. 
vary from 0"926 to 0’931, and all have very low congeahng-poiuts, say below —25° (—14° p.). 
The quantity of oil extractable by carbon bisulphide from the seeds of various kinds of pine, fir, 
spruce, &c., varies from 11-12 per cent, in the hemiock-sprace, to 29 in the Swiss stone-pine and 
Weymouth pine. 

Piney-tallo-w (Fe., Suif de Piney). — The seeds of Yateria indica, an Indian tree (see also 
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Besinous Substances — Piney-vamish), are cleaned, roasted, ground, and boiled in twice their bulk 
of water till the oil floats ; the latter is removed, and the contents are stirred, and left till the 
following day, when more oil will have separated. It is a solid fat, melting at 35°-36° (95°-97° F.), 
of sp. gr. 0-926 at 15° (59° F.), white, greasy, and of agreeable odour; it makes excellent candles. 

Piq.uia-oil. —The fruits of Canjocar brasiliense, a native of Guiana and Brazil, yield a sweet 
concrete oil, of brown colour, retaining much of the flavour of the fruit. 

Pistachio-nut-oil (Fa., Huih de Zentisque ). — An oil is extracted from the pistachio-nut 
(see p. 1359) on a small scale in Italy. The oil is greenish-coloured, sweet-flavoured, and aromatic ; 
it is used in food, but soon becomes rancid, and is then applied to lighting purposes. 

Plum-oils. — The kernels of the common plum (^Prunus domesttca) are pressed, in Wurtemberg, 
and made to yield a limpid illnminating-oil ; its sp. gr. is 0-9127 at 15° (59° F.), and its congealing- 
point is —9° (16° F.); it soon becomes rancid. The apricot {P. ai-meniaca) gives an oil used in 
India for cooking, in lamps, and on the hair. The Brian^on plum (P. brigantiaca) is similarly 
utilized in France, &c., by expressing the peeled kernels ; the oil is well known under the name of 
huile de marmotte, and is largely used instead of, or as an adulterant of, almond- and olive-oils. 

Poondy-oil. — The seeds of Myristica malabanca, a native of the forests of Malabar and Travan- 
coi e, when bruised and boiled, yield a quantity of yellowish concrete oil, which, when melted down 
with a little bland oil, is applied efficaciously to ulcers. 

Poppy-oils (Fk., Huile d" (Eilleite, de Pacot; Geb., Mohnol ). — Oil is yielded by the seeds of 
three kinds of poppy — the opium-poppy CPapaver somnifemm), the spiny-poppy (Argemone 
mexicana), and the yellow-hom poppy (_Glauciutn luteum). 

The cultivation of the first-named has been described at length under the head of Narcotics — 
Opium. In Asia Minor and Persia, after the collection of the opium from the poppy-heads (see 
p. 1309), the latter are gathered, and the seed is shaken out and preserved. It is black, brown, 
yellow, or white ; some districts produce more white seeil than others. The seed is pressed in 
wooden lever presses, to extract the oil, which is used by the peasants for culinary and illuminat- 
ing purposes. Some of the seed is also sold to Smyrna merchants, who ship it to Marseilles, 
where it is employed in soap-making, and as a substitute for linseed-oil. The average yield of oil 
is 35-42 per cent., the white seed being considered the richest. Samsoon, in 1878, exported 
454,820 kilo, of poppy -seed, value 5458f., to France. The values of the exports of poppy-seed from 
Bushire in 1879 were 25,000 rupees (of 2«.) to England, and 17,000 to India. The same economy 
takes place in India, where the plant is also grown for the sake of its seed alone in some districts. 
In this latter case, the sowing tabes place in March-April, about 2 lb. of seed being sown broad- 
cast to one acre. The seed-vessels ripen in August ; the heads are then cut off, sun-dried, sorted, 
and trodden out in bags, or threshed. The seed is immediately crushed and pressed, the yield of 
oil being in proportion to the freshness of the seed, and amounting to 14 oz. from 4 lb. under 
favourable conditions. The oil readily bleaches by exposure to the sun in shallow vessels, and is 
then transparent and almost tasteless. The natives use it very largely for cooking purposes, and 
as a lamp-oil. The cake is consumed as food by the poorer classes. The unpressed seed is 
largely exported from India, almost exclusively from Bengal ; the shipments were 449,394 cwt. in 
1878, and 249,072 in 1879. About f of the total come to England, and goes to France. The 
latter country grows a large quantity of poppy-seed at home, over 100,000 acres in the N.-W. 
having been returned as under this crop some few years since. The French oil is of two kinds, a 
white cold-drawn oil, and a coarser oil obtained by a second expression and from inferior seed, the 
total yield being 40 per cent. The finer oil is fit for alimentary purposes, and is largely used 
to adulterate olive-oil ; it is also employed as a lamp oil, and very extensively by artists for 
grinding light pigments, as, though possessing less strength and tenacity than linseed-oil, it keeps 
its colour better. The coarser kind is chiefly made into hard soaps in 8. France, being used with 
other oils to the extent of about a quarter. The pure oil has a golden-yellow tint, and agreeable 
flavour; its sp. gr. is 0924 at 15° (59° F.); it solidifies at —18° (0° F.), and remains long in this 
state at — 2°(28J°F.); is slow to become rancid, and saponifies readily; dissolves in 25 parts 
cold and 6 parts boiling alcohol ; and dries in the air more rapidly than linseed-oil. 

Argemone mexicana, a native of Mexico, has become distributed all over the globe, and is 
found abundantly in waste places and in rubbish heaps, notably in the E. Indies and America. In 
Bengal, and more or less throughout India, the seeds are collected and expressed for their oil, 
which is yielded almost as plentifully as from mustard-seed. The drawn oil is twice allowed to 
stand for a few days to deposit a whitish matter, alter which it remains clear and bright. It has a 
light-yellow colour, slightly nauseous odour, and raw flavour ; it remains liquid at 5° (41° F.), 
dissolves in 5-6 volumes of alcohol at 0‘818 sp. gr., and saponifies readily. It bums well, and has 
been recommended as a lubricator, besides being credited with medicinal virtues. 

Glauci'im luteum is a common plant on the sandy shores of the Mediterranean, the W. 
coast of Europe as far as Scandinavia, and some parts of N. America. It is very hardy, and 
cultivated with little trouble. It prefers stony and chalky soils, where few other plants will 
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thrive, and has therefore been recommended for cnltnre on such otherwise waste land. Under 
cultivation, it affords about 10 bush, of seed per acre. The seed contains 42J per cent, of oU, and 
yields about 32 per cent, by pressmre. The oil obtained by cold expression is devoid of odour and 
flavour, and has a sp. gr. of 0‘913. It is applicable to culinary and illuminating purposes, as well 
as for soap-making and paint. The cake is a good phosphatic manure. It seems to have been 
very little utilized, probably on account of the comparatively small yield of seed. 

The common red poppy (^Papaver Jihijtas) has been described under Dyestuffs (p. 864) ; in 
France, it is cultivated in Artois and Picardy, and the seeds are pressed on the spot for their oil, 
which is known as “ white oil.” 

Pulza-, Seed-, or Pnrqueira-oil (Fs., Haile de Medicinier^ de Pignon d^Inde ). — The seeds of 
Curens jntrijans (see Nuts — Physic-nut, p. 1359) yield a large quantity of oil, some 350,000 bush, 
of the seed being sent annually from the Cape Verdes to Portugal for expression. This opera- 
tion is performed in the dry, on seeds slightly roasted and crushed ; 1000 lb. of the seeds give 
640 lb. of kernels, which yield 260 lb. of oil. The industry is carried on most extensively at Lisbon. 

Safflower- or Curdee-oil. — The seeds of the safflower (see Dyestuffs, p. 865) afford about 
20 per cent, of fatty oil. The plant is cultivated chiefly for the sake of its dye, but the abstrac- 
tion of the petals for this purpose (see pp. 865-6) does not affect the yield of seed. There are 
two ways of extracting the oil from the seed : — (a) The seeds are freed from husks, crushed, 
and pressed, the product being about 25 per cent, of oil, of light colour, and good burning qualities. 
(/)) An earthen jar is set in the ground, and covered with an earthen plate having a hole of about 
i in. diameter in the centre ; upon the plate, is inverted a second jar filled with the seed, the 
joints are carefully luted with clay, and earth is piled up to the shoulder of the inverted jar ; 
dried cow-dung is then heaped around the upper jar, and kept burning for about J hour. On 
completion of the operation, the upper vessel will be i full of charred seed, and the lower i full of 
black sticky oil. The latter, extracted in this way, is valueless for burning, but esteemed by the 
natives above all others for preserving leathern vessels exposed to water, and the yield is \ more 
than by the press. The expressed oil is light-yellow and clear, and used locally for culinary and 
other purposes ; it is also said to enter largely into the composition of the so-called “ Macassar 
hair-oil.” Its industrial qualities have been neglectal in Europe. 

Shea-, Galam-, or Bambouk-butter. — The ce, shea, or butter-tree of 'W. Africa (Butyro- 
spermum [Bassia] Parkii) forma miles of forest on the S. bank of the Niger, and the same or an 
allied species, locally termed lulu, is common on the river Djour, in the Bahr el Ghazal province, 
where its “ butter ” is used by the natives in (wking. The seeds, as large as pigeons’ eggs, are 
exposed for several days to di-y in the sun, and reduced to flour in a mortar ; the flour is placed in a 
vessel, sprinkled with warm water, and kneaded to the consistence of dough. When the kneading 
has proceeded so far that greasy particles are detached by the addition of hot water, this last 
operation is repeated until the fat is completely separated, and rises to the surface. The fat is then 
collected, and boiled over a strong fire, with constant skimming, to remove any remaining pulp. 
When sufficiently boiled, it is poured into a damp mould, and, when set, is wrapped in leaves, 
and will keep thus for two years. The yield is 30-40 per cent. The “ butter ” is white, with 
sometimes a reddish tinge, and may be rendered white by repeated filtration in a warm closet; it 
resembles tallow in appearance, but is more unctuous, and greases the fingers; it has a faint 
characteristic odour, and a sweetish flavour. Its melting-point is variously stated, from 23°-24° 
(73J^-75i° F.) to 43° (109J° F.). According to one authority, the fatty acid is margaric, and its 
melting-point is 61° (142° F.) ; according to others, there are two fatty acids, stearic and oleic, the 
melting-point of the mixture being 69° (156° F.). Vet another authority states the proportions as 
7 of stearine to 3 of oleine, and states that when acidified and distilled, it gives a yellow, crystalline 
fatty acid melting at 56° (133° F.), and when pressed, at 66° (151° F.), but that it cannot be used 
for candle-making, as it is soft, despite its high melting-point. It dissolves entirely in the cold in 
turpentine-spirit, incompletely in ether, and is almost insoluble in alcohol. It saponifies readily 
with alkalies. There is also present in it, in the proportion of |-f per cent., a substance resembling 
guttapercha, and which has been called “ guttashea (see Eesinous Substances). It is insoluble 
in alcohol, alcohol and ether mixed, acids, and alkalies ; but slightly soluble in pure ether, and in 
ordinary animal and vegetable fats. It can be removed from the fat by dissolving in a mixture of 
3 parts of ether and 1 of alcohol, when it separates in a filmy state, more readily if the fat be first 
saponified. It exists ready-formed in the oil, some in suspension, removable by filtration, some in 
solution in the fat. The fat itself, shea-butter, is imported to the extent of 300-500 tons annnaUv 
from Sierra Leone, for use in the manufacture of bard soaps, chiefly in combination with other oils. 
It is largely consumed in some of the Continental candle-factories. The natives employ it for food 
for anointing, and for lighting. Other BossiVr-oils are described under Illipi-butter (p. 1392) Mahwa- 
oil (p. 1394), and Phulwara-oil (p. 1408). 

Simbolee-oil. — A clear, transparent oil is expressed from the seeds of the “ ciu-ry-leaf ” tree 
{Bergera [Jfemjyo] Konigii), in Bengal and S. India. 
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Siringa-oil.— The seeds of Hevea brasiliensis [Siphonia elastica] (see Eesinous Substances — 
Indiarabber) afford an oil which is useful for making hard soaps, and printing-ink. 

Soap-nut-oil. A semi-solid oU is obtained from the seeds of Sapindus emarginatus [trifoliatus] 

(see Nuts Soap-nuts, p. 1360) in India, and is used medicinally. Another oil is procured from 

S. Saponaria in the W. Indies and N. Central America. 

Sunflower-oil. — The sunflower (ffelinnthus anniius) has long been grown for its oil-seeds in 
Russia and India, and the cultivation has more recently been taken up in Geimany and Italy. 
The plant grows readily in most soils, but prefers light, rich, calcareous land, unshaded by trees. 
In Russia, the seed is drilled into lines 18 in. apart, and the plants are thinned out to 30 in. apart 
in the rows, thus giving about 11,000 plants in an acre. Tlie quantity of seed required for an acre 
is 4-6 lb., and the sowing takes place in September-October, the crop being ready to harvest in 
February. In England, it is recommended for any vacant ground, to be planted 6 in. apart and 
1 in. deep, and to be earthed up when 1 ft. high, requiring no subsequent attention. The yield of 
seed is much increased by topping the plants, and the best manure is old mortar. Each plant 
produces about 1000 seeds, chiefly on the main head. Experimental culture in France gave a 
return of 1778 lb. of seed, yielding 15 per cent, of oil (275 lb.), and 80 per cent, of cake, from an 
acre ; but the product varies considerably according to soil, climate, and cultivation, and the 
average may be roundly stated at 50 bush, of seed from an acre, and 1 gal. of oil from 1 bush, of 
seed. The percentage of oil to seed ranges from 16 to 28 ; and that of husk to kernel, from 41 to 
60. The Italian cultivation is confined to the neighbourhoods of Piove and Conegliauo, in Venetia. 
In Russia, the plant is moat extensively grown in Kidce and Podolia, and the district of Birutch, 
in Vorouej ; the production of seed is now estimated at 8 million pnot/s (of 36 lb.), from an area 
of 80,000 (le^satincs (of 13,067 sq. yd.) In Tartary and China, it is cultivated in immense quantities, 
but no actual statistics are available. In India (Mysore), 1 acre of land gives 11 J cwt, of seed, 
which yields 45 gal. of an oil which is there compared with ground-nut-oil, and applied to the 
same uses. The Russian seed is expressed on the spot, and the oil is largely employed for adul- 
terating olive-oil. The purified oil is considered equal to olive- and almond-oil for table use. The 
chief industrial applications of the oil are for woolh n-dressing, lighting, and candle and soap 
making ; for the last-mentioned purpose, it is superior to most oils. It is pale-yellow in colour, 
thicker than hempseed-oil, of 0'926 sp. gr. at 15° (59° F.), dries slowly, becomes turbid at 
ordinary temperatures, and solidifies at —16° (4° F.). The cake is excellent food for cattle and 
poultiy, and the stems yield a fibre (see Fibrous Substances — Helianthus, p. 961). 

Tea-oil.— The seeds of the tea-plant. Camellia Thea \_Thea chinensis] (see Tea), contain a con- 
siderable proportion of oil, as much as 1 cwt. being obtainable by industrial means from 3 cwt. of 
seed. The oil resembles that of the olive, burns with a clear, bright light, and is free from 
unpleasant odour. The general extraction of this oil is recommended to tea-planters. But there 
is every reason to believe that the “tea-oil” which figures largely in Chinese and Japanese com- 
merce is not the product of the tea-plant, but of an allied species (C. Sasanqm, or C. oleifeni). 
The Cliinese assert that this plant is identical with the tea-plant, only cultivated differently ; but 
they may have easily confounded the two plants, and additional confusion has arisen from the fact 
that the Japanese add Camellia-leaves to their tea, on account of their pleasant aroma. The 
Camellia is very largely cultivated in China, the shrubs being grown to a height of 8-9 ft. The 
seeds are crushed to a coarse powder, boiled, and pressed. The oil is employed locally for many 
domestic purposes, and is an important article of trade. Hankow exported 3640^ piculs (of 133i lb.) 
in 1878, and 5826 piculs, value ll,442i., in 1879 ; Shanghai, in 1879, imported 57921 piculs, and 
exported 2991^. Another species, C. dnipifera, grows abundantly on the E. Himalaya, and under 
cultivation iu Cochin China ; in the latter country, its oil is used medicinally. 

Tobacco-oil. — The seeds of the tobacco-plant (see Narcotics — Tobacco, p. 1325) contain about 
30 per cent, of a fatty oil, which is extracted by powdering them, kneading them into a stiff paste 
with hot water, and pressing hot. The oil is clear, limpid, golden-yellow in colour, inodorous, and 
mild-flavoured; its density is O' 923 at 15° (59° F.); it remains liquid at — 15° (6°F.), dissolves 
in 168 parts of alcohol at 0-811 sp. gr., and saponifies readily. One authority excludes it from the 
drying oils ; another considers its drying quality to be unusually developed, and recommends it for 
paints and varnishes. 

Tucum-oil.- — The fruit-pulp of the tucum, aouara, or iionrou (^Astrocaryum vnlgare), of Brazil 
and Guiana, yields an oil used for many different purposes. The palm is more important perhaps 
as a fibre-yielder (see Fibrous Substances — Astrocaryum, p. 920). 

Tung-, Tree-, or Wood-oil.— This fatty oil is a product of the so-called “oil-tree” of 
China, Cochin China, and Japan {Aleurites cordata {^Eloeococca cernicia, Dryandrn cordataj), and must 
not be confounded with the Malayan article, which is an oleo-resin (see Resinous Substances — ■ 
Gurjun). The fruit capsules of the f ung are filled w'lth rich oil-yielding kernels, from which 35 
per cent, by weight of oil may be obtained by simple pressure in the cold. The sp. gr. of the oil is 
0-9362 at 15° (59° F.). It possesses several remarkable properties: heated to 100°-200° (212°- 
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392° F.) out of contact with the air, it retains its original limpidity after cooling, but in contact 
with the air, it solidifies almost instantaneonsly, melting again at 34° (93° F.), and exhibiting 
the same elementary composition ; the cold-expressed oil rapidly solidifies by light in the absence 
of air ; and its drying qualities exceed those of any other known oil. It is devoid of colour, 
odour, and flavour. The oil is produced in Immense quantities in China ; in the provinces of Ichang 
and Szechuen, it is one of the principal articles of native manufacture, and its importance in local 
commerce is shown by the following statistics : — Hankow, the chief market for the export trade, 
exported 336,053 piculs (of 1335 ) 1878, and 203,8201 piculs, value 317,5481., in 1879 ; Shanghai 

imported 69,223| piculs, and exported 31,492j, in 1879 ; Chefoo imported 4011 piculs in 1878, and 2847 
in 1879 ; Chinkiang imported 184,442 piculs in 1878, and 117,082 in 1879 ; Ningpo imported 29,652 
piculs in 1878, and 13,915 in 1879; Wnhu imported ll,916j piculs in 1878, and 6695 in 1879, in 
foreign craft, and, in the litter year, a quantity estimated at 3711 tuns in native craft. In China, 
the oil is universally employed for caulking and painting junks and boats, and for varnishing and 
preserving woodwork of all kinds ; also for lighting, though considered inferior to Camellia-oil (see 
Tea-oil) for this purpose, and in medicine. The oil is unknown to European commerce, but an attempt 
to naturalize the tree in Algeria has been projected. Its industrial value has been too long neglected. 

Vegetable Tallow (Fa. Suif d’arbre ). — At least two vegetable fatly substances are known 
by the name of “ vegetable fallow.” 

(a) Chinese. — The vegetable tallow of China is produced by the “tallow-tree” (_Stillingia 
[^Croton, Sapium, Hxccecaria'] sebifera). It is a native of China and the adjacent islands, and has 
been introduced and naturalized in India and the warmer parts of America. In China, it is chiefly 
cultivated in the province of Chekiang, and the adjacent Chusan Archipelago, in Kiangse, and in 
Hoopih. In India, it thrives in the N.-W. Provinces and the Punjab, especially at Paonee, in 
Gurhwal; at Ayar Tali and Hawul Baugh, in Kumaon; and in the Kangra Valley. The 
tree flourishes equally well on low alluvial plains, in the rich mould of canals, in sandy soils, 
and on mountain slopes. Its fruits are about J in. in diameter, and contain 3 seeds, thickly 
coated with a fatty substance, whence the “tallow” is obtained. The ripe fruits are gathered 
at the commencement of the cold weather, November-December, when all the leaves have fallen, 
by means of a sharp crescent knife, attached to a long pole. The seeds are first picked from 
the stalks, and bruised in a mortar to loosen the shells, which are sifted away. The clean 
seeds in their fatty envelope are next placed in a wooden cylinder, open at the top, and with convex 
open wickerwork bottom, suspended within iron dishes 6-8 in. deep, containing water which is 
made to boil ; the seeds are thus steamed for 19-15 minutes, when they are removed, and mashed 
in large mortars, and thence transferred to bamboo sieves, kept at a uniform temperature by means 
of live ashes. The tallow separates, and escapes through the sieves, forming a solid mass. (The 
seeds are usually passed through the steaming and straining processes a second time. Finally the 
seeds are themselves treated for their oil, as will be described presently.) The tallow now resembles 
coarse linseed meal, its brown colour arising from the thin skin between the seed and the tallow, 
which is separated by pounding and sifting. The tallow is next put between circles of twisted 
straw, 5-6 of which, laid upon each other, form a hollow cylinder, bound with bamboo hoops 3 in. 
wide. The straw cylinders when filled are placed in a rude press with their hoops attached. The 
tallow is forced out in a liquid state, and is collected in receptacles, where it solidifies on cooling 
It is again melted, and poured into moulding-tubs, sprinkled inside with dried red earth, to prevent 
adhesion. When cold, it is turned out in masses of 80 lb., a hard, brittle, pure opaque white, 
tasteless and odourless fat. Its melting-point varies from 37° to 44° (98J°-llli° F.), and its 
composition is almost pure steariue. The yield is about 20-30 per cent, of the weight of the seeds 
Its chief and almost only application in China is for making candles, which are usually coated with 
wax ; in India, it has been tried as a lubricator: and it is found to bum well, without smoke or 
smell. An immense native trade is carried on in it in China. Hankow exported 89,269p«cM?s (of 
133^ lb.) in 1878, and 90,413f piculs, 229,099/., in 1879; Shanghai imported 46, 611 J piculs, and 
exported 6003J, in 1879 ; Chinkiang imported 44,987 pienk in 1878, and 42,943 in 1879; Ichang 
exported SiSpiciils, 1119/., in 1878, and doli ptculs, 996/., in 1879; Kiukiang exported 6201 piculs, 
11,033/., in 1878, and 4559 piculs in 1879; Wenchow exported 69 piculs, 416/., in 1878, and 2904 
piculs in 1879 ; Wuhu imported 4814^ piculs in 1878, and 4287J in 1879. ’ 

The oil previously alluded to as being obtained from the kernels of the seeds after removal of 
the taUow is extracted in the following manner:— The seeds are ground between mUl-stones, which 
are heated to prevent clogging by the tallow still adhering. The mass is then winnowed, and the 
clean kernels, are steamed, and mashed in a cumbrous edge-runner mill. The meal is steamed in 
tubs, made into cakes, and pressed, the whole course of operations being performed twice. The 
yield is about 30 per cent of the cleaned kernels. The oil is used for varnishing umbrellas, anointing 
the hair, and medicinally ; it bums well in lamps, but is inferior to some other oils in uk for that 
purpose. The seed-husks and tallow-refuse are employed as fuel ; the seed-cake forms a good 
manure, especially for tobacco. ° 
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(5) Malayan. — In Borneo, Java, and Sumatra, are several species of Hopea, prodncing nuts, 
which, when compressed, yield fatty oils, extensively used under the names of “ vegetable tallow” 
and “vegetable wax.” Three species of this genua are common in Sarawak ; the one most valued 
for producing oil is a fine tree growing on the banks of the Sarawak river to a height of 40 ft. ; its 
fruits are produced in the greatest profusion about December- January, and are as large as walnuts. 
These nuts are collected by the natives, and yield a very large proportion of oil, which, on being 
allowed to cool, takes the consistence of sperm, and in appearance very much resembles tliat 
substance. The natives at present only value this as a cooking oil ; but when the demand for it in 
Europe becomes better known to them, they will doubtless increase their manufacture of it. In 
England, it has proved to be an excellent lubricator for steam macliinery, far surpassing even olive- 
oil ; and it has been used in Manilla in the manufacture of candles, and found to answer admirably. 
As it becomes more common, it wUl doubtless be applied to many other purposes. From the quick- 
ness of its growth, and the great profusion with which it bears its fruit, it will, should the demand 
for it continue, become a profitable object for cultivation, by which the quality and quantity would 
most likely be improved and increased. It is also found in Java and Sumatra. In Borneo, some 

10 species are recognized by the natives, their nuts varying much in size. The kernels are covered 
with a hard shell, to separate which it is necessary to immerse them in water for 3-4 days. After 
the separation, they are exposed to the sun for about the same number of days, until the oil begins 
to exude ; they are then pounded in a mortar, and boiled in water for some time ; after which, tho 

011 is expressed while hot. This oil has nearly the consistence, and something of the appearance, 
of tallow, but is generally yellower. It is found in the markets in rolls Ij-S in. in diameter. It 
is used in the interior almost exclusively for lighting and culinary purposes. A vegetable tallow is 
also aflforded by the seeds of Tetranthera lawrifotiu, widely dispersed over Tropical) Asia, and the 
E. Archipelago, as far south as New Guinea. In Java and Cochin China, it is commonly used for 
making candles, notwithstanding its disagreeable odour. The exports of vegctablo tallow from the 
state of Sarawak in 1879 were valued at 7305 dollars (of 4s 2d ). 

Both Chinese and Malayan kinds of vegetable tallow, like shea-butter, are glycerides, and con- 
tain about 95 per cent, of saponifiable matter, which has much less oleine in it than animal tallow. 

(o) Afi-ican. — A so-called vegetable tallow or butter is obtained in Sierra Leone from Pentadcs.na 
butyracea ; the tree yields from its several parts, especially the fruit when cut, a yellow fatty juice. 
The fat of a species of Pentadesina, under the name of kanya, is used fur culinary purposes in the 
neighbourhood of Zanzibar, and is said to remain sweet for a long time. 

Walnut-oil (Fe., Huik cfe Noix). — The albuminous kernel of the walnut (see Nuts, p. 1360) 
affords some 50 per cent, of oil. It is said that it furnishes one-third of all the oil made in France ; 
it is extensively prepared in the central and southern departments, notably Charente, Charente- 
Inferieure, and Dordogne, where it is commonly met with in barrels of 50 kilo. In both Spain and 
Italy, outside the olive-region, walnut-oil is largely expressed. It is of considerable importance in 
the hill districts of India, but is seldom seen in the plains. Cashmere and Circassia also include it 
among their industrial products. 

The oil should not be extracted from the nuts until 2-3 months after they have been gathered. 
This delay is absolutely necessary to secure an abundant yield, as the fresh kernel contains only a 
sort of emulsive milk, and the oil continues to form after the harvest has taken place ; if too long a 
period elapse, the oil will be less sweet, and perhaps even rancid. The kernels are carefully freed 
from shell and skin, and crushed into a paste, which is put into bags, and submitted to a press ; the 
first oil which escapes is termed “ virgin,” and is reserved for feeding purposes. The cake is then 
rubbed down in boiling water, and pressed anew ; the second od, called “ fire-drawn,” is applied to 
industrial uses. The exhausted c;ike forms good cattle-food. 

The virgin oil, recently extracted, is fluid, almost colourless, with a feeble odour, and not 
disagreeable flavour. Its sp. gr. is 0'926 at 15° (59° F.), and 0’871 at 94° (201J° F.) ; it thickens 
to a butter-like consistence at —15° (5° F.X and solidifies to a white mass at — 27i° ( — 17^° F.). 
In the fresh state, it is largely used in Nassau, Switzerland, and other countries, as a substitute 
for olive-oil in salads, &c., but is scarcely to be considered as a first-class alimentary od. The fire- 
drawn od is greenish, caustic, and siccative, surpassing linseed-oil in the last respect, and 
exhibiting the property more strongly as it becomes more rancid. On this account, it is preferred 
by many artists before all other oils. It affords a brilliant light ; and may be used in the manufac- 
ture of soft-soaps, 

Zachun-oil. — The seeds of Balanites wgyptiaca, of India, Egypt, Senegambia, and W. Coast 
Africa, afford an od called zachun by the negroes. 

Miscellaneous and Unenumerated. — The exports of unenumerated seed-oil from Holland 
were 18,787,000 kilo, in 1879. Dantzig exported 11,350 tons of od-seeds, value 124,8507, in 1879, 
chiefly to Holland and France. Kussia exported 916,172 chetverts (of 5| bush.) of seed-oil in 
1878. Venice exported 16,801 tons, value 765,1947, of oil, and 3944 tons, value 79,1147, of oil- 
seeds, in 1879. 
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In addition to the oils already specified in the preceding pages, the following plants are recorded 
as being capable of affording oil, the oleaginous part being the seed, unless otherwise specified . 

Acrocomia sclerocarpa, all over S. America. 

Adenanthera patonina, S. India, Bengal, and Burmah. 

Allium sp. div., India ; clear, pale, limpid, with strong garlic odour ; used medicinally. 

Amoora Rohituka, India and Ceylon ; oil has many economic uses in Bengal. 

Anda Gomesii, Brazil ; medicinal. 

Apeiba Tibmirbou, Brazil, Venezuela, &c. 

Arctium Lappa, the burdock, growing wild over Europe and Asia, gives 20 per cent, of oil. 

Aspilium Filix mas (male-fern) ; obtained by treating the ether-extract of the tubers with water 
containing ammonia, and evaporating; thick, grass-green, liquid much below 0° (32° F.), used 
medicinally. (See Drugs, p. 811). 

Astrocaryiim acaule, Brazil. 

Atropa Belladonna {see Drugs — Belladonna, p. 794): oil extracted in Wurtembnrg, used for 
lighting and food ; limpid, inodorous, sp. gr. 0'925 at 5° (41° P.), thickens at — 16°(4° F.), and 
solidifies at -27i° (-19° F.). 

Attalea Cohune, Honduras and Gniana, from the fruits, “ Cohune-nuts.” 

Ballota nitjra (black stinking horehound), proposed for cultivation in Savoy. 

Bauhinia Candida, India. 

Bombax sp. div., India generally. 

Bryonia callosa, India ; extracted by boiling in water ; a lamp-oil. 

Cardans pycnocephalus, S. Europe and Reunion. 

Celastriis sp. div., India, Brazil, &c. ; deep-scarlet oils, used for burning in lamps, and 
medicinally. 

Cerbera sp. div., E. and W. Indies, and S. America ; C. Manghas [Odollami, oil used by Burmese 
and in India for lamps and anointing ; C. Thevetia, “ exile oil,” naturalized in India. 

Oiironia scabrida, E. Indies. 

Chrysobalanus Tcaco, the icaco of Tropfeal America, and ouaraye of Senegal. 

Cochlospermam Gossypium, India. 

Cmnarus sp. div., India and Tropical S. America ; sweet oil. 

Comas mascula (cornelian cherry), Europe and N. Asia. 

Coarpia didcis, French Guiana. 

Coula edulis, abundant on the Gaboon, is said to afford 53 per cent, of edible oil from its fruits. 

Cynometra sp. die,, India ; wholly medicinal. 

Cyperus esculentus; expressed from the tubers; yellow, mild, inodorous, sp. gr. O’ 919, solidifies 
at 0° (32° F.), and saponifies readily. 

Daphne Mezereum ; by expressing the fruits ; yellowish, drying oil, sp. gr. 0 ■ 8903 at 15° (59° F.), 
liquid at —16° (4° F.) ; contains 90 per cent, linoleine and oleine, and 10 per cent, stearine, palmitine 
and myristine. 

Eriodendron anfractuosum, India, Cuba, &c. ; clear, dark-brown. 

Euphorbia Lathyris, France, Germany, and Switzerland, on the edges of fields and cultivated 
spots ; 40 per cent, of a fiuid oil, formerly used in medicine. E. dracunculoides, in India {jy-chee) ; 
25 per cent, of the mature, husked seed ; a drying oil equal to linseed-oil, but more fluid, does not 
become ropy with age, and emits scarcely any smoke while burning. 

Feronia elephanium, India, Java, &c. 

Fecillea sp. div., Brazil, Venezuela, and Tropical America generally ; F. cordifolia, the sequa, affords 
a large quantity of semi-solid oil by pressing and boiling ; the abilla-seeds of an allied Peruvian 
species contain so much oil that they are burnt as candles, and withstand considerable wind. 

Heritiera sp. div., coasts of India, Africa, E. Archipelago, and cultivated in W. Indies. 

Hesperis matronalis (dames* violet), Europe; greenish to brownish, sp. gr. 0*928, odourless, dries 
readUy, quite liquid at —15° (5° F.). 

Hura crepitans, W. Indies and India ; a clear, pale, fluid, medicinal oil. 

Eyoscyamus niger (see Drugs— Henbane, p. 812) ; pale green-yellow, thin, mild, inodorous, 
sp. gr. O’ 913, scarcely soluble in 60 parts absolute alcohol. 

Elidum anisatum (see Spices— Aniseed) ; a large quantity of fixed oil. (See also p. 1417.) 

Impatiens sp. div., India, Europe, and N. America ; for comestible and illuminating purposes. 

Jatropha glauca, E. Indies ; the seeds are collected when the capsules begin to split, and darken 
in colour ; tlie fruits are placed between mats in the sun for a few hours to separate the seeds and 
husks, and the former are crushed and expressed ; oil is fluid and light straw-coloured ; used 
medicinally. 

Kokoona zeylanica, Ceylon and the W. Peninsula; a lamp-oil. 

Lnctuca sativa (lettuce), India ; clear, transparent and sweet. 

L-'y'thh ollaria (see Nuts— Sapucaya, p. 1359). 
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Lepidinm sativum (cress); brown-yellow, sp. gr. 0‘924, thick and turbid at -6° (21° F.), solid 
at — 15° (5° F.), dries slowly. 

Litscea [Cylicodaphne] sp., Punjab, Himalaya, Java, &e. ; the fruits of one tree give enough fat 
for 500 candles. 

I.wistona sinensis, N. Central America. 

Lucuma mammosa, W. Indies. 

Maclura aurantica (Osage orange) ; abundant, bland, limpid, resembling olive-oil, and burning 
with a steady dame. 

Manicaria saccifera, French Guiana. 

Maueitia flexuosa and M. vinifera, Brazil. 

Mesua ferrea, the naijkassar of India, and in Java ; dark, thick, and freely deposits stearine ; used 
in lamps, and medicinally. 

Mimusnps sp. div. (see Timber), India, Ceylon, and the Archipelago ; yielded abundantly ; used 
medicinally and by painters. 

Monodora grandifiora, E. and W. Tropical Africa. 

Myristica angolensis, the combo of Gaboon, 72 per cent. ; Jf. longifolia, E. Indies, 54J per cent. 

Nigella sativa (see Spices — Cumin), cultivated in Belgium, Egypt, and India ; oil dark-coloured 
and fragrant. 

Ocimum basilicum, E. Indies, Java, &c. 

Oreodoxa [dreca] oleracea and 0. regia, Beunion and Guadeloupe. 

Pachira aquatica, Guiana and the Antilles. 

Pangium edule, E. Archipelago, yield a fatty oil by expression. 

Parkia biglandulosa, E. Indies, 18 per cent. 

PaxUownia imperialis [^Bigncmia iomentosa'\ ; the <oJ-oil of Japan. 

Pekea tematea, Antilles. 

Perilla ocimoides, Japan, used for making water-proof papers. 

Persea gratissima (alligator pear). Tropical America, W. Indies and India ; an abundant oil for 
illuminating and soap-making may be expressed from the fruit-pulp. 

PithecolAium dulce (Manilla tamarind), Mexico, Philippines, and India ; light-coloured oU, with 
consistence of castor-oil. 

Polanisia [C/eome] viscosa. Tropical India, Java, &c. ; 9 per cent. ; light olive-green, very liquid. 

Prinsepia utilis, India ; an edible and illuminating oik 

Putranjiva Boxburghii [Aoyeio Putranjiva"], Central and Peninsular India; oil is olive-brown, 
and soon deposits solid portion ; used for burning. 

Baphanus sativus (radish), India ; resembles colza, and has the same uses. 

Eeseda luteola (see Dyestuffs — Weld, p. 868), dark-green, thin, nauseous odour and flavour, sp. gr. 
0-935, dries rapidly, liquid at - 15° (5° F.). 

Bottlera tinctoria IMallotus philippinensis'] (see Dyestuffs — Kamala, p. 861), E. Indies, polongo- 
ot kalapa-oiX-, clear, limpid, sherry-coloured ; used medicinally. 

Salvia Ohio, Guatemala ; a drying oU, superior to linseed. 

ScMeichera trijuga, Indian Peninsula, Ceylon, and Burma ; a lamp-oil. (See also Timber). 

Sterculia faetida, India, Ceylon, Java, &c. ; extracted by boiling in water ; semi-solid, deposits 
much stearine, becomes rancid within 10 days ; 15 per cent. 

Symplocos cratcegioides, Indus to Assam. 

Tamarindus indica, E. and W. Indies ; clear, bright, and fluid ; gives a good light, without smoke 
or smell. 

Telfairia pedata, Mauritius and Zanzibar, preferring light soil near water ; each fruit contains 
200-300 seeds, giving a nett weight of 50 lb., which yield 8 lb. of excellent bland oil ; edible. 

Thespesia popvlnea, most E. tropical countries, W. Africa, W. Indies, S. America, and Pacific 
Islands ; deep-red, thick oil, used medicinally. 

Thlaspi sp. div., proposed in France ; 20 per cent. 

Tilia parvifiora, 30-40 per cent, by carbon bisulphide. 

Trichilia capitata, Zambesi, large quantity of solid fat ; also T. emetica, the roka of the Arabs. 

Trigonella fcenum-greecum, 6 per cent., foetid, bitter. 

Vemonia anthelmintica, S. India ; solid, greenish ; used medicinally. 

Wrightia antidysenterica, E. Indies, medicinal. 

Ximenea sp. div., W. Africa ; 70 per cent., good for soap-making. 

Zea Mays (maize) ; limpid, yellowish ; bums well, and is a good lubricator. 

VEGETABLE OILS [5. Volatile Ayo EssestialI. 

Acom-oil. — The fruits of Quercus robur (see Timber — Oak), when distilled with water, yield 
an essential oil of buttery consistence, and peculiar, strong odour. 
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Albaliaca-oil. — The Myroxylm peruifenon (see Resinous Substances — ^Tolu balsam) afifords an 
essential oil of sp. gr. 0 ’ 892 at 13° (551° 'with a pleasant, aromatic, sassafras-odour. 

Allspice- or Pimento-oil. — Both the fruit and leaves of several kinds of allspice or pimento 
(see Spices — Pimento) afford essential oil. The oil is most commonly extracted from the fruits. 
These, dried before they are quite ripe, are ground, and distilled with water. The product amounts 
to about 3-4J per cent., rarely almost 6 per cent. ; analysis reveals the presence of 10 per cent, in 
the husks, and 5 per cent, in the kernels. The yield of oil from the leaves has not been ascertained, 
but it is said to be considerable, and that tlie leaves and young shoots, destroyed while gathering 
the crop of berries, would repay distillation. The oil has a sp. gr. of 1 • 037, and very closely 
resembles clove-oil. It is frequently used as a substitute for or adulterant of the latter, both in 
medicine, and in combination with other oils for scenting soap. The small yield of oil renders it 
incapable of competition with clove-oil (p. 1120), except as a substitute. 

Almond-oil. — An essential oil known as “ bitter-almond-oil ” is obtained from the bitter 
almond (see Fruit — Almonds, p. 1022), which also yields a fatty oil, described on p. 1377. Though 
bitter almonds are the only commercial source of the oil, it is also afforded by many plants of 
the Prunece and Pomeoe tribes, by a species of Fici f, and probably some others. It does not 
exist ready-formed, but is a product of the decomposition of amygdaline in the presence of water 
and emulsine. The process is as follows. The unpeeled almond -kernels are first pressed to 
extract their fatty oil (p. 1377) ; the residu il cake is then placed in salt water for about 24 hours, 
prior to distillation. Without due precaution, there is some difficulty in the distillation, owing to 
the presence of much albuminous matter. Pettenkofer avoids this by immersing 12 parts of 
powdered almonds in boiling water, by which the albuminous matters are coagulated, and the 
amygdaline is dissolved. The addition of an emulsion of only 1 part of either sweet or bitter almonds 
will then suffice to effect the decomposition at a temperature not exceeding 40° (104° F.). The 
yield by this process from small quantities will sometimes reach O' 9 per cent. Some manu- 
facturers force steam through the cake enclosed in coarse sacking. In dealing with large quan- 
tities of cake, the yield of essential oil varies widely ; the yearly average may fall to O' 74 per cent., 
or rise to 1'67 per cent., which, reckoning 57 lb. of cake to represent 100 lb. of almonds, means 
O' 42-0 '95 per cent, on the latter. This fluctuation is due partly to the want of uniformity in the 
bitter almonds used, and partly to the admixture of sweet almonds. Tlie action of the emulsine 
on the amygdaline in the presence of water is very rapid, 200 lb. of cake being completely exhausted 
by a 3-hours’ distillation. The crude oil contains a proportion of hydrocyanic (prussic) acid, feebly 
combined, and which is gradually set free. This crude oil is employed by perfumers ; but the oil 
for medicinal use is sometimes deprived of the hydrocyanic acid by a process of purification. 
Maclagan’s process consists in shaking up with lime and sulphate of iron (ferrous), and redistilling ; 
the loss is 10 per cent. The purified oil is very liable to oxidize, unless carefully freed from water 
by agitation with fused chloride of lime. The oil is colourless and thin, of peculiar odour, and 
burning aromatic flavour; its sp. gr. is 1' 061-1 '065 when crude, and 1' 049 when purified; its 
boiling-point is 180° (356° F.); it dissolves in 300 parts of water, and readily in alcohol and ether; 
by exposure to the air, it is oxidized, and converted into benzoic acid. 

An “ artificial oil of bitter almonds,” or “essence of mirbane," is prepared by the action of nitric 
acid on benzol (see Coal-tar Products, pp. 654-5). They may be distinguished by treating with an 
alcoholic solution of potash : the natural oil is converted into a benzoate of potash ; the artificial 
becomes a resin insoluble in alcohol and in ether. 

Aloes-oil. — A pale-yellow, mobile oil, sp. gr. 0'863, boiling at 2G6°-271° (511°-528° F.), is 
afforded to the extent of 2 fl. dr. from 500 lb. of aloes (see Drugs, pp. 791-3). 

Amber-oil. — A volatile oil is obtained from amber (see Resinous Substances), as a residue in 
the preparation of succinic acid, in the proportion of about 6 oz. from 6 lb. The crude oil is thick 
and greenish-brown, with a characteristic, disagreeable, bituminous odour, caustic acrid flavour and 
sp. gr. 0 '922 at 15° (59i° F.). It is used in perfumery. 

Angelica-oU. — The root of Archangelica officinalis (see Angelica, p. 334), by aqueous distil- 
lation, yields much essential oil (about 1 lb. from 150-200 lb. of root), with a penetrating odour 
and flavour of the root. 

Angostnra-oil.— Angostura-bark (see Drugs— Angostura, p. 793), when distilled with water, 
affords about O' 75 per cent, of a pale-yellow oil, of peculiarly aromatic odour, mild and afterwards 
acrid flavour, sp. gr., 0 ' 934, boiling at 266° (511° F.). 

Aniseed-oil. — Essential oils are obtained by distillation from the fruits of Pimpinella Antsum 
(see Spices — Aniseed), and from the roots of P. nigra [Saxifragal. The first-named is slightly 
yellowish, possessing in a high degree the odour and flavour of the fruits; its sp. gr. is 0'977- 
0-983 ; it solidifies at 10°-15° (50-59° F.) to a bard crystalline mass, and resumes fluidity at about 
17° (62J° F.) ; dissolves readily in alcohol. The yield obtained is about 3 per cent, of oil from the 
best Moravian seed, 2 '5-2 '7 from Russian, and 2' 3 from German. The oil from the root of 
P. nigra has a light-blue colour; it does not appear to be an article of commerce. Aniseed-oil is 
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administered medicinally to both men and cattle ; it is largely employed in the prepara tion of 
cordials, especially in Latin Europe and S. America; and is suitable for scenting soaps and 
pomatums. It is often adulterated with spermaceti and fennel-oil stearoptene, and with cheaper 
essential oils. It cannot be scientifically distinguished from star-anise-oil. 

Anise- [Star-] oil. — The fruits of the star-anise or Chinese anise, IlUcium anisatum (see Spices 
— Aniseed), distilled with water, furnish 4-5 per cent, of essential oil, identical in all chemical 
respects with that of aniseed, but possessing a slightly different fiavour. It is used for the same 
purposes as aniseed-oil, and very commonly mixed with or substituted for it. The fruits are chiefly 
distilled in Europe, but China exports considerable quantities of the oil itself. Thus the ship- 
ments from Pakhoi which paid duty in 1879 were 800 piculs (of 133^ lb.), and the recorded value 
was 15,134/. ; from Macao, an annual export takes place to Europe and New York, and an occasional 
one to Manilla, the figures in 1878 amounting to 470 piculs, at a price fluctuating between 180 and 
325 dollars (of 4s.). 

Asafoetida-oil. — Asafostida (see Resinous Substances), distilled with water, gives a yellowish 
oil, of strong garlic odour, soluble in water, and readily in alcohol, boiling at 130°-140° (26G°- 
284° F.). 

Avens-oil. — The root of Geum urbanum, distilled with water, gives a greenish-yellow oil, of 
buttery consistence, and dove-like odour. 

Balm-oil. — The oil or otto of balm, or of mclissa, is obtained by aqueous distillation of the 
whole herb, Melissa officinalis. The plant is cultivated In England, and grows wild commonly in 
S. France. The oil is pale-yellow, thin, of pleasant, lemon-like odour, and sp. gr. O' 85-0 '92. It is 
an esteemed perfume. 

Moldavian balm {Dracocephalum moldauicum) yields about i per cent, of a strongly aromatic and 
very agreeable essential oil. The plant is cultivated in S. France, but its product is hardly known 
in commerce. 

Bay-oil. See Laurel-oils, pp. 1422-3. 

Bayberry-oil. — The leaves of Myrcia acris afford a volatile oil, which is often called “ bay- 
oil ” or “ oil of bay-leaves,” but more correctly “ bay-berry oil,” being quite distinct from the bay 
or laurel (see pp. 1422-3). The leaves are largely received from the island of St. Thomas 
(W. Indies), and distilled in America. A 200-gal. copper still, heated by either wet or dry steam, 
takes 200-300 lb. of the leaves at a charge, and works them off in 8-12 hours, giving 80-100 gal. 
of distillate. The oil comes over in two portions: — (1) liglit oil, sp. gr. O' 870-0 -990; and 
(2) heavy oil, sp. gr. 1' 023-1 '037. The freshly-distilled oil has a rank odour, but after keeping 
for 3-6 months, it mellows, and has the characteristic fragrance of the best “ bay rum.” 

Benzoin-oil. — The natives of the E. Archipelago distil a volatile oil from gum benzoin (see 
Resinous Substances), by heating it in an earthenware pot, tightly covered, and providing a small 
bamboo for the escape of the oil. Various inert .substances are placed in the retort with the gum, 
but no water. The oil is highly valued locally as a perfume for the hair. 

Bergamot-oil. — The oil or esseuce of bergamot is procured from the fruit-rind of Citrus 
Bergamia, a member of the orange family (see Fruit, p. 1025). The tree is cultivated at Reggio, 
in Calabria, and in Algeria, and is unknown in a wild state ; it occupies low ground, near the sea. 
The soil is well irrigated, and cropped with vegetables, and lemon- and orange-trees are often inter- 
spersed among the bergamot-trees. The smooth, thin peel abounds iu a peculiarly fragrant 
essential oil, which is obtained from the full-grown but immature (green) fruits, gathered in 
November-December. The oil was formerly extracted by distillation, or by expressing the rasped 
rind ; but these processes have been superseded by the ecuetle, a special instrument described in a 
separate section (see p. 1457). By this, about 7000 fruits can be treated iu a day, the yield of oil 
being 2i-3 oz. from 100 fruits. It is much greener than that extracted by the older processes. 
Dming some weeks after extraction, it gradually deposits much greasy matter, termed “ berga- 
ptene,” or “bergamot-camphor,” which, after exhaustion by pressure, is distilled with water to 
recover the final portions of oil it contains. The fruits which have yielded their oil are subjected 
to expression, and the juice is concentrated and sold for making citric acid (see Acids, p. 48), 
while the ultimate residue is consumed by cattle. The oil is thin, mobile, of very fragrant odour 
bitterish flavour, slightly acid reaction, pale greenish-yellow colour (due to chlorophyll), and sp. gr. 
0'86-0'88; its boiling-point ranges between 183° and 195° (361i°-383° F.) ; it dissolves clearly 
J part of carbon bisulphide, and is inappreciably soluble iu that body. It is never free from 
adulteration, either with oil distilled from the leaves or residual fruits, or with lemon-oil, or 
turpentine-oil, or even petroleum. It is shipped principally from Messina and Palermo, in bottles 
similar to those containing lemon-oil. It is extensively employed in perfumery. 

Bircll-oils. — An essential oil is extracted from the bark of the common birch {Betula alba), and 
another from its leaves. The tree or shrub inhabits high N. latitudes iu Europe and Asia, being 
more common than any other tree throughout the Russian empire, and found in every wood and 
grove from the Baltic to the Eastern Ocean. It is numerous in Scandinavia, less so in Scotland, 
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Iceland, and Chreenland, and forma little woods at 6000 ft. in Italy. The extraction of birch-bark- 
oil ia an industry of some importance in N. Europe and Siberia, and is conducted in the following 
manner ; — An iron pot is filled up with bark, and covered with a close-fitting lid, through which ia 
inserted an iron pipe. On this, ia inverted a similar pot, and the rims are carefully fitted together, 
and well luted with clay. The two are then turned upside down, so that the pot with the bark in 
it is uppermost. The apparatus is half sunken in the ground, well banked up with a mixture of 
sand and clay, and a wood fire is kindled round it. When the distillation has continued long 
enough, the luting is removed, and the pots are separated, when the lower one is found to contain 
a thin oil floating on pyroligneous acid, or, when the bark has been very impure, on pitch. The 
yield of pure birch-bark-oil is about one-third by weight of the white bark used. To obtain a 
centner (120 lb.) of oil, 10-14 trees of 30-50 years old have to be stripped. Now that the value of 
standing trees is becoming better understood in Russia, the trees are not felled, as was formerly the 
custom, but, in many districts, ate stripped standing, and left to grow on. In such oases, the 
outermost bark alone ia removed, and that but partially. The underlayers blacken and die, but 
new bark is formed beneath them, and the growth of the tree continues. The oil should be kept in 
well-closed vessels, as it is somewhat volatile. It can be refined by boiling over charcoal, and 
filtering, when it becomes as limpid as linseed-oil, and can be used for similar purposes. 

Recently the preparation of this od has been carried on in Germany and Austria, where it is 
known as Birkeniheer, Birkenol, JuchtenSI, or J)5ggut. This oU is used almost exclusively in the 
preparation of Russia-leather (see Leather, p. 1236), to which it communicates a peculiar fragrance. 
The bark is also a valuable tanning material (see Tannin — Birch-bark). 

The essential oil obtained by distilling the leaves of the birch with water is colourless, thin, of 
pleasant balsamic odour, a mild, sweetish, and afterwards peculiarly balsamic, acrid, and hot flavour ; 
it becomes turbid at 0° (32° F.), but ia not hard or crystalline even at —10° (14° F.); and is 
soluble in 8 parts of alcohol at 0 • 850 sp. gr. 

Cajuput-oil. — A medicinal oil of some importance (see Drugs — Cajuput, p. 795) is obtained 
from the leaves of the iuyu-puti or “ white-wood tree ” (_Melalettca minor ILeucadendron Cajuputi]). 
It ia widely spread and abundant in the Indian Archipelago and Malayan Peninsula, and is also 
found in N. Australia, Queensland, and New South Wales. There are many varieties of it, and 
that grown in the island of Bouro, eastward of Celebes, is said to yield the best oil. The leaves 
somewhat resemble those of the common willow. They are plucked by hand, placed in baskets, 
and carried to sheds, where they are emptied into the stills. These are of the usual Malayan form. 
The leaves and water to be distilled are contained in a cast-iron circular rice-pan, around the 
margin of which is placed a roll of cloth, forming a tight joint for the reception of the condenser 
that fits down upon the pan. This condenser consists of a wooden tub without ends, into the top 
of which is dropped a conical copper tray, kept supplied with cold water ; the products of evapo- 
ration condense upon the lower surface of the tray, and converging to its apex, fall into a spoon- 
shaped spout, which conveys them through a hole in the side of the tub to a receptacle. About 
8000 bottles annually are produced in Bouro, valued at about 1 guilder (Is. 8d.) each. It forms 
almost the only export of this island. The receipts at Singapore in 1871 were 3895 gal. from 
Celebes, 445 from Java, 200 from Manilla, and 350 from other places ; total, 4890 gal. Of this, 
the greater portion was re-exported to Bombay, Calcutta, and Cochin China. The oil arrives 
here from Singapore and Batavia in common beer- and wine-bottles. It is a transparent mobile 
fluid, of light bluish-green colour (due to presence of copper, but rarely if ever in dangerous 
quantity), fragrant camphoraceous odour, and bitterish aromatic flavour; its sp. gr. is 0-926 ; it 
remains liquid even at — 13° (8J° F.), and boils at 175° (347° F.) ; and dissolves readily in 
alcohol. 

Very similar oils are derived from other species of Melaleuca. That of M. ericifolia is pale- 
yellow, sp. gr. 0 • 899-0 • 902 ; M. Wilsonii, sp. gr. 0 • 925 ; M. parviflora, amber-coloured, sp. gr. 0 • 938 ; 
M. undnata, peppermint-odour ; M. genistifolia, pale greenish-yellow ; M. squarrosa, green colour, 
disagreeable flavour ; M. linariifolia, light straw-coloured, pleasant odour and flavour, sp. gr. 0-903. 
The plant called kayu-glum by the natives grows very extensively on the Malay Peninsula, and 
produces a similar oil to kayu-puti, but darker in colour. Fisher has distilled considerable quantities 
of it, and states it to be in wide medicinal use in the East. 

Camphor-oils. — See Camphor, p. 678. 

Caraway-oil. — A valued essential oil is obtained from the seeds of Carum Card (see Spices 

Caraway). Distillation is performed with water, and without previous comminution of the seeds. 
Dutch seed yields about 5J per cent, of oil ; German, 7 per cent. ; and Norwegian, 5-8 per cent. 
In England, preference ia given to oil distilled from home-grown seed ; on the Continent, the oils 
from the caraways of Halle and Holland are esteemed finer than those procured in S. Germany. 
An inferior oil is extracted from the refuse of the fruit, being mixed with turpentine-oil before 
distilling. The oil is colourless or pale- yellow, thin, with strong odour and flavour of the fruit - 
its sp. gr. is 0-91-0-97. It consists of about i carvene, boiling at 173° (343J° F.), and having a’ 
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sp. gr. of O' 861 at 15° (59° F.)- Carvol, the odorifexons portion, boils at 224° (435° P.)) “”4 has a 
sp. gr. of O' 953 at 20° (68° F.). C!araway-oil is employed in medicine, but more largely as a scent 
for soaps. 

Cardamom-oil. — The parenchyma of the albumen and the embryo of cardamoms (see Spices 
— Cardamoms) contain a varying percentage of essential oil, amounting to 5 in Madras cardamoms, 
and 3 '5 in Ceylon. It is extracted by aqueous distillation. It is pale-yellow in colour, with the 
odour and flavour of the seeds; sp. gr. O' 92-0 '94. 

Cascarilla-oil. — The bark of Croton Etuteria (see Drugs — Cascarilla, p. 797), distilled with 
water, aifords about I'l per cent, of essential oil, which is rarely extracted, the bark itself being 
used by perfumers. The oil is dark-yellow, with an odour of camphor, lemons, and thyme, an 
aromatic, bitter flavour, sp. gr. 0'938, and commencing to boil at 180° (356° F.). 

Cedar-oil. — From the pencil-makers’ shavings of American cedar (Junipenis virginiana), is 
extracted an essential oil, in the proportion of about 28 oz. from 1 cwt. of the shavings. The true 
Lebanon cedar {Cednts Libant) affords an oil of very indifferent odour. Cedar-oil is a soft, white, 
crystalline mass, of peculiar aromatic odour, solidifying at 27° (80J° F.) after desiccation, and 
distilling below 282° (539° P.). It is extensively used for scenting soaps, and is generally 
employed in America in lieu of savin-oil, being often called “ N. American savin.” 

Cedrat-essence or Citron-oil. — From the rind of the scarcely ripe fruit of the citron (see 
Fruit, p. 1023) is obtained an essential oil, either by distillation or expression, much esteemed in 
perfumery. It is thin, colourless, or yellowish, of pleasant lemon odour, sp. gr. 0 ' 840-0 ' 860, boiling 
at 160°-175° (320°-347° F.). It is prepared in small quantity, and much of that sold under the 
name is fictitious, as the rind is in great demand for “candying” (see Food Preservation, p. 1018). 

Celery-oil. — By the aqueous distillation of the herb and fruits of the celery ( Apium grareolens'), 
is obtained a colourless or pale-yellow oil, of penetrating odour, warm sweetish flavour, sp. gr. 0 ' 881 , 
and readily soluble in alcohol. At Grasse (S. France), the wild plant only is used, and yields 
about 1 lb. of oil from 400 lb. 

Chamomile-oils. — The flowers of the common or Roman chamomile (see Drugs, p. 798) 
afford 0'06-0'08 per cent, of essential oil by aqueous distillation. It is at first bluish, but becomes 
yellowish-brown in the course of a few months ; it has a pleasant lemon-like odour, and boils at 175° 
(347° F.). The yield of this oil from an acre of flowers is estimated at about 8 lb. At Mitcham, 
near London, the entire plants, deprived of their best flowers, are distilled, after drying in open 
sheds, excluding direct sunlight. The stills hold 1000-2000 gal., and a charge occupies 6-8 hours. 
The distillation is conducted at the lowest possible temperature, and, so soon as the contents of the 
retort have reached the boiling-point, the fire is withdrawn. The finest and most fragrant oil comes 
over during the first 3 hours of the process, and the receiver is then changed. 

An essential oil is also distilled from the flowers of the German chamomile (see Drugs — 
Chamomile, p. 799). It is thick, dark-blue in colour, with a strong odour of the flowers, and a hot 
aromatic flavour. 

Cinnamon- and Caasia-oils. — An essential oU, erroneously called ” white cinnamon,” is 
obtained by the aqueous distillation of the bark of Canella alba (see Drugs — Canella, p. 796) ; it is 
a mixture of caryophyllic (eugenic) acid, an oil resembling cajuput, and an oxygenized oil. It is 
not a commercial article. 

Essential oils of considerable importance are derived from the true cinnamon of Ceylon, Cinnamo- 
mum zeylanicum (see Spices — Cinnamon). Foremost is that yielded by the bark, to the extent of 
J-1 per cent., which is extensively distilled (aqueous) in Ceylon, and rarely in England. It is a 
golden-yellow liquid, with powerful cinnamon odour, sweet and aromatic but burning flavour, and 
sp. gr. 1 ' 035. It is largely used in perfumery. Ceylon ships some 15,000-40,000 oz. annually of 
this oil, chiefly to England. A century ago, the average yearly sales by the Dutch E. India Co. 
were but 176 oz. The leaves afford a brown, viscid, essential oU. of dove-like odour, sp. gr. 1'053, 
sometimes exported from Ceylon ; and a third oil is supplied by the root, — a yellow liquid, lighter 
than water, with an odour of camphor and cinnamon, and a strong camplioraceous flavour. 

Various species of Cinnamomum occurring in Tropical Asia aflbrd the so-called “ cassia-bark ” 
(see Spices — Cassia). From this bark, is distilled, notably in China, an essential oil agreeing 
chemically with that of Ceylon cinnamon-bark, but of less agreeable odour, and sp. gr. 1 ' 066. The 
yield by distillation is about J lb. of oil from 1 cwt. of bark. The oil is an export of no small 
importance from some Chinese ports. Pakhoi shipped 66,650 lb. in 1877, and 200 piculs (of 133^ lb.) 
in 1879 ; Macao exported about 480 piculs in 1879. A large proportion comes to Great Britain, but 
Hamburg seems to be the most important destination. The oil is used for perfuming soaps. 

Citronella-oil. — One of the “ grass-oils,” called “ citronella,” is obtained from Andropogon 
nardus [A. Martini], attaining a height of 6 ft. and more. It grows wild abundantly in Singapore, 
and a large area is under cultivation with it, both in Ceylon and Singapore. In Ceylon, it is cut 
for distillation at any time of year, but mostly in December-January. The leaves are distilled 
with water, and yield over 3 oz. of essential oil from 1 cwt. The pure oil is thin, colourless, with 
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strong aromatic odonr, and acrid citron-like flavour. It is a growing article of trade. The ship- 
ments from Ceylon were 622,000 oz.. value 82.m, in 1861 ; in 1874, they were 1,163,074 oz. to 
the United Kingdom, 5713 oz. to British India, and 426,470 oz. to the United States ; total, 
1,593,257 oz., in addition to 842 doz. and 33 packages to the United States. Its almost only 
application out of India is for scenting soap, the consumption being very extensive. The beat kind 
bears the name of John Fisher (of Singapore, and 43 Mincing Lane). Fisher’s 950-acre estate on 
the island of Singapore now produces about 1 million oz. yearly of this oil. 

Oils from other species of Andropojon are described under Ginger-grass and Lemon-grass 
(pp. 1422, 1423). 

Clove-oil.— An essential oil is obtaineil from the flower-buds and flower-stalks of cloves (see 
Spices— Cloves) by aqueous distillation. This distillation is largely carried on in England. The 
proportion of oil present may amount to 16—20 per cent., but to extract the whole, the distillation 
must be long continued, the water being returned to the same material. The oil is a colourless or 
yellowish liquid, with powerful odour and flavour of cloves, and varying in sp. gr. from 1-046 to 
1 • 058. It combines well with grease, soap, and spirit, and is one of the moot extensively-used oils 
in perfumery. In Germany, clove-oil is often adulterated with carbolic-acid (phenol). 

Clove-baxk-oil. — The bark of Dicypellium caryophytlatum^ a native of Brazil, affords by aqueous 
distillation an essential oil bearing great resemblance in all its properties to clove-oil. 

Coffee-oil. — Coffee-berries (see Coffee, pp. 691-722) contain a proportion of essential oil vary- 
ing from 8 to 13 per cent. This is partially given off during the roasting process (see Beverages — 
Coffee, pp. 422-3), and at least half is wasted, the remainder producing the characteristic odour and 
flavour of the berries. By the existing method of roasting coffee, it is scarcely possible to collect 
the volatilized oil, on account of its being so largely emitted dnring the shovelling of the beans in 
the open air when withdrawn from the roasting-drums. It is suggested that the drums should be 
in connection with an exhauster, so as to condense the oil in a receiver, and at the same time cool 
the beans sufliciently to prevent ignition. It is thought that the oil might be profitably used in 
making liqueurs. 

Copaiba-balsam-oil.— Copaiba-balsam (see Resinous Substances— Copaiba) contains 40-60 
per cent, of volatile oil, according to its age and botanical origin. It is obtained by aqueous distil- 
lation. It is a thin, colourless body, resembling the balsam in odour and flavour, boiling at 245° 
(473° F.) or even higher, soluble in 8-30 parts of alcohol at 0-830 sp. gr., and varying in density 
from sp. gr. 0-88 to 0 91. 

Coriaader-oil. — The fruits of Coriandrum saticum (see Spices— Coriander) yield 0-7-1- 1 per 
cent, of volatile oil, which is extracted by bruising them, and subjecting to aqueous distillation 
The oil is colourless or yellowish, with the odour and flavour of the fruits, sp. gr. 0-859-0 -871, and 
boils (not constantly) at 150° (302° F.). 

Cubebs-oil. — The fruits of Piper Cubeba (see Drugs — Cubebs, p. 809) yield 4-13 per cent, 
of volatile oU by aqueous distillation. This variation is due in part to the constitution of the drug, 
but also to the alterability of the oil. It is thick and coloinrless, the portion which distils last in 
rectifying having almost the consistence of butter; its sp. gr. is 0-936 ; it is composed of a small 
quantity of an oil (C,oH,e) boiling at 158°-163° (316i°-325i° F.), and two other oils (each CuH^,) 
boiling at 262°-265° (503J°-509° F.) ; its odour is faint and aromatic, and it has a warm flavour of 
camphor and peppermint. 

Other oils from Piper spp. are described under Matico and Pepper (pp. 1424, 142.5). 

Dill-oiL — The crushed fruits of Anethnm graceolens (see Drugs — Dill, p. 810), submitted to 
aqueous distillation, yield 3-4 per cent, of essential oil, composed of two or more hydrocarbons. 
The oil is skimmed from the distillate, and the latter forms commercial dill-water. The oil may 
be used in mixtures for perfuming soap. 

!Elder-oiL — The flowers of the elder (Sambucm nigra) afiord a very small percentage of essential 
oil by distUlatiou. It has a buttery consistence, light-yellow colour, a strong odour of the flowers, 
and a bitter, burning, afterwards cooling flavour. 

Elemi-oil. —Manilla elemi (see Resinous Substances — Elemi) affords nearly 10 per cent, of 
volatile oil by aqueous distillation. It is colourless, neutral, with a fragrant odour of the resin, an 
acrid flavour, sp. gr. 0-861 at 15° (59° F.), and boils at 166°-174° (331°-363° F.). 

Eucalyptus-oils. — Essential oils of daily increasing importance are obtained by aqueous 
distillation of the leaves and branchlets of many species of Eucalyptus (see Timber). The oil of 
E. amygdalina (3-313 per cent.) is thin, p.ale-yellow, of pungent, coarse, lemon-like odour, mild, 
cooling, afterwards bitter flavour, sp. gr. O' 881 at 15° (59° F.), boils at 165°-188° (329°-370J° F.), 
becomes resinous in the air, deposits a stearoptene at —18° (0° F.), which melts at — 3° (26J° F.) ; 
the oil is used in medicine, disinfecting, and perfumery. E. oleosa: 200 oz. from 1000 lb. of 
leaves and twigs, thin, fluid, pale-yellow; mild, camphoraceons, turpentinous flavour; mint-like 
odour ; sp. gr. 0-911 ; boils at 161°-177° (322°-350i° F.). E. sideroxylon : limpid, thin, pale-yellow, 
odour and flavour like E. oleosa, sp. gr. 0-923, boils at 155°-178° (311°-352J° F.). E. goniocalyx: 
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pale-yellow colour, pungent, penetrating, rather disagreeable odour, very unple^nt flavor, 
sp. gr. 0-918, boUs at 152°-175° (305i°-347° F.). E. globulus: 0-719 per cent., thin, very pale- 
yellow colour, cajuput-like odour, cooling, mint-like flavour, sp. gr. 0-917, boils at 149^-177° 
(300°-350J° F ), used |medieinally. E. corynAoza : colourless, slight odour of lemon and rose, 
bitterish, earaphor-like flavour, sp. gr. 0-881 at 15° (59° F.). E. ohliqua: reddish-yellow colour, 
mild odour, bitter flavour, sp. gr. 0-899, boils at 171°-195° (340°-3S3° F.), becomes turbid at - 18° 
(0° F.). E. fssilis : pale reddish-yellow colour, oilour like E. obliqm, sp. gr. 0-903, boils at 177°- 
196° (350J°-3S5° F.). E. odorata : pale-yellowish, with greenish tinge, aromatic odour, sp. gr. 

0 - 899-0 - 922 boils at 157°-199° (314J°-390° F.). E. rostrata : pale-yellow to reddish-amber, odour 
and flavour ’like E. odorata, sp. gr. 0-918, boils at 137°-181° (278i°-358° F.). £. longifolia : oily 

consistence, cooling, aromatic flavour, fragrant, camphor-like odour, sp. gr. 0-940, boils at 194°-215° 
(381°-419° F.). E. viminalis : pale yellowish-green, mild disagreeable odour, sp. gr. 0-921, boils at 
159°-182° (318°-359i° F.). E. dtriodora : yields fairly, and is a good cosmetic. E. diimosa : excel- 
lent for oil- and spirit-varnishes. Ali these oils are manufactured on an industrial scale by 
J. Bosisto, of Eichmond, Victoria. They (that of E. oleosa is most commonly used) dissolve the 
following substances in a descending degree Camphor, rosin, mastic, callitris-sandarac, elemi, 
sandarac’ kauri, dammar, asphalt, xanthorrhsaa-resin, dragon’s-blood, benzoin, copal, amber, anime, 
shellac, caoutchouc, bees’ -wax ; guttapercha is not dissolved. 

Fennel-oil. The fruits of Fatnimlum officinale [tulgare'] afibrd a volatile oil by aqueous distilla- 

tion. It is pale-yellow, with a sweetish aromatic odour and flavour of the fruit, sp. gr. 0-968 at 20° 
(68° F.) ; solidifies below 10° (50° F.) ; may be used for perfuming soap. The plant grows wild in 
S. France, and is distilled entire in July-August, giving 1 lb. of oil from 500 lb. 

Fusel-oil. The name “ fusel-nil ” is applied to a series of volatile liquids obtained in the 

rectification of alcoholic liquors made by fermenting grain, potatoes, &c., and whose separation is a 
matter of great importance (see Alcohol, p. 212). The oil varies much in quantity and composi- 
tion, according to its source ; it is practically always present in greater or less degree in commercial 
spirits. It is employed industrially as a source of amylie alcoliol, which is its oliief constituent. 

Galangal-oil.— The rhizome of Alpinia officinarum (see Spices— Galangal), by aqueous distilla- 
tion, affords about 0-7 per cent, of an essential oil, with an odour and constitution resembling 
cajuput-oil, and readily soluble in alcohol. 

Galbanuiu-oil. — Galbanum (see Kesinous Substances) affords about 7 per cent, of volatile 
oil by aqueous distillation. It is colourless or slightly yellowish, with mild, aromatic flavour, 
galbanum-like odour, sp. gr. 0-904, and boils at 160° (320° F.). 

(Jale-oil.— The leaves of JHyrica Gale, when distilled with water, give a brownish-yellow 
essential oil, thickish at 12° (53^° F.), of peculiar, pleasant, balsamic odour, mild, then hot and 
lastingly styptic flavour, sp gr. 0-876, soluble in 40 parts of alcohol at 0-875 sp. gr. 

(Jarlic-oil. The bulbs of garlic (Allium sativum), when distilled with water, afford a volatile 

oil, which does not seem to pre-exist in the plant. In the crude state, it is brownish-yellow, with 
an intense odour of garlic ; it is slowly soluble in water, and suffers partial decomposition by 
rectifying. An identical oil is yielded by several Cruciferai. (See also Allium, p. 1414). 

Geranium-oil.— The name “ geranium-oil” is properly confined to oils afforded by different 
species of Pelargonium, but is often applied also to ginger-grass-oil (p. 1422). P. Eadula, the rose-leaved 
geranium, is cultivated in France, both in the south, and at Montfort-Lamaury, in the depart- 
ment Seine-et-Oise. It is propagated by slips taken in September, and generally planted out in 
February, though the latter may be done at almost any season. The cultivation is very easy, and, 
with proper manuring and Irrigation, the plants grow 3-4 ft. high, and yield an abundance of 
foliage, which is reaped by a sickle. About 3000 plants occupy an acre, and they require renewing 
every 3-4 years. The leaves and flowers are distilled with water, 1 cwt. yielding about 2 oz. of 
essential oil. The oil obtained in Seine-et-Oise has a better odour than that produced in S. France. 
It is colourless, greenish, yellowish, or brownish, the last being most esteemed, bolls at 206°— 220° 
(421°-428° F.), and solidifies at 16° (61° F.); the odour closely resembles that of the rose. 
P. odoratissimum is much cultivated in Algeria and Valencia, and yields a very similar oil. It 
requires deep, well-worked, fertile soil, and succeeds well in the red soils of Sabel, in Alger, 
and in the cool, sandy soil of Staoneli. The slips are planted in lines, 18-26 in. by 8-10 in. 
apart, at the beginning of winter, and yield 3 cuttings annually. The cultivation is maintained for 
3 years, and gives 250-300 and even 475 cwt. of leaves per hectare iof 2J acres) per annum. The 
whole plant is cut down to within 4 in. of the ground. The first cutting, in May, requires 1200- 
1400 lb. of leaves to afford 1 lb. of essential oil, but in July, 800 lb. will give the same yield. All 
these geranium-oils are used in perfumery, and largely as adulterants of otto of rose (see Eose-oil, 
p. 1427). They are likewise themselves adulterated extensively with ginger-grass-oil (p. 1422). 

Ginger-oil. — The rhizomes of Zingiber officinale (see Spices— Ginger), when distilled with 
water, afford a thin, yellowish, essential oil, with a strong odour of ginger, a burning aromatic 
flavour, sp. gr. 0-893, boiling at 246° (475° F.). 
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Gingfer-g^rass-oil. — An essential oil known as “ ginger-grass,” often also as rttsa or “ rose-oil,” 
and as “geraninm-oil,” is the prodnoe of Arulropogon Scheenanthus, a grass indigenous to N. and Central 
India. The leaves are distilled in the Khandesh collectorate of the Bombay presidency. The oil 
produced in the Namar district of the Nerbudda valley is sometimes called “ grass-oil of Namar.” 
The export of the oil from Bombay during tlie year ending March, 1867, was 41,64.3 lb. It is 
shipped to England, and to the ports of the Bed Sea. Its largest consumption is for the adul- 
teration of otto of roses (see Eose-oil, p. 1427). 

Essential oil from other species of Andropogon are described under Citronella and Lemon-grass 
(pp. 1419, 1423). 

Hop-oil. — The female flowers of ffum'ilus Lupulus (see Hops. p. 1130), distilled with water, 
afford a fragrant essential oil. The yield from 120 lb. of New Kentish hops, according to 
Piesse, was 8 oz. ; that from 3-year old Bavarian, 11 oz. The oil is thin, colourless or yellowish, 
with a penetrating narcotic odour, hot, slightly bitter flavour, sp. gr. O' 910 ; it is not yet used in 
perfumery. 

Hyssop-oil. — On aqueous distillation of the herb hyssop (JTgssopiis officinalis), an essential oil. 
without colour, of peculiar odour, acrid, camphoraceous flavour, and neutral reaction, is obtained ; 
its sp. gr. is O' 88-0 '98 ; in contact with the air, it becomes yellow, and changes to a resin; its 
boiling-point is 142°-162° (287J°-323^° F.). The plant is largely grown around Grasse (S. 
France), and affords 1 lb. of oil from 400-500 lb. 

Ilang-ilang'-oil. — A minute quantity of remarkably pleasant-odoured oil is distilled from the 
flowers of Cananga odorata, a common plant in the E. Indies, but especially in the Philippines, 
where it is cultivated for its perfume. The oil is largely adulterated with an oil distilled from the 
flowers of Michelia Champaca, a native of the same localities. The yield of oil obtained by German 
distillers in the Philippines is about 25 grm. from 5 kilo, of the flowers (or 0'5 percent.). The tree 
may be cultivated very easily in all warm countries, and commends itself to Australian horticul- 
turists. The annual European consumption is said to be about 200 kilo, in Paris, Nice, and Grasse, 
50 kilo, in London, and 50 kilo, in Leipzig, Berlin, and Frankfort. According to on^ authority, 
“ Macassar-oil ’ is coco-nut-oil in which the flowers of Cananga odorata and Michelia Champaca have 
been digested (see also Macassar-oil, p. 1.394). 

Iva-oil. — By the aqueous distillation of the whole herb Achillea moschata before flowering, is 
obtained a clear, yellowish, liquid oil, of very pleasant, strongly ethereous odour, and warm bitter 
flavour, boiling at 180°-210° (356°-410° F.). 

Jasmine-oil.— The jasmine (Jasminum odoratissimum) is extensively cultivated for the delight- 
ful odour contained in the essential oil of its flowers. It is grown as a small bush, by grafting the 
Spanish variety upon 2-year old stems of wild jasmine. It requires moist soil or irrigation, and 
liberal pruning every year ; it is planted in rows, with horizontal poles for support, and about 80. 0 
to an acre ; the plants are not in full bearing till the third year after grafting, but when mature, 
every 1000 plants give about 60 lb. of flowers annually, or about 500 lb. an acre. The flowers 
appear in July-October, those of Augnst-September being most fragrant. The flowers are grown 
chiefly in S. France, notably around Cannes ; also in Algeria and Tunis. The essential oil may be 
obtained by aqueous distillation, repeatedly supplying fresh flowers to the same water ; but the cost 
of production is extremely great, and it is more usual to impregnate fatty oils by the absorption 
process, described on p. 1456. 

Jonquil-oil. — An essential oil is extracted from jonquil-flowers (.Xarcissus Jonquilla) by ether. 
It is yellow, of buttery consistence, and with a pleasant odour of the flowers. 

Juniper-oil.— The berries of Juniperus communis, when distilled with water, afford a colourless 
or yellowish oil, with a strong odour of the fruit, sp. gr. O' 847-0 '870, slightly soluble in alcohol. 
The oil of ripe fruits boils at 20.5° (401° F.), and deposits a stearoptene in the cold. The unripe 
fruits give in addition an oil boiling at 155° (311° F.). The plant grows in the N. regions of both 
hemispheres, but the supply of berries comes chiefly from S. France, and in a minor degree from 
Austria and Italy. The fruits are not mature till about the end of the second year after their 
appearance. Eipe berries distilled immediately give 0'4 per cent, of oil, which is increased to 
O' 75 per cent, by previous miiceration in cold water. 

liSUrel-oils. — An essential oil is obtained by distilling the berries of the sweet bay ( Lauras 
noJi/is) with water, and is often called “ bay-oil.” It is greenish-yellow, of thickish consistence 
with an odour of turpentine and laurel, sp. gr. O' 932. 

Another essential oil is procured from Oreodaphne opifera, in British Guiana, and on the Orinoco 
by boring holes into the heart of the tree. It flows out in a clear stream, and is collected in basins 
When rectified and desiccated, it is colourless, with an odour of turpentine and lemons, and 
aromatic pungent flavour; its sp. gr. is O' 864; boiling-point, 150"-163° (302°-325J° F.); it is 
used medicinally, and is an excellent solvent of indiarubber. A third oil is distilled from the 
fruit of this tree. 

Oreodaphne calif omica (the Californian bay laurel), is an evergreen tree indigenous to California 
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and the Pacific slope, growing abundantly in the vicinity of ravines, and moist shady localities. 
All parts yield a volatile oil, but the leaves give most — 4 per cent, by distillation. It is straw- 
coloured, limpid, with pungent aromatic odour, warm camphoraceous fiavour, sp. gr. O' 936. It has 
medicinal virtues. 

A fixed oil from the laurel is described under that section (see p. 1393). 

Lavender-oil. — Several species of Lavandula are cultivated for the sake of their essential oil. 
L. vera, commonly called “ female lavender,” is a native of S. Europe, N. Africa, and Persia : it is 
the kind chiefly grown, and occupies a large area of ground in France, as well as at Mitcham 
(Surrey), and Hitchin (Herts), in England. L. Spica, or “ male lavender,” is raised principally on 
the Continent, and aflforda an inferior product, termed “ oil of spike.” A lavender plantation in 
this country should be sun-exposed, and away from hedges and trees, as these tend to keep the air 
too moist, and make the flowers liable to be cut off by spring frosts. The best soil is loam, with 
chalky subsoil. In October, slips from old plants are placed in previously-prepared beds, and kept 
carefully clipped for 12 months. At the end of this time, they are set out in fine weather, 
3 ft. apart in rows 4 ft. apart (or 3547 plants on an acre). They are not yet allowed to flower, but 
are still clipped, and regularly dressed with short dung, or superphosphate of lime, to strengthen 
them. The harvest takes place in August, when the plants are cut down by the sickle, and 
immediately packed in quantities of about J cwt. in pieces of bast matting (see Fibrous Substances 
— Saphia spp., p. 994, Tilia, p. 998), for protection from the sun during conveyance to the stills. 
The yield is greatest and best from 4-year-old plants ; but it is a singular fact that the product 
from 2-year-old plants is larger than from those of either 1 year or 3 years. Sometimes the crop 
is continued on the same ground for 6 years in succession, by judiciously replacing old plants ; 
but more commonly, some other crop is raised every fourth year. The yield of oil varies 
greatly with the season and the soil. The average at Mitcham is 10-12 lb. an acre. Perks, at 
Hitchin, removes the flowers from the stalks before distilling, and finds that though the operation 
of stripping entails an extra expense, the product is greatly improved in quality, and very little 
less in quantity. Usually the whole herb is thrown into the still, in which case, the oil is divided 
into Ists and 2nds ; the former, including about of the total, is reserved for making “ lavender- 
water," while the latter serves for perfuming soaps and greases. The best French oil is got from 
flowers grown on the highest points in the department AJpes-Maritimes ; 150-200 lb. of flowers 
give 1 lb. of oil in a good season. The oils of L. Spica and L. Stcechas are used by painters on 
porcelain, and in artists’ varnishes. The oil produced in England fetches four times the price of 
any other. It is thin, pale-yellow, with a pleasant odour of the flowers, a burning, bitter, aromatic 
flavour, sp. gr. O' 876-0 -880, boils at 185°-188° (365°-370J° F.), and dissolves readily in alcohol. 

Lemon-oil and Citron-zeste.— The rind of the Lemon (see Fruit— Lemons, p. 1025), when 
rasped and subjected to expression, or when distilled, affords an essential oil, known as “ essence of 
lemon,” or “citron-zeste,” according to the method adopted. The oil is extracted largely in the 
neighbourhood of Palermo, in Sicily, at Keggio, in Calabria, and at Mentone and Nice, in France. 
The fruits are used while still rather green and unripe, being then richer in oil ; only small and 
otherwise unmerchantable fruit is employed. The operation is conducted in November-December. 
In Sicily and Calabria, the “sponge process” is adopted, as described in another section of this 
article (see p. 1457). The yield is very variable, 400 fruits affording 9-14 oz. of oil. The pulp and 
exhausted peel are pressed, to extract “ lemon-juice,” and then sometimes distilled. At Mentone 
and Nice, recourse is had to the ecttelle, whose construction and use is also recorded in another 
portion of this article (see p. 1457). These kinds of oil are much superior to a third which is 
obtained by grating the peel of fresh lemons, or of those which have been submitted to the ecuelle, 
and distilling with water. The oils obtained by the sponge and ecuelle are thin liquids, of faint- 
yellow colour, exquisite odour, and bitterish aromatic flavour ; their sp. gr. is 0 ' 83-0 ' 88, and their 
boiling point, 170'’-180° (338°-356° F.). The oil (or essence) of lemon is shipped mostly from 
Messina and Palermo, in copper bottles, called “jars ” or ramieri, holding 25-50 kilo, or more, some- 
times in tin bottles of less size. The total quantity of lemon-, orange-, and bergamot-oils exported 
from Sicily in 1871 was 368,800 lb., value 144,520/., about | coming to England ; and the exports 
from Messina in 1877 were 306,948 kilo. The British imports of lemon-oil alone are estimated at 
85,000-90,000 lb. annually. It is most extensively consumed in perfumery. 

Lemon-grass-oil. — The essential oil known as “ lemon-grass,” “ verbena,” or “ Indian 
melissa,” is obtained from the leaves of Amtropogon citratus, a large coarse grass, found under culti- 
vation in various islands of the E. Archipelago, and growing wild on extensive tracts of land in 
Ceylon; it rarely or never bears flowers. It is grown especially for its oil in Ceylon and Singa- 
pore, on the same estates with citronella, and is commonly met with in gardens in India, 
Java, and the Moluccas, It is more highly esteemed than citronella-oil, and is produced in much 
less quantity. Ceylon exported 13,515 oz. of this oil in 1872, more than half of which went to the 
United States. The best brand is Fisher’s (of Singapore). The most important use of this oil is 
for adulterating verbena-oil ; it is also used for perfuming soaps and greases. 
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Other essential oils from Andropogon are described under Citronella and Ginger-grass 
(pp. 1419, 1422). 

Iiilac-oil. — By ethereal extraction, the flowers of Syringa mlgaris yield an amber-yellow oil, with 
an odour of the flowers. For perfumery purposes, the oil is obtained by absorption with pure 
grease. 

liinden-oil. — The flowers of the European lime or linden (Tilia europcea), described elsewhere 
(see Fibrous Substances — Tilia, p. 998), submitted to aqueous distillation, give a colourless or 
yellowish oil, with a strong pleasant odour of the flowers, and sweetish flavour ; it dissolves readily 
in alcohol. It is imitated by perfumers. 

Mace- and Mutmeg-oils. — Besides the fatty oils afforded by mace and nutmegs (see 
pp. 1396-7), they yield essential oils by aqueous distillation. That from mace is thin, yellowish, 
with a strong odour of mace, burning aromatic flavour, deposits no solid at —12° (10J° F.), begins 
to boil at 160° (320° F.), the temperature rising to 180° (356° F.). Nutmeg-oil is thin, nearly 
colourless, with strong odour and flavour of the seeds, sp. gr. 0-850, deposits no sediment at —7° 
(19J° F.), commences to boil at 160° (320° F.), the temperature rising to above 200° (392° F.). 
These oils are used for scenting soap. 

Marjoram- or Origanum-oils. — The sweet marjoram {Origanum Marjorana') afiiirds an 
essential oil by distUling the whole herb with water. It is cultivated for this purpose in S. France. 
The ordinary yield is 1 lb. of oil from 2 cwt. of the herb, but it varies exceedingly with the culture 
and season. The oil is thin, of light-yellow or yellowish-green colour, with a powerful odour of 
the herb and peppermint, of warm, acrid, slightly bitter flavour, sp. gr. 0-8854 at 17° (62 J° F) 
boils at 163° (325i° F.). 

Wild marjoram {Origanum tulgare), collected in Kent, gives scarcely 1 oz. of oil from 70 lb. of 
the herb. The oil is brownish-yellow, with a strong odour of the herb, an acrid, aromatic flavour, 
and sp. gr. 0-86-0-90. 

Both these oils are said to be used for perfuming soap, but it is more than probable that they 
are generally replaced by the essential oil of thyme (see Thyme-oil, p. 1431). 

Matico-oil. — An oil is obtained from the leaves of Piper angustifolium (see Drugs Matico, 

p. 818), by distillation. It is somewhat thick, pale-green, of strong, eamphoraceons odour and 
flavour, and thickens and crystallizes by keeping. 

Other oils from Piper spp. are described under Cubebs and Pepper (pp. 1420, 1425). 

Meadow-sweet-oil. — The flowers of Spiraea Ulmaria, when distilled with water, afford a 
colourless oil, with an odour of salicylous acid, slightly burning flavour, readily soluble in alcohol, 
partly solidifying by cold. It is not availed of by perfumers. 

Mehudee-oil. — An essential oil called mehudee is distilled by the natives of some parts of 
India, notably in Lucknow, from the leaves of Lawsonia alba (see Dyestuffs— Henna, p. 858). It is 
remarkably and delightfully fragrant. 

Mignonette-oU. — The flowers of Beseda odorata, submitted to extraction by ether, yield a 
thick oil, of yellowish colour, and most pleasant odour. By perfumers, it is extracted by absorption. 

Milfoil-oils. — Various parts of the common milfoil {Achillea Millefolium') yield essential oils by 
aqueous distillation. That of the flowers is dark-blue, sp. gr. 0-92. That of the herb is blue, of a 
deeper tint than chamomile-oil, thick, almost of buttery consistence when cold, of strong odour, 
slightly burning flavour of the herb, sp. gr. 0-852-0-917. That of the fruits is greenish. That of 
the root is colourless, or slightly yellow, with peculiar, disagreeable, somewhat valerian-like odour 
and unpleasant flavour. 

The oil obtained by aqueous distillation of the herb, flowers, or fruits of showy milfoil {Achillea 
nobilis) is thick, pale-yellow, of more refined and camphor-Uke odour than common milfoil, aromatic 
eamphoraceons, bitterish flavour, sp. gr. 0-97-0-98, and dissolves readily in alcohol. 

Another Achillea-oil is described under Iva (p. 1422). 

Mugwort-oil. — The root of Arlemisia vnlgark, when distilled with water, gives a butter-like 
crystallizing oil, of pale greenish-yellow colour, penetrating peculiar odour, nauseous, bitterish 
flavour, and readily soluble in alcohol 

Other Artemisia-oils are described under Tarragon, Wormseed, and Wormwood (pp. 1431, 1432) 

Mustard oil. — Besides the fatty oil obtained from mustard (see p. 1396), a volatile oil is pro- 
duced (it does not pre-exist), by distilling macerated brown mustard-sted with water, which is 
added at a temperature not exceeding 50° (122° F.). The oil is colourless or yellowish, of intensely 
penetrating odour and flavour of mustard, sp. gr. 1-017, boils at 148° (298J° F.), dissolves slightly 
in water, readily in alcohol and ether, and in 3 times its weight of cold sulphuric acid at 168° Tw 

Myrrh-oil.— When myrrh (see Kesinous Substances-Myrrh), is distilled with water, 100 lb. 
will yield about 8 oz. of thickish, pale-yellow essential oil, having an odour and flavour of myrrh 

Myrtle-oil.— The leaves, flowers, and fresh fruits of the myrtle {Mgrtus communis), by aqueous 
distillation (in September), yield a yellowish or greenish-yellow oil, of great fragrance, about 5 oz. 
being obtained from 1 cwt. of leaves. Perfumers mostly replace it by an artificial com^und. 
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Nasturidtun-oil. — The seeds of IfastuHium officinale, nnder distillation, give an oil boiling at 
120'’-280° (248°-536° P.). 

Neroli-oil. — The fresh flowers of the bitter orange (see Pruit— Oranges, p. 1025), by aqueous 
distillation, yield O' 6-0 "7 per cent, of essential oil, the extraction of which is carried on chiefly at 
Grasse, Cannes, and Nice, in S. France ; also in Algeria. The finest trees afford about 30 kilo. 
of flowers. The oil is commonly adulterated with bergamot and petit-grain (qq. v.), | of the former 
and f of the latter being added to f of true neroli. Tbe yield from 1 ton of flowers is about 40 oz., 
worth 201., the residuary water, known as “ orange-flower water,” or aqua Kaphx, is worth an 
additional 101. The flowers of the sweet orange yield less than half the amount of oil ; those of the 
shaddock (p. 1026) make a very good neroli. Pure neroli-oil is brownish, of most fragrant odour, 
bitterish aromatic flavour, sp. gr. O' 889 at 11° (52° F.). It is very largely used in perfumery. 

Other oils from the Citrus genus are described under Bergamot, Cedrat, Lemon, Orange, and 
Petit-grain (pp. 1417, 1419, 1423, 1425, 1427). 

OUbanum-oil. — When olibanum (see Resinous Snbslances — Olibanum) is subjected to 
aqueous distillation, it affords a thin, yellowish oil, of pleasant turpentiuous odour, sp. gr. 0 • 866, 
and boUing at 162° (3231° F.). 

Orange-oil. — ^The scarcely-ripe fruit of both the sweet and bitter variety of orange (see 
p. 1025) is made to yield an oil from the rind, by means of the “ sponge ” or the ecuelle process 
(see p. 1457), which is largely produced at Messina and in 8. France. That obtained from the 
sweet orange is termed essence de Portugal ; that from the bitter, essence de bigaraJe ; the latter is 
much the more valuable. Both are used in liqueur-making and perfumery. 

Other Cifras-oils are described under Bergamot, Cedrat, Lemon, Neroli, and Petit-grain 
(pp. 1417, 1419, 1423, 1425, 1427). 

Orris-oil. — Orris-root (see Perfumes — Orris-rootX dried, and then subjected to aqueous distil- 
lation, affords an exceedingly minute quantity (about O'l per cent.) of volatile oil, not to be found 
in the living root. 

Parsley-oil. — The fruits of the parsley (Comm Petroselinum), distilled with water, afford a thin 
essential oil, greenish-yellow when fresh, colourless when rectified, with an odour of the fruit, 
sp. gr. l'01-l'04,BoUdifleaat 2°-8° (35i°-46}° F.), boils at 160°-170° (320°-338° F.), and dissolves 
readily in alcohol. At Grasse (S. B’rance), the yield is 1 lb. of oil from 250-300 lb. 

Patchouly-oiL — An essential oU is extracted from patchouly or pucha-pat {Pogostemon 
Patchouly \_Plectranthus crasm/o/i««]), a native of Silhet, Province Wellesley, Singapore, various 
islands in the E. Archipelago, and Java. There are two kinds, known as toun-tildm or tildm-outan, 
and tildm-wangi ; the former is the common and less fragrant, the latter is the cultivated and mure 
admired. Fisher, of Singapore, who produces about ^ of all the patchouly-oil of commerce, proceeds 
as follows: — The plants are grown in rows 4-5 ft. apart, in stifBsh clay containing a small per- 
centage of silica. They are raised from cuttings struck iu the open, and sheltered from the sun by 
coco-nut shells tiU rooted. The gathering is done in fine weather and after the dew is off; the tops 
and green parts are broken off by hand, rejecting all yellow or decayed leaves, and all the woody 
stems. The selected parts are carefully dried in the shade on bamboo racks, with frequent turning. 
When so far dried as to leave just sufficient moisture to favour slight fermentation, they are piled 
in heaps, and allowed to heat gently ; they are again spread out and dried (but not to absolute dry- 
ness), and are immediately distilled. The distillation is effected by steam generated in a separate 
vessel, and at a pressure not exceeding 30 lb. a sq. in., the stiU being usually steam-jacketed to 
prevent condensation. The yield of oil is about J oz. from 1 lb. of Uavcs; it would be greater by 
high-pressure steam, but of rauker quality. This oil is sent to London in 22-oz. bottU s. Quantities 
of the more or less inferiOT and mixed leaves ate sent to France and Germany for distillation, but 
the oil from them is quite a different article. The sp. gr. of Indian and Singapore ods is 0'9554- 
0'9592, and of a French sample, 1'0119, at 154° (60° F.). It is much esteemed for perfumery 
purposes. 

Pepper-oil. — The fruits of Piper nigrum (see Spices — Pepper), when distilled with water, give 
a thin, colourless oil, of hot, peppery odour and flavour, sp. gr. 0'864, boiling at 1674°-170° 
(333°-338° F.). 

Other Piper-oils are described under Cubebs and Matico (pp. 1420, 1424). 

Peppennint-oiL — Peppermint (.Mentha piperita) yields an essential oil second to none in 
commercial importance. The plant is found in several parts of England and the Continent, 
and is extensively cultivated in England, France, Germany, and N. America. It prefers 
good garden soil, and abundance of moisture, yiehling a better oil iu a temperate climate than 
in an arid one. The ground is well tilled some 8-10 in. deep, and the planting takes place 
in April-May, according to the season. The plants send out a number of runners, which 
take root at short intervals. These are cut off in spring when about 1 in. high, and are set 
out in plantations at about 1 ft. apart each way. If the soil is not very humid, or the weather 
wet, watering will be compulsory. Until July-August, tlie period of the first harvest, one or two 
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weedings are necessary. After the cropping, runners start in all directions, take root, and cover 
the ground, sometimes even affording stems for a second gathering. Between August and November, 
one or two more weedings are required ; and towards winter, the plants are covered with a light 
bed of straw sprinkled with mould or dung. In the second year, the plants have completely 
occupied the soil ; they grow with great vigour, and attain a height of over 2 ft. Two weedings 
generally suffice during the second year ; one crop is cut in July-August, and a second of less 
importance in the autumn, the usual precautions being taken before winter sets in. In the 3rd 
and 4th years, the growth relaxes, and the ground has become completely filled with an 
inextricable mass of runners and roots. The locality is then changed, and the soil is thoroughly 
well ploughed up ; some few gardens, however, will last 5 years. The weight of the crop, and the 
yield of oil from the plants, vary exceedingly with the seasons. The fi-years’ average on a French 
plantation of 31 ares of (119i sq. yd.), including plants from 1 to 4 years old, was 145 kilo, of fresh 
plants per are all round, or say 115 cwt. from an acre. 

The herb, when cut, is almost universally allowed to dry on the ground before distillation. 
This needs the greatest degree of care, for though an incipient fermentation may, and probably 
does, increase the quantity and improve the quality of the oil, any excess would result in total 
destruction. The ^vantage of sun-drying the herb before distillation has been proved by experi- 
ments on a large scale, the product being 7 per cent, greater and of superior fragrance. The main 
reason for this appears to be that, in the fresh plant, the oil-cells are so strongly protected that it is 
difficult to rupture them and secure their contents, while the prolonged boiling to which the herb 
is subjected with this object tends to destroy the natural fragrance of the oil. Some extra cost is 
entailed for labour in drying ; but as it is a common custom for small cultivators to hire the use of 
a still at so small a charge, irrespective of the weight, an advantage is gained in having the herb 
dry, as more can then be distilled at once. The best moment for distilling is when the flowers are 
blowing, the quality of the oil being then superior, though the quantity is perhaps greater some- 
what later. The flowering lasts about a month, and the still-accommodation should suffice to 
complete operations within that time. Usually the entire herb is distilled, for though the leaves 
and tops afford the moat and best oil, the exclusion of the stems reduces the product in quantity, 
and entails additional labour. 

The stills used in Europe are most commonly heated by fire ; but in America, preference seems 
to be given to steam-heating the herb in wooden stills. A good form of still for fire-heat is such 
as is used for distilling brandy from grape-marc in Prance, built into masonry, and protected from 
direct action of the fiie, with a copper strainer fixed about 3-4 in. from the bottom for the support 
of the herb. The distillation is conducted at the lowest possible temperature, and the products are 
cooled and separated in the ordinary manner, as described on p. 1457. In England, the water 
that comes over with the oil is mostly allowed to run away, and none of it is used for a second 
charge. In France, preference is given to the water of former charges. The advantage of old 
water is that, being already saturated with essential oil, it wiU not abstract more from the fresh 
plant ; but it is impossible to obtain oil of the highest quality with old waters. The duration of 
the operation depends upon the firing, and averages about 2J hours. The spent herb is taken out, 
dried, and uSed as cattle-food in America ; here it seems to be disregarded. The water remaining 
in the still after each operation becomes very foul ; the still must therefore be washed out every 
2-3 days. The yield of oil is extremely variable. In England, it is usually reckoned to average 
8-12 lb. from an acre, or 2J-3J lb. from a ton of dried herb, say 0- 11-0 -15 per cent.; but 
some growers pretend to get 6 lb. from a ton, or 0-26 per cent. The results obtained by M. 
L. Eoze from his plantations in France were as follows : — In the 6 consecutive years 1856-61, 
26,639 kilo, of the plant in flower, weighed within 24 hours of cutting, and distilled entire, gave a 
mean of 1 kilo, of oil from each 609 kilo, of plant, the maximum quantity required for 1 kilo. 
having been 638 kilo., and the minimum 548 kilo ; the mean would be ^ lb. of oil from 1342 lb. of 
almost fresh herb. The average in America is said to be 7 lb. from an acre of plant, but Sttarns 
makes it exceed the English yield. 

The English localities where peppermint is cultivated are Mitcham, in Surrey (500 acres in 
1850, 219 in 1864); Wisbeach, in Cambridgeshire; Market Deeping, in Lincolnshire (150 acres in 
1871) ; and Hitchin, in Herts. At Mitcham, two varieties are distinguished : “ black,” having 
purple stems, hardier, more prolific, but inferior product; and “white,” with green stems, a much 
more delicate and valued product The chief French peppermint-gardens seem to be at Sens 
(department of Yonne), on the fiats at the confluence of the Yonne and the Vanne. In Germany, 
Colleda, near Leipzig, is the centre of a production of 40,000 cwt. of the herb annually. The 
cultivation in the American States of S. Michigan, W. New York, and Ohio, exceeds all the 
European localities combined. Michigan has 2100 acres under this crop, 2000 of which are in 
St. Joseph county, which possesses 100 distilleries, turning out 15,000-30,000 lb. of oil yearly. New 
York and Ohio total about 1000 acres between them. The annual crop of peppermint-oil for the 
whole world is estimated at 90,000 lb. One dealer despatched 57,365 lb. from America in 1870 ; 
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and the leceipts at Hambnrg in 1876 were 25,840 lb. &om America, and 14,890 lb. from England. 
Its commercial value varies widely, Mitcham oil bringing twice or thrice the price of the best 
American ; and even the Mitcham oil itself is by no means constant. A fertile source of deprecia- 
tion is the presence of weeds among the herbs, necessitating laborious care when preparing the 
plant for distillation ; sometimes other species of Mentha usnrp the ground, and ruin the fragrance 
of the product. The American oil is frequently adulterated with castor-oil and alcohol. 

Peppermint-oil is colourless, yellowish, or greenish ; of peculiar odour ; burning, camphor- 
aceous, then cooling flavour; sp.gr. O' 84-0 '92; boUs at 188°-193° (3704-3794° F.); dissolves 
readily in alcohol ; cooled to —4° (25° F.), sometimes deposits menthol or peppermint-camphor. 
It is used in medicine (p. 819), confectionery, perfumery (less in England than on the Continent), 
and largely by sanitary engineers for testing joints and traps. 

Other oils afforded by Mentha spp. are as follows:— 4f. Pulejinm (pennyroyal), sp. gr. 0'927, 
boils at 183°-18S° (3614°-3704° F.). M. viridis (spearmint), see p. 1431. M. australis, resembles 
2nd quality peppermint-oil. M. gracilis, with an odour of peppermint and pennyroyal, sp. gr. 0 • 914. 
M. laxijlora, ap. gr. O' 924, coarse odour; flery, bitter, nauseous flavour. Much more important 
than these, is a peppermint of China and Japan, which E. M. Holmes considers most like 
M. canadensis. This plant is distilled at Canton, whence an export of 800 lb. of the oil, valued at 
30s. a lb., was specified in 1872 ; there are also large plantations of it in Japan, and the oil 
(frequently adulterated) is shipped from Hiogo and Osaka. These Chinese and Japanese oUs 
afford much more menthol than other kinds. Seeds of the plant and quantities of the camphor 
(menthol) yielded by it are imported into this country by T. Christy and Co., 155 Fenchurch 
St., Loudon. 

Petit-grain-oil. — The oil or essence of petit-grain is produced on a large scale by distillation 
of the leaves and young shoots of both the bitter and sweet varieties of orange (see p. 1025), the 
former being far the more fragrant and valuable. The leaves of the bitter orange are obtained in 
the Mediterranean lemon-districts, where lemons are mostly grafted on orange-stocks ; the latter 
put forth shoots during the summer, which are often allowed to grow to a length of some feet, 
and are then cut off, bound in bundles, and conveyed to the distillery. The oil is very extensively 
employed in perfumery. Other Obits-oils are described under Bergamot, Cedrat, Lemon, Neroli, 
and Orange (pp. 1417, 1419, 1423, 1425). 

Pimento. — See Allspice, p. 1416. 

Pine-oils. — An essential oil is distilled at Beichenhall, in Bavaria, and other places, from 
the leaves and twigs of Pinas Pumilio, which is much esteemed in medicine by the Germans. That 
from P. sylcestris is also recommended in certain throat diseases. (See also Turpentine-oil, p. 1431). 

Poplar-oil. — The leaf-buds of Populus nigra, and other species, by aqueous distillation, give a 
colourless oil, of pleasant, balsamic odour. 

Pyretlirum-oiL — The flowering herb of Chrysanthemum [Pyrethram'] Parthenium, subjected to 
aqueous distillation, affords a greenish oil, depositing stearoptene by keeping. 

Bose-oil, or Otto [Attar] of Boses (Fb., Essence de Roses ; Geb , RosenoC). — This celebrated 
perfume is the volatile essential oil distilled from the flowers of some varieties of rose. The botany 
of roses appears to be in a transition and somewhat unsatisfactory state. Thus the otto-yielding 
rose is variously styled Rosa damascena, R. sempervirens, R. moschata, R. gallica, R. centifolia, R. pro- 
vincialis. It is pretty generally agreed that the kind grown for its otto in Bulgaria is the damask- 
rose (_R. damascena'), a variety induced by long cultivation, as it is not to be found wild. It forms a 
bush, usually 3-4 ft., but sometimes 6 ft. high ; its flowers are of moderate size, semi-double, and 
arranged several on a branch, though not in clusters or bunches. In colour, they are mostly light- 
red ; some few are white, and said to be less productive of otto. 

The utUizatiun of the delicious perfume of the rose was attempted, with more or less success, 
long prior to the comparatively modem process of distilling its essential oU. The early methods 
chiefly in vogue were the distillation of rose-water, and the infusion of roses in olive-oil, the latter 
flourishing in Europe generally down to the last century, and surviving at the present day in 
S. France. The butyraceous oil produced by the distillation of roses for making rose-water in this 
country is valueless as a perfume; and the real otto was scarcely known in British commerce before 
the present century. 

The profitable cultivation of roses for the preparation of otto is limited chiefly by climatic condi- 
tions. The odoriferous constituent of the otto is a liquid containing oxygen, the solid hydrocarbon 
or stearoptene, -with which it is combined, being absolutely devoid of perfume. The proportion 
which this inodorous solid constituent bears to the liquid perfume increases with the unsuitability 
of the climate, varying from about 18 per cent, in Bulgarian oil, to 35 and even 68 per cent, in rose- 
oils distilled in France and England. This increase in the proportion of stearoptene is also shown 
by the progressively heightened fusing-point of rose-oUs from different sources: thus, while 
Bulgarian oil fuses at about 16°-18° (61°-64° F.), an Indian sample required 20° (68° F.) ; one from 
8. France, 21°-23° (70°-73° F.) ; one from Paris, 29° (84° F.) ; and one obtained in making rose-water 
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in London, 30°-32° (86°-89|° F.). Even in the Bulgarian oil, a notable difference is observed 
between that produced on the hills, and that from the lowlands. 

It is, therefore, not surprising that the culture of roses, and extraction of their perfume, should 
have originated in the East. Persia produced rose-water at an early date, and the town of Nisibin, 
north-west of Mosul, was famous for it in the 14th century. Shiraz, in the 17th century, prepared 
both rose-water and otto, for export to other parts of Persia, as well as all over India. The Perso- 
Indian trade in rose-oil, which continued to possess considerable importance in the third quarter of 
the 18th century, is declining, and has nearly disappeared; but the shipments of rose-water still 
maintain a respectable figure. The value, in rupees, of the exports of rose-water from Bushire in 
1879, were — 4000 to India, 1500 to Java, 200 to Aden and the Eed Sea, 1000 to Muscat and 
Dependencies, 200 to Arab coast of Persian Gulf, and Bahrein, 200 to Persian coast and Mekran, 
and 1000 to Zanzibar. Similar statistics relating to Lingah, in tbe same year, show — otto : 400 
to Arab coast of Persian Gulf and Bahrein ; and 250 to Persian coast and Mekran. And Bahrein 
— Persian otto : 2200 to Koweit, Busrah, and Bagdad ; rose-water : 200 to Arab coast of Persian 
Gulf, and 1000 to Koweit, Busrah, and Bagdad. 

India itself has a considerable area devoted to rose-gardens, as dt Ghazipur, Lahore, Amritzur, 
and other places, the kind of rose being R. damascena, according to Brandis. Both rose-water and 
otto are produced. The flowers are distilled with double their weight of water in clay stills ; the 
rose-water (goolabi pani) thus obtained is placed in shallow vessels, covered with moist muslin to 
keep out dust and flies, and exposed all night to the cool air, or fanned. In the morning, the film 
of oil, which has collected on the top, is skimmed off by a feather, and transferred to a small phial. 
Tills is repeated for several nights, till almost the whole of the oil has separated. The quantity of 
the product varies much, and three different authorities give the following figures: — (a) 20,000 
roses to make 1 rupee’s weight (176 gr.) of otto ; (6) 200,000 to make the same weight ; (c) 1000 
roses afford leas than 2 gr. of otto. The colour ranges from green to bright-amber and reddish. 
The oil (otto) is most carefully bottled ; the receptacles are hermetically sealed with wax, and ex- 
posed to the full glare of the sun for several days. Bose-water deprived of otto is esteemed much 
inferior to that which has not been so treated. When bottled, it is also exposed to the sun for 
a fortnight at least. 

The Mediterranean countries of Africa enter but feebly into this industry, and it is a little 
remarkable that the French have not cultivated it in Algeria. Egypt’s demand for rose-water and 
rose-vinegar is supplied firom Medinet Fayum, south-west of Cairo. Tunis has also some local 
reputation for similar products. Von Maltzan says that the rose there grown for otto is the dog- 
rose (R. canina), and that it is extremely fragrant, 20 lb. of the flowers yielding about 1 dr. of otto. 
Genoa occasionally imports a little of this product, which is of excellent quality. In S. France, 
rose-gardens occupy a large share of attention, about Grasse, Cannes, and Nice ; they chiefly pro- 
duce rose-water, much of which is exported to England. The essence (otto) obtained by the 
distillation of the Provence rose (if. promncialis) has a characteristic perfume, arising, it is believed, 
from the bees transporting the pollen of the orange-flowers into the petals of the rosea. The 
French otto is richer in stearoptene than the Turkish, 9 grm. crystallizing in a litre (If pint) of 
alcohol at the same temperature as 18 grm. of the Tiu-kish. The beet preparations are made at 
Cannes and Grasse. The flowers are not there treated for the otto, but are submitted to a process 
of maceration in fat or oil, 10 kilo, of roses being required to impregnate 1 kilo, of fat. The price of 
the roses varies from 50 c. to 1 fr. 25 c. per kilo. 

But the one commercially important source of otto of roses is a circumscribed patch of ancient 
Thrace or modem Bulgaria, stretching along the 6. slopes of the central Balkans, and approxi- 
mately included between the 25th and 26th degrees of E. longitude, and the 42nd and 43rd degrees 
of N. latitude. The chief rose-growing districts are Philippopli, Chirpan, Giopcu, Earadshah- 
Dagh, Kojun-Tepe, Eski-Sara, Jeni-Sara, Bazardshik, and the centre and headquarters of the 
industry, Kazanlik (Kisanlik), situated in a beautiful undulating plain, in tbe valley of the Tunja. 
The productiveness of the last-mentioned district may be judged from the fact that, of the 123 

Thracian localities carrying on the preparation of otto in 1877— they numbered 140 in 1850 42 

belong to it. The only place affording otto on the N. side of the Balkans is Travina. The 
geological formation throughout is essentially syenite, the decompoation of which has provided a 
soil so fertile as to need but little manuring. The vegetation, according to Baur, indicates a 
climate differing but slightly from that of the Black Forest, the average summer temperatures bein<» 
stated at 28° (82° F.) at noon, and 20° (68° F.) in the evening. The rose-bushes flourish best and 
live longest on sandy, sun-exposed (S. and S.-E. aspect) slopes. The flowers produced by those 
growing on inclined ground are dearer and more esteemed than any raised on level land, being 50 
percent, richer in oil, and that of a stronger quality. This proves the advantage of thorough 
drainage. On the other hand, plantations at high altitudes yield less oil, which is of a character 
that readily congeals, from an insufficiency of summer heat. The districts lying adjacent to and in 
the mountains are sometimes visited by hard frosts, which destroy or greatly reduce the crop. 
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Floods also occasionally do considerable damage. The bushes are attacked at intervals and in 
patches by a blight similar to that which injures the vines of the country. 

The bushes are planted in hedge-like rows in gardens and fields, at convenient distances apart, 
for the gathering of tlie crop. They are seldom manured. The planting takes place in spring and 
autumn; the flowers attain perfection in April-May, and the harvest lasts from May till the 
beginning of June. The expanded flowers are gathered before sunrise, often with the calyx 
attached ; sncli as are not reqnired for immediate distillation are spread out in cellars, but all are 
treated within the day on which tliey are plucked. Baur states that, if the buds develop slowly, 
by reason of cool damp weather, and are not much exposed to sun-heat when about to be collected, 
a rich yield of otto having a low solidifying-point, is the result ; whereas, should the sky be clear 
and the temperature high at or shortly before the time of gathering, the product is diminished, 
and is more easily congealable. Haubury, on the contrary, when distilling roses in London, noticed 
that, when they had been collected on fine dry days, the rose-water had most volatile oil floating 
upon it, and that, when gathered in cool rainy weather, little or no volatile oil separated. 

The flowers are not salted, nor subjected to any other treatment, before being conveyed in 
baskets, on the heads of men and women, and backs of animals, to the distilling apparatus. This 
consists of a tinned-copper still, erected on a semicircle of bricks, and heated by a wood fire ; from 
the top, passes a straight tin pipe, which obliquely traverses a tub kept constantly filled witli cold 
water, by a spout from some convenient rivulet, and constitutes the condenser. Several such stills 
are usually placed together, often beneath the shade of a large tree. The still is charged with 
25-50 lb. of roses, not previously deprived of their calyces, and double the volume of spring water. 
The distillation is carried on for about IJ hour, the result being simply a very oily rose-water 
(j/hyul-suyti). The exhausted flowers are removed from the still, and the decoction is used for the 
next distillation, instead of fresh water. The first distillates from each apparatus are mixed and 
distilled by themselves, one-sixth being drawn off ; the residue replaces spring water for subsequent 
operations. The distillate is received in long-necked bottles, holding about IJ gal. It is kept in 
them for a day or two, at a temperature exceeding 15° (59° F.), by which time, most of the oil, 
fluid and bright, wili have reached the surface. It is skimmed off by a small, long-handled, flne- 
orificed tin funnel, and is then ready for sale. The last-run rose-water is extremely fragrant, and 
is much prized locally for culinary and medicinal purposes. The quantity and quality of the otto 
are much influenced by the character of the water used in distilling. When hard spring water is 
employed, the otto is rich in stearoptene, but less transparent and fragrant. The average quantity 
of the product is estimated by Baur at O' 037-0 '040 per cent.; another authority says that 3200 
kilo, of roses give 1 kilo, of oil. 

Pure otto, carefully distilled, is at first colourless, but speedily becomes yellowish ; its sp. gr. is 
0-87 at 22i° (721° F.); its boiling-point is 229° (444° F.) ; it solidifies at 11°-16° (5'2°-61° F.), or 
still higher ; it is soluble in absolute alcohol, and in acetic acid. The most usual and reliable 
tests of the quality of an otto are (1) its odour, (2) its congealing-point, (3) its crystallization. 
The odour can be judged only after long experience. A good oil should congeal well in five 
minutes at a temperature of 12i° (541° F.) ; fraudulent additions lower the congealing-point. The 
crystals of rose-stearoptene are light, feathery, shining plates, filling the whole liquid. Almost the 
only material used for artificially heightening the apparent proportion of stearoptene is said to be 
spermaceti, which is easily recognizable from its liability to settle down in a solid cake, and from 
its melting at 50° (122° F.)., whereas stearoptene fuses at 33° (911 F°.). Possibly paraliin-wax 
(see Paraffin) would more easily escape detection. 

The adulterations by means of other essential oils are much more difficult of discovery, and much 
more general ; in fact, it is said that none of the Bulgarian otto is completely free from this kind 
of sophistication. The oils employed for the purpose are certain of the grass oils {Andropogon and 
C'ytnbopogon spp.^, notably that afforded by Andropogon Schasnanthus (see Ginger-grass-oil, p. 1422), 
called idris-yaghi by the Turks, and commonly known to Europeans as “ geranium-oil,” though quite 
distinct from true geranium-oil. The addition is generally made by sprinkling it upon the rose- 
leaves before distilling. It is largely produced in the neighbourhood of Delhi, and exported to 
Turkey by way of Arabia ; it is sold by Arabs in Constantinople in large, bladder-shaped, tinned- 
copper vessels, holding about 120 lb. As it is usually itself adulterated with some fatty oil, it 
needs to undergo purification before use. This is effected in the following manner : — The crude 
oil is repeatedly shaken up with water acidulated with lemon-juice, from which it is poured oft' 
after standing for a day. The washed oil is placed in shallow saucers, well exposed to sun and air, 
by which it gradually loses its objectionable odour. Spring and early summer are the best seasons 
for the operation, which occupies 2-4 weeks, according to the state of the weather, and the quality 
of the oU. The general characters of this oil are so similar to those of otto of roses— even the odour 
bearing a distant resemblance, — that their discrimination when mixed is a matter of practical 
impossibility. The ratio of the adulteration varies from a small figure up to 80-90 per cent. The 
only safeguard against deception is to pay a fiiir price, and to deal with firms of good repute. 
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The otto is put up in squat-shoped flasks of tinned copper, called kunhimas, holding 1-10 lb., 
and sewn up in white woollen cloths. Usually their contents are transferred at Constantinople 
into small gilded bottles of German manufacture, for export. The Bulgarian otto-harvest, dimng 
the five years 1867-71, was reckoned to average somewhat below 400,000 meticals, miskals, or midkdls 
(of about 3 dwt. troy), or 4226 lb. av. ; that of 1873, which was good, was estimated at 500,000, 
value about 700,0001. The harvest of 1880 realized more than 1,000,000/., though the roses them- 
selves were not so valuable as in 1876. About 300,000 meticals of otto, valued at 932,077/., were 
exported in 1876 from Philippopolis, chiefly to France, Australia, America, and Germany. 

Xtosemsury-oils. — The common rosemary {Rosmarinus officinalis) is a native of S. Europe and 
Asia Minor, growing abundantly wild in Spain, Prance, Germany, and Austro- Hungary, and under 
cultivation to a small extent at Mitcham, in Surrey. The cultivation resembles that of lavender, 
except that the plant requires longer to mature. The otto produced in England is valued at 10 
timpH the price of Continental articles, but its quantity is so inconsiderable that it scarcely forms a 
commercial article. The market is chiefly supplied from plants growing wild in S. France, and 
Italy, as well as on the islands of Lesina, Maslinica, and Lissa, off the Dalmatian coast, where the 
peasants annually retort some 20,000 funii (of 1*2 lb.), and export 300-350 quintals of the oil via 
Trieste. In France and Italy, the plant is gathered in summer, but not while in flower ; generaUy 
the entire herb is distilled, but sometimes the flowering tops only are selected for the operation. 
In Dalmatia, the biennial shoots are cut in May, sun-dried for about 8 days, and deprived of their 
leaves. The latter are then moistened with water, and treated in copper stills over naked flres. 
The yield from 1 cwt. of fresh herb is about 24 oz. of oil, but is subject to great variation. The 
oil is colourless or yellowish, with a somewhat camphor -like odour and flavour of the herb ; sp. gr. 

0 • 886-0 * 933 ; dissolves readily in alcohol. It has a very wide use in perfumery. Trieste supplies 
34,000-40,000 lb. annually of the oil to Europe and America. 

The so-called “wild rosemary” or “Labrador tea,” Ledum palustre (see Narcotics — Ledum, 
p. 1308), gives an essential oil by aqueous distillation. 

Hosewood- or Khodium-oil. — By aqueous distillation, the root and stem of Convolvulus 
scoparius and C, fioridus, growing m the Canaries, afford an essential oil, in the proportion of about 
3 oz. from 1 cwt. The oil is thin, pale-yellow, with an odour of roses and cubebs, and a bitter 
aromatic flavour. It has disappeared from commerce, and is completely replaced in perfumery by 
an artiflcial compound. 

Rue-oiL — The whole herb of Ruta graveolens, submitted to aqueous distillation, affords a 
colourless oil (about 1 lb. from 150-200 lb.), with strong odour and flavour of the herb, sp. gr. 

0*831, congealing at — 1° 2“ (30J°-28J° F.), and boiling at 228°-230° (442§°-446° F.). It is 

principally employed in aromatic vinegars (see p. 335). 

Ssifron-oil. — The stigmata of Crocus satirus (see Dyestuffs — Saffron, p. 866), by aqueous 
distillation, yield a thin yellow oil, with an odour of saffron, which is slowly converted into a solid 
mass that sinks in water. 

Sagapenum-oiL — By distilling sagapenum (see Kesinous Substances — Sagapenum) with 
water, it affords a thin, yellow oil, with a garlic-like odour at first, then becoming turpentinous, 
dr3ring to a translucid varnish, and dissolving readily in alcohol. 

Sage-oiL — The whole herb of sage {Salvia officinalis), by aqueous distillation, yields a 
greenish-yellow oil, with the odour and flavour of the herb, sp. gr. 0*864, boiling at 130°-160° 
(266°-320° F.) It is rarely employed, but is a useful perfume. The plant grows both wild and 
cultivated around Grasse (S. France), and yields 1 lb. of oU from 300 lb. 

Sandal-wood-oiL — The essential oil which carries the delightful perfume of sandal-wood 
(see Perfumes — Sandal-wood) is extracted in Mysore in the following manner. The roots yield 
the largest quantity and finest quality, and next in value is the dark central wood of the tree. 
The chips and billets are distilled with water in a large globular clay pot, with an open mouth, 
about 2i ft. deep, and 6J ft. in circumference at the bilge. When charged, the month of the s till 
is closed with a clay lid, having a small central hole, through which is passed a bent copper tube, 
about 5J ft. long, for the escape of the vapour. The lower end of this tube is carried into an 
ordinary crude condenser. The white or sap wood is rejected for distilling. The operation is 
carried on for 10 days and nights, the water being occasionally renewed from the heated overflow 
of the condenser. The yield from good wood is at the rate of 2 J per cent. ; European distillers do 
not succeed in getting more than 30 oz. from 1 cwt. The oil is transparent, of pale-yellow colour, 
resinous flavour, sweet peculiar odour, sp. gr. 0*980. It is in great request as a perfume. 

Sassa&as-oils. — Essential oils are obtained from the root-wood and root-bark of Sassafras 
officinale (see Drugs— Sassafras, p. 823). These oils are largely distilled in America. The charge 
of a still, about 11 bush, of chips, yield 1-5 lb. of oil, according to the quality of the root, and the 
proportion of bark present. The wood of the root gives 1-2 per cent., while the bark of it affords 
double that amount, and the stem and leaves of the tree yield scarcely any. The commercial oil 
is derived entirely from America, the quantity annually produced in Baltimore, the chief market 
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for a radios of 300 miles, being 15,000-20,000 lb. ; it was 20,200 lb. in 1876. The oil is colonrless, 
yellow, or reddish-brown, according to the character of the root used ; it has the odour of sassafras, 
and sp. gr. 1' 087-1 '094. When cooled, it deposits crystals of sassafras-camphor (see p. 578). It 
is used in America to give a pleasant flavour to drinks, tobacco, and soaps. 

Australian sassafras (^Atherosperma moschatuin), growing abundantly in gullies near the coast in 
Victoria and Tasmania, gives a thin, unctuous, pale-yellow oil by aqueous distillation of the bark ; 
its odour resembles sassafras and caraway, with a bitter aromatic flavour, sp. gr. 1'04, boiling at 
230°-245'> (446°-473° F.) 

Savin-oiL — The branchlets and frnits of Janiperus Sabina, distilled witli water, yield a colour- 
less oil, with strong odour and flavour of the shrub, sp. gr. 0'89-0'94, boiling at ]55°-16l° 
(3ll°-322° F.). In S. France, 1 lb. of oil is obtained from 300-400 lb. The yield from young 
branches is 1‘30 per cent, fresh, and 2' 5 per cent, dry; from the fresh berries, 10 per cent. The 
oil is used medicinally, and is often adulterate<l with turpentine-oil. 

Other Junipcri/s-oils are described under Cedar and Juniper (pp. 1419, 1422). 

Spearmint-oil. — The common garden mint or spearmint {Mentha viridis) is a fragrant perennial 
cultivated plant of Europe, Asia, and N. America. It is cultivated in the United States in the 
same manner as peppermint (see p. 1425). H. G. Hotchkiss, of Lyons, Wayne Co., New York, 
makes some 1000 lb. of the essential oil annually. Its sp. gr. is O' 91-0 '93. 

Spike-oil. — See Lavender-oU (p. 1423). 

Sweet-flag-oil. — Tlie rhizome of Acoms Calamus (see p. 190), when distilled with water, 
affords a pale- to dark-yellow oil, with strong penetrating odour of the root, aromatic, bitter, burning, 
camphonmeous flavour, sp. gr. 0 • 89-0 ' 98, dissolving readily in alcohol, and boiling at 195° (383° F.) 

Tansy-oil. — Tlie herb and flowers of Tanacetuin vuhjare, distilled with water, yield a thin 
yellow oU, having the specific odour of the plant. 

Tarragon-oil. — The leaves of Artemisia Dracunculus, distilled with water, give an oil of 
0 • 935 sp. gr., boiling at 200°-206° (392°-403° F.). The plant is cultivated on a large scale near 
Grasse (S. France), yielding two crops yearly (July and October) ; its yield of oil is 1 lb. from 
300-500 lb., according to season and locality. 

Other Artemisia-oila are described under Mugwort, Wormseed, and Wormwood (pp. 1424, 1432). 

Tea-oU. — An essential oil is extracted from tea-leaves by distilling with water, shaking the 
distillate with ether, pouring oflf the ether solution, and evaporating ; it is lemon-yellow, of strongly 
narcotic, tea-like odour and flavour, and solidifies on keeping. It is not to be confounded with the 
fatty oil extracted from the seed (see p. 1411). 

Thyme-oil. — All varieties of the thyme afibrd fragrant essential oils, but this is especially the 
case with the wild or lemon-thyme {Thymus Serpyllum'). The cultivated variety {T. citriodorus') of 
this species is not utilized by perfumers ; its oil is golden-yellow, with a pleasant odour of lemon 
and thyme, and an aromatic, bitter flavour ; sp. gr. 0'89-0'91. The species cultivated for the sake 
of its odour is the common or garden-thyme {T. vulyaris}. This plant is extremely abundant on 
the arid wastes of Languedoc ; it is collected from the rocky hills in the department of Gard, 
S. France, and distilled chiefly in the villages around Nimes. The entire herb is used, and the 
process is carried on both in May-June, when the plant is in flower, and again in the autumn. 
The yield is about 1 per cent, of oil ; this is deep reddish-brown; becoming colourless but slightly 
less fragrant on re-distillation. Both the former (Auife rouge de thym) and the latter (A. blancite de f.) 
are met with in commerce. Some 11,938 lb. of thyme-oil were consumed in England in 1839, and 
7553 lb. in 1844. The oil is used medicinally (chiefly veterinary), and in perfumery under the name 
of “ origanum ” (see p. 1424) ; one of its constituents, thymol, is a valued disinfectant. It is often 
adulterated with oil of turpentine, or fraudulently deprived of its thymol before sale. 

Turpentine-oiL — A volatile oil pervades all parts of the numerous species of Pinus (see 
Timber), and is mostly obtained from the resinous exudations (see Resinous Substances) by 
dry or aqueous distillation. The commercial oils are commonly distinguished as: — “French,** 
from P. maritima and P. Pinaster; “German,” from P. sylvestris, Abies pectinata, and A. exoelsa\ 
“Venetian,” from Larix europwa ; and “English,” from P. Tada and P. australis. They are thin, 
colonrless, with strong specific odour and flavour, sp. gr. 0'850-0'880, boil at 150°-160° (302°-320° 
F.), scarcely soluble in water, sparingly in alcohol, readUy in ether. 

Fatty oils from Pinus spp. are described on p. 1408. 

Valerian-oil. — By aqueous distillation, the root of Valeriana officinalis (see Drugs, p. 826) gives 
a thin, neutral, yellowish oU, with an odour of the dried root, sp. gr. O' 90-0 '96, readily soluble in 
alcohol. 

Wintergpreen-oil. — All parts of Gaultheria procumbens, a little creeping pdant of N. United 
States and Canada, possess a pleasant aromatic odour and flavour, due to the presence of an 
essential oil. The leaves are submitted to aqueous distillation in a copper vessel (tin-plate is 
better, and wood probably would be found even more satisfactory), the water being usal repeatedly. 
The yield is about O' 66-0 '80 percent. According to the latest returns, 828 lb. of this oil was 
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distilled in the United States. It is pale-green, of the same composition as birch-bark-oil (sea 
p. 1417), sp. gr. 1 ■ 17, and is employed medicinally. It is sometimes adulterated with sassafras-oil 
and chloroform in large proportion. 

In Java, G. punctata and G. leucocarpa are abundant on the tops of many of the volcanoes, and 
their leaves yield oils scarcely distinguishable from the Canadian wintergreen-oil : the proportion 
from the former is 340 grm. of oil from 59 lb. of fresh leaves, or about 1 • 15 per cent. ; and from the 
latter, 40 grm. from 65 lb., or 0-012 per cent. 

Andromeda Leschenaultii, common hill-plant in Ceylon ; oil closely resembling Canaditm winter- 
green, but containing less of the peculiar hydrocarbon oil found in the Canadian product, and 
therefore superior, but the commercial demand would hardly repay its preparation. 

Wormseed- and Wormwood-oils. — ^The flowers of Artemisia Cana and A. Lippii, by 
aqueous distillation, yield a colourless or yellowish oil, with an odour of the drug, an acrid, burning, 
aromatic flavour, sp. gr. O’ 925-0 ‘945, boiling at 175° (347° F.) after rectification. The leaves and 
flowers of A. Absinthium, by aqueous distillation, give a dark-green oil, with odour and flavour of 
the plant, sp. gr. 0’973, boiling at 205° (401° F.), and readily soluble in alcohol. The United 
States produced 170 lb. of this oU, according to the latest returns. 

Other jlrfemtsia-oils are described under Mugwort and Tarragon (pp. 1424, 1431); see also 
Drugs — Wormseed, p. 826. 

Hiscellaiieous. — The following plants have been ascertained to afford volatile oils, exhibiting 
the properties stated ; — 

Aristolochia Serpentaria, root : light-brown ; with odour and flavour of valerian and camphor. 

Arnica montana (see Drugs, p. 793), flowers and root : former blue or brownish-green, latter 
brownish-yellow. 

Asarum europosum, root : thickish ; yellowish ; valerian-Kke odour ; burning acrid flavour. 

Bacihousia dtriodora : in forest tracts of S. Queensland; the lemon-scented leaves deserve dis- 
tillation. 

Bursera pimmifera, resin (see Resinous Substances — Gomart) : resembles tnrpentine-oiL 

Carapa guianensis (see Crab-oil, p. 1386) : unctuous ; colourless ; very bitter flavour ; solid at 4° 
(39° F.). 

Chenopodium ambrosioides, herb : pale- to greenish-yellow, colourless when rectified ; very thin ; 
great light-refracting power; strong odour of the herb; aromatic peppermint-like flavour; sp. 
gr. 0-902 ; boils at 179°-181° (351°-358° F.); readily soluble in alcohol. 

Cochlearia officinalis, C. Danica, and C. Anglica, herb : sp. gr. 0-942 ; with pnngently acrid odour 
and flavour of the green herb in the highest degree. 

Curcuma longa, root : thin ; citron-yellow ; penetrating odour and hot flavour. 

C. Zedoaria, tubers : pale-yellow ; turbid ; thick ; peculiar, fragrant, camphor-Uke odour ; bitter, 
hot, camphoraceons flavour. 

Dahlia purpurea, tubers : yellowish ; strong odour of the tubers ; sweetish, sub-acrid flavour ; 
becomes thick like butter. 

Daucus Carota, root; peculiar, strong, penetrating odour; similar, warming, disagreeable 
flavour; sp. gr. 0-886. 

Briostemon squameum, leaves : pale-yellow ; similar but milder odour and flavour than rue. 

Sedieigia balsamifera, balsam : yellow ; pleasant turpentinous odour ; hot flavour. 

Zycopus europaus, herb : green ; butter-like ; odour of the herb ; acrid flavour. 

Mercvrialis annua, dried herb : thickish consistence. 

Sigella sativa (see also p. 1415), seeds ; colourless!, with bluish fluorescence ; mixed odour of fennel 
and bitter almonds. 

Oenanthe Phellandrium, fruits: yellowish to brownish; thin ; penetrating odour and flavour of 
the fruit; sp. gr. 0-852. 

Osmitopsis asteriscoides, flowers: thin; yellowish, rectified colourless: penetrating odour of 
camphor and cajuput ; burning, rancid flavour ; readily soluble in alcohol; sp. gr. 0-921 ; boiling- 
point, 178° (352J° F.). 

Pastinaca sativa, fruits : clear, colourless ; not unpleasant odour ; aromatic flavour ; sp. gr. 
0-8672 at 17i° (63i° F.). 

Peucedanum Oreoselinum and P. ostruthium, herb of former : strong, aromatic, juniper-like odour ; 
sp. gr. 0-840; boiling-point, 163° (325J° F.). Boot of latter: thin; colourless to pale-yellow; 
penetrating odour ; warm, camphoraceons flavour. 

Philadelphus coronarius, flowers : by ether ; golden-yellow ; narcotic in quantity ; delightful 
odour when diffused. 

Pitiosporum undulatum, flowers : limpid ; colourless ; extremely agreeable jasmine-like odour ; 
disagreeably hot and bitter flavour. 

Prostanthera Lasianthos, and P. rotundifolia, leaves : former, greenish-yeUow ; mint-like odour and 
flavour ; sp. gr. 0 • 912. Latter, of darker colour ; and 0 - 941 sp. gr. 
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Ravenala sp., of Madagascar, and S. amazonicoy in Gniana : blue pnlpy aril anrronnding the 
seeds. 

Thuya ocddentalis, the green parts : colourless to greenish-yellow ; oamphoracepus odour and 
flavour ; sp. gr. 0‘925 ; boiling-point, 190°-197° (374°-386J° F.) ; readily soluble in alcohol. 

Tropceolum majus, fruits : yellow ; peculiar, aromatic odour ; acrid, burning flavour ; inflames 
the skin more than mustard-oil ; contains sulphur ; boils at 120°-130° (248°-266° F.). 

Zieria Smithii, leaves : pale-yeUow ; odour and flavour of rue ; sp. gr. 0 ■ 950. 

MINERAL OILS. 

Mineral oils include the following products : — ^Peat-oils, or the hydrocarbons which may be dis- 
tilled from peat ; shale-oils, or similar bodies obtainable from bituminous shales ; coal-tar-oils, or 
allied products of the distillation of the tar obtained in making illuminating-gas ; and, most im- 
portant by fer, the large series of petroleums or rock-oils found ready-formed in certain geological 
strata in many parts of the world. 

Peat-oils. — Before the introduction of American petrolenm, the distillation of oils from peat 
was a remunerative industry in this country ; but where petroleum, bituminous shale, or oil-coal can 
be had in abundance, the profitable utilization of peat-oil in this manner is impossible in the present 
state of our knowledge and appliances. Of the bog-peats formerly distilled by the Irish Peat Co., 
100 ton, in close retorts, gave 2 ton 15 cwt. of tar, yielding 409 gal. of refined oils and paralfin ; 
by kiln treatment, 2 ton 8 cwt. of tar, affording 304 gal. of oils and paraffin. Dense mountain 
peat from Antrim, in Dr. Hodge’s experiments with 50 tons, produced at the rate of 4 ■ 44 per cent, 
of tar. The very dense bituminous peat out by Sir James Matheson, in Lewis, one of the Hebrides, 
returns, from 100 tons, air-dried, by close retort, 2097 gal. of tar, equivalent to 1629 gal. of crude oil, 
999 gal. of which may be secured in the refined state. This was highly profitable when the oil sold 
at 2s. a gab, but the production of oil has long been discontinned even here, and the tar is used in 
the ship-yards. 

Shale-oils. — Beds of dark, coaly-looking mineral, known as “ bituminous ” or “ bituminiferons ” 
shales, occur in this country in the Tertiary, Cretaceous, Oolitic, Triassic, and Carboniferous forma- 
tions. These vary in quality and aspect, according to the proportion of mineralized organic matter 
present, ranging from a mere argillaceous mineral almost to coal. The beds vary in thickness and 
in character; they are interstratified with sandstones, limestones, coals, &c. ; and are mined much 
in the same way as coal. Many of the Oolitic and Wealden shales, though valuable for some pur- 
poses, are useless as sources of illuminating-oils, and it is those of the Carboniferous system that are 
chiefly distilled for the production of paraffin and paraffin-oils. Bituminous shales occur in most 
British coal-fields. Their production in 1880 was as follows : — 

The shales of the lower coal-meastires of Linlithgow, Lanark, Ayr, Fife, and Midlothian are 
those most largely raised for distilling. Superior shales aro recognized by their lightness and 
toughness, or “ boardiness,” in mining phraseology, and by their brown streak. Those in use yield 
a quantity of crude oil varying from 18 to 80 gal. a ton. This branch of manufacture is discussed 
at length in the article on Paraflln. 

An earthy lignite occurring within a small portion of the Saxon Tburingian brown-coal forma- 
tion, between Weissenfels and Zeitz, forms the material for a large mineral oil and paraffin industry, 
dealing with some 36,000 tons of tar annually, and producing about 12,500 tons of paraffin-oils, 6000 
tons of gas- and lubricating-oils, 5000 tons of paraffin, and 3600 tons of accessory products. This 
lignite contains nests and branches of a fusible hydrocarbon (pyropissite), yielding as much as 66 
per cent, of tar on distillation. 

Coal-tar-oils. — The extraction and utilization of the oils contained in coal-tar will be found 
fully described and illustrated in the article on Coal-tar Products, pp. 641-684. 

Petrolenm, Bock-oil, Naphtha, or Mineral Tar (Fb., Bitume liguide; Geb., Erdei, 
SUinSl). — ^These names are applied with little discrimination to a class of liquids occurring in various 
geological formations and geographical localities ; possessing a more or less limpid, oily consistence, 
a strong bituminous odour, a usually dark yellowish-brown colour, a sp. gr. ranging from 0 ’ 8 to 
1 • 1 ; and composed of hydrocarbons varying in constitution and boiling-point in almost every case, 
as will be noticed further on. Very closely allied products are asphalte or native bitumen (see 
p. 341), and ozokerit or earth-wax (see Wax — Ozokerit). 

Origin and Occurrence. — ^The origin of petroleum has been a subject of much 'speculation among 
geologists. The most widely accepted notion is that it is due to the very slow decomposition of 
organic remains, animal, vegetable, or both combined. But the occurrence of any organic detritus 
in such formations as the Silurian, in sufficient quantity to account for the enormous yield of oil, is 
doubted by many. Another attempted explanation of its origin is the percolation of sea-water to 
depths where the temperature is sufficiently high, in contact with such minerals as iron and its 
sulphides, to form carburets, in support of which is adduced the frequent occurrence of petroleum 
and similar products as accompcmiments of volcanic action. A third plausible argument refers the 
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fonnation of all the members of this hydrocarbon series to the condensation of carbon vaponrs 
escaping from a depth in the earth on meeting with hydrogen combined as water, the new compound 
becoming condensed to various degrees according to local circumstances. Keflecting on the vast 
geological distribution of petroleum, it is only reasonable to suppose that more than one cause has 
been instrumental in its production. All experience hitherto gained tends to prove that, though in 
a few unimportant eases, the creative agency, whatever it may be, seems to be still at work, yet 
in the great majority of instances, the active formation of the article is a work of the fer past, and 
that we are recklessly exhausting the supplies which have been countless ages in course of 
collection. 

Petroleum is fonud in strata of almost all ages, from Silurian upwards. In Canada, it occurs 
mainly in the comiferous limestone of the Lower Devonian, also more or less in the bird’s-eye lime- 
stone of the lower Silurian, and the Lower Helderberg limestone of the Upper Silurian. In the 
United States, it is obtained chiefly from Devonian and Carboniferous formations ; in S. California, 
from Tertiary shales; in Trinidad, from Tertiary lignites; in Persia and the Caspian region, 
from Tertiary shales and limestones; in Burma, from shallow Tertiary and Post-tertiary clays 
and lignites. 

Commercial Sources . — Petroleum has been discovered in W. Staffordshire and in Scotland. It is 
obtained at Bechelbronn and Scbwabwiller, Department of Bas-Rhin, France. Germany possesses 
petroleum-springs affording a limited quantity near Luneburg, in Alsace ; borings are being made 
in the district S. of Celle, in Hanover, where those reaching 60 ft. in depth are yielding 4 cwL of 
oil daily, of improving quality ; and an experimental sinking near Heide, in Holstein, has struck a 
flowing well giving a superior product. The oil-wells of Italy number about 5, situated in the 
Valley of Cocco, in the Abrnzzi, and at Eiva-Nazzano, near Voghera, in Piedmont. The exploita- 
tion has been on a primitive scale hitherto, and the production trifling. 

The resources of the previously-cited localities appear insignificant in comparison with those of 
a portion of E. Europe embracing parts of Hungary, Galicia, Bnkowina, Eoumania, and Moldavia. 
Dr. H. Gintl, a great authority in these matters, considers this petroleum (and ozokerit) region 
uniform in origin and history with the similar formation in the Caspian and Trans-Caucasian 
countries. He declares that the whole N. flank of the Carpathians, from Librautowa, in Neu- 
Sandezer, to Sloboda, in Kolomea’er, or a length of over 270 miles, will be found to yield petroleum 
and ozokerit ; some 13,500 wells in about 126 localities, give a yearly yield of about 520,000 centners 
(of not lb.) of petroleum, and 360,000 centners of ozokerit, representing a capital of about 600,0001. 
There are 9 districts of Galicia where petroleum is obtained, the principal being Boryslav, where 
are situated 3200 of the 4000-5000 wells now being worked. The ground is divided into very 
smali lots, of different ownership ; the wells are sunk very near together, and, in this district, to 
very shallow depths, 18-25 fathoms being the average, and 65 fathoms the maximum. In 1873, 
Boryslav produced 200,000 cwt. of crude petroleum, and Wolanka, 20,000 cwt. ; the total value 
(including a larger quantity of ozokerit) was 462,0001., and the total labour employed was 9000. 
The common method of working is to sink a shaft down to the stratum of plastic clay ; with favour- 
able soil and little water, the sides are lined with 2-in. boards ; so far as the clay extends, the only 
lining used is wicker-work. The ordinary dimensions of the shafts are 26 in. x 32-37 in., and 
20 in. X 36 in. when lined with wicker. The sinking is always carried on with the aid of venti- 
lators and air-tubes ; no light is admitted, except while cutting through ozokerit, when a safety- 
lamp is used. Large quantities of gas are always present in the workings. The petroleum is 
usually met with at a shallower level than the ozokerit. When oU is struck, operations are 
temporarily suspended. The pit is covered with boards, so that the well may not cool, and the oil 
is then extracted by a crude arrangement of buckets and winding apparatus. The average daily 
yield of a well is 30 gal., but some give 140 gal. When the flow stops, the well is usually deepened, 
so as to obtain a second supply. Between the marl strata and sandstone strata, are often de- 
posits of ozokerit, whose working will be described in another article (see Wax — Ozokerit). In the 
district of Bdbrka, which, according to Dr. Gintl, is by far the most advanced, the petroleum is 
found in a conglomerate containing rounded quartz particles as large as lentils, the whole being a 
porous mass perfectly free from lime, and emitting much smoke and a strong odour of petroleum 
when burned. Wells sunk 66 ft. have produced 3000 cwt of petroleum monthly for a considerable 
time. The depth first driven does not exceed 50-200 ft, but as the yield decreases, they are 
deepened to 800-1000 ft This is the only district where anything like the American system has 
been introduced. Boring-rods making a 6-in. or 7-io. hole are used, and generally worked by 
steam. The petroleum is drawn off by 2-in. tubes. A rule obtains that where ozokerit occurs 
there petroleum also will be found ; but the converse does not hold. The wells are far less produc- 
tive than those of America, thongh the latter do not yield ozokerit. The petroleum obtained is 
distilled in the ordinary way, so as to afford a good burning-oil. 

Petroleum has been known in Roumania and Moldavia for at least 50 years, and was collected by 
the peasants ffir use as wagon-grease, and in medicine. It was first distilled to produce a lighting- 
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oil in 1857-8, and was sent into commerce both, by rail and by the Danube. The Boumanian 
petrolemn-field lies on the sonthem slopes of the Transylvanian Carpathians, from Kolibas toBimnik 
Sarat, the most important points being Kolibas, Baikoin, Pukoreti, Tintea, Dnftinesti, Sarate, and 
Bimnik Sarat. All these ooenr in the Miocene. The largest and deepest wells are in Sarate, and give 
some 3500 barrels yearly. The wells of Sarate, Kolibas, Pukureti, Dnftinesti, and Tintea, lie only 
10-18 kilom. from the Plojesti railway-station. Over an area of some 25 acres in Baikiou, the 
natives utilize the inflammable vapour escaping from the earth for cooking purposes. Petroleum 
is nsually struck at a depth of 250-550 ft. The sinking of the shafts and extraction of the oil are 
performed in the most primitive manner. The oil is of the denser character, its sp. gr. being 40°— 
48° B. It is refined at Sarate and Plojesti, affording about 40 per cent, of let quality lighting-oil, 
20 per cent, of 2nd, 22J per cent, of paraffin, and 17J per cent, of residue. The raw petroleum 
is largely sent to Vienna, Pest, and Odessa, and some refined to Constantinople. The quality from 
different wells varies widely. Thus while the raw material from Sarate gives 40 per cent, of 1st 
quality petroleum at 42° B., the Plojesti product gives 35 per cent, of Ist quality petroleum, and 
15 per cent, of benzine at 55° B. It is considered certain by Dr. Giutl that the whole Miocene 
formation of Boumania will be found to yield not only petroleum but ozokerit. 

The Moldavian petroleum-field occupies a triangular area of over ^ million acres, bordered by 
the rivers Trotus and Taslin. The principal localities are Moinesti, Salante, and Comonesti, lying 
25-30 kiUm. S.-W. of the railway-station of Bactlu. Trial holes have also been sunk at Slanicu, 
about 7 kilom. S. of Okna, but hitherto without much result. The geological formation is Eocene, 
and bears a general resemblance to that of Galicia. Jn Salante and Comonesti, the wells strike oil 
at 150-250 ft. ; in Moinesti they reach a depth of 400 ft. The whole operations are conducted in 
the rudest possible manner. The petroleum sells at the rate of about Id. per 2^ lb. on the spot. 
The oil is somewhat darker-coloured than the Galician. It is almost free from paraffin, and has the 
low freezing-point of — 20° ( - 4° F.), so that it is admirably adapted for street-lighting in winter. 
The sp. gr. of the raw petroleum is 1'307: of the distilled, 0‘742. Distillation is but little 
carried on in Moldavia ; there are some 10 distilleries in Salante and Moinesti, but the bulk 
is exported in the raw state to Boumania, Bukowina, and Galicia. The raw petroleum affords 
by distillation about 35i per cent, of 1st quality lighting-oil, 30J per cent, of 2ud quality, 17i 
per cent, of tar, and 16^ per cent of residue. The annual production is estimated by Dr. Gintl at 
4000 barrels from Moinesti and Comonesti, 2000 from Salante, and 1000 from various other spots. 
The import of Moldavian and Boumanian petroleum into Austria by the Lemberg-Jassy railway 
has risen from 500 barrels in 1870 to 2350 in 1876. 

Bussia possesses a large territory affording petroleum. This has been officially estimated at 
14,000 sq. miles, which is an obvious exaggeration. The present chief seats of the oil industry are 
Baku, at the S.-E. end of the Caucasian mountains ; Kertch, on the Konban river ; and the neigh- 
bourhood of Zarskia Kolodza, about the centre of the S.-W. slopes. The petroletun is found in the 
Tertiary beds overlying Miocene, the wells having a depth of 280-350 ft. The wells and their 
production in 1875 were : — Konban district, 42 wells, 230,500 poods (of 36 lb.); Tersk, 29 wells, 
22,160 poods; Dagestan, 11 wells, 6200 poods; Apsheron peninsula (Baku), 119 wells, 6,265,728 
poods; S. of Baku on the Caspian shores, 72 wells, 125,000 poods ; total, 273 wells, 6,649,588 poods, 
or 105,550 tons. The extent of the Caucasian petroleum deposits is quite an unknown figure, but 
the indications imply an immense area, and borings have been almost everywhere successful in 
reaching oil. The Mogan steppe and the country around Shemaka are alluded to in a recent 
consular report as offering unusual inducements to prospectors, especially as about ^“5 of the land is 
desert, utterly useless for agriculture, and purchasable at a low figure. At present everything is 
done in a most primitive manner ; but an American firm proposes laying a pipe from Baku and the 
Mogan steppe to the Black Sea. Great quantities of petroleum are now allowed to run to waste. 
A peculiarity of the Baku petroleum is its high sp. gr., as compared with American having the 
same boiling-point. It gives 10 per cent, more light than American, and is more readily drawn up 
the wick to the flame. The high sp. gr. is availed of by manufacturers of lubricating-oil, who send 
into European markets an oil of 0'940 sp. gr., without any extraneous addition. 

Petroleum-springs occur in Zante, one of the Ionian Islands ; probably large supplies might be 
obtained, if proper means were adopted. In Italy, traces of petroleum, at present unprofitable, are 
found at Monte Zolo, and Combe di Sassatello. Egyptian petroleum hasasp.gr.ofO' 953 ; it affords 
a fine lubricator, free from tarry matter, but is inferior as an illuminator. Of Indian localities, 
the most important is Independent Burma. Here petroleum is chiefly found near the village of 
Ye-nang-gy-oung, on the banks of the Ira wadi. Upwards of 100 wells exist, having a common 
depth of 210-240 ft., occasionally increasing to 300. The wells are square shafts, 3-4 ft. across, 
lined with timber. The oil issues spontaneously, in inexhaustible quantities, the annual yield 
exceeding 11,000 tons, much of which reaches England. Petroleum-wells occur also in the British 
Burmese districts of Akyab, Kyouk-hpyu, and Thayet-myo, many being worked very snccessfully 
by means of British capital. Oil has been worked in the neighbourhood of the coal-fields of 



1436 


MINEEAL OILS. 


S. liakhimpnr, in Assam. Two spots in the Bawal Pindi district of the Punjab afforded 2756 gal. 
in 1873-4. Formosa possesses large oU-gronnds, which are monopolized by the Chinese Govern- 
ment ; the oil is very slightly coloured, and of low sp. gr., and bums in lamps without being 
refined. Petroleum is assuming some importance as a Japanese product. It occurs principally in 
the provinces of Eehigo, Shinano, Uyo, and Totomi. Many hundred springs are met with in 
Echigo ; in individual spots, some 60-100 are at work. The borings vary.from 2 to 600 ft. in depth. 
At Kanadoza, the oil flows out on the actual surface of the ground, and costs nothing but collecting. 
About 90 per cent, is obtained by rectification. The yield is estimated at about 750 gal. daily. The 
oil is of two kinds : — (a) clear, containing 8 per cent, of light oil, 33 per cent, of buming-oil, 48 per 
cent, of heavy oil, and 12 per cent, of residue ; (6) dark, containing 9 per cent, of lamp-oil, 58J per 
cent, of heavy oil, and 325 per cent, of residue. In Shinano, the daily yield of some 40 wells is 
350 gal. of oil, mostly dark-coloured, and affording only 13 per cent, of burning oil. A refinery 
has been erected at Niigata, capable of turning out some 4000 gal. daily, and drawing its supplies 
firom Totomi province, a distance of 100 miles by water. 

It is convenient to note tliat all the petroleum found in the E. United States of America is 
contained in a belt parallel with, and considerably to the westward of, the Alleghany mountains- 
The Canadian oil regions are situated in the western part of the Dominion, in the counties of 
Lambton, Bothwell, and Kent, Ontario province. They extend from Lake Erie to Lake Huron, 
and from the St. Clair river eastward for about 70 miles. The most prominent points of produc- 
tion are Petrolia (Lambton county). Oil Springs (Bothwell county), and Bothwell (Kent 
county). The petroleum is here found in a flint-bearing limestone, varjring in construction, and 
largely composed of the marine shells and other fossils peculiar to the “ corniferous ” beds. The 
sp. gr. of the oil is 33°-43° B. (0 -863-0 •815 sp. gr.). The rock near Petrolia shows the following 
strata: — Yellow clay, 5-15 ft ; compact blue clay, 50-100 ft., resting on a thin crust of limestone, 
resembling stalagmite ; gravel, 2-8 ft. ; slate, 15 ft. ; corniferous limestone, 40 ft., giving surface 
wells ; slate, 30 ft. ; limestone, 40 ft. ; slate, 30 ft. ; corniferous limestone 250 ft., where all the oil 
is found; hard blue sandstone, 4 ft. ; and finally a vein of salt water, seemingly inexhaustible, as 
it has been penetrated for 500 ft. in several places, without sdelding a barrel of oil. The entire 
production of the Canadian oil region is about 2500 barrels a day. 

The Ohio and W. Virginia oil regions are confined to two definite belts of anticlinal geological 
disturbance, one extending from Newport (Ohio) northward through Washington and Morgan 
counties, and southward about 40 miles into W. Virginia, through Kitohie, Wood, and Wirt 
counties, and embracing the productive points of Horseneck, Sandhill, Volcano, White Oak, and 
Burning Springs ; and another sm-iller belt lying a few miles farther west. The minimum width 
of the belt is about 2J miles. The special features of this region are that oil is found in crevices 
at a certain fluid level, without the slightest regard to the character of the rock in which the 
crevices exist. Where a natural crevice is not reached by the drUl, a torpedo seldom fails to open 
connection with one. No surface-water is found in the wells, and often no salt water. At Volcano 
especially, the oil is pumped clear. It ranges in sp. gr. from 28° to 40° B. (0-889-0 -829 sp. gr.), 
and oils of all gravities are found, indiscriminately, even in wells side by side. A section of the strata 
in W. Virginia and Ohio is of no value as an indication of the oil level. The production of the 
whole region is about 500 barrels a day. 

Kentucky and Tennessee have afforded enormous quantities of oil from surface wells. A well 
on Crocus Creek, Cumberland county (KentuckyX at 191 ft., gave 300 barrels a day for a time ; and 
those on Boyd’s Creek, Barren county, those stretching from the Cumberland river throuo-h 
N.-W. Kentucky, and those in Overton county (Tennessee), indicate the probability of a large 
production if thoroughly developed. But the presence of sulphur in the oil, the remoteness from 
large consuming centres, the cost of transport, and the competition of the Peimsylvanian wells 
have conspired to check extended operations here. 

In Massachusetts, some wells have been sunk near Lee. 

The oil basin of Shoshone (Wyoming) covers an area of about 40 acres, within which, are many 
points whence gas and oil are continually issuing. The oQ is intensely black, and no means of de- 
colorizing it have yet been found. On distillation, it gives 47 per cent, of kerosene flashing at 65J° 
(150° F.), 32 per cent, of neutral and lighter-coloured lubricating-oil, and 12 per cent, of dry coke. 
The sp. gr. is 20° B. (0-935) ; flash-test, 145J° (294° F.), and fire-test, 161° (322° F.). The Beaver 
basin is situated some 25 miles due east. The oil here is much lighter-coloured, varying from pale- 
yellow to light-mahogany. It has proved to be a good lubricant, with no unpleasant odour. 
It is said that millions of tons of hardened petroleum are Ijring about the surfaces of these basins 

The Pennsylvania oil-region proper comprises the districts of Tidioute, West Hickory, New 
London, Colorado, Enterprise, Titusville, Shamburg, Pitholc, Petroleum Centre, Story Farm 
Bouseville, Oil City, Beno, Franklin, and East Sandy, besides the Lower oil-fields, and sundry 
outlying districts. ’ ^ 

In Tidioute, the first wells were sunk upon the banks and islands of the river, and yielded 
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qnantities of oU at 100-150 ft Subsequently the sand rock was found under the hills on each 
side, and the best wells were bored there. The rock brought to the surface in Warren county was 
an open, porous conglomerate of small pebbles and a cementing matter composed of alumina and 
silica, friable on exposure, and capable of holding much oil. A well on the island at Tidionte 
drilled to lUOO ft. showed no sand below 125 ft. The best wells at Tidioute and Triumph Hill 
have given 400 barrels a day, and the thickness of the sand bed is not fully known, as it has 
only been pierced for 50-60 ft. The wells on the hill-land of the Economy tract, opposite 
Tidioute, merit special examination ; their oil came from a region above the river level, a marked 
exception to all the experiences gained in the oil-region. 

In the West Hickory oil area, a small quantity of heavy oil of 27° B. (O' 895 sp. gr.), not 
exceeding 12-15 barrels per well, was obtained at a depth of 400 ft. When this ceased, a 3rd sand 
of 55 ft. was found at 750 ft., and very large quantities of oil have been drawn from a well of 400 
barrels maximum. 

The New London wells are not very large, but their production is steady and uniform. The 
thickness of the sand rock is 40-55 ft., at a depth of about 650 ft. 

Colorado wells have, in some cases, reached 150 barrels a day, and the sand rock is found on 
the flat, with a thickness of about 40 ft., and at an average depth of 525 ft. The area here is 
probably far from being yet determined. 

Enterprise has a few scattered wells, which have produced a small quantity of oil for a long 
time, from a sand rock 17-38 ft. thick, at a depth of about 450 ft. 

The Titusville oil districts are: — 1. The Watson, Guild, and Parker Flats, which gave much 
of the yield between 1859 and 1864. 2. The Drake Well, whose oil was found in a crevice, the 
well being subsequently drilled deeper, and tapping a 10-ft. sand at 150 ft., and a 65-ft. one at 
370 ft., but no 3rd sand was found at 480 ft, nor in adjoining wells at 550 ft. 3. Church Eun, 
where the sand rock does not seem to occupy quite the same geological horizon ns that on the 
flats ; the wells, whUe never exceeding 300 barrels, have produced largely and lastingly, the sand 
rock being 60-75 ft. thick, and found on the run at a depth of 480 ft. 4. In the Octave District, 
the wells are small but durable, and the area has not been fully defined: the sand rock is 
50-70 ft. thick, at a depth of about 875 ft. 5. Miller Farm afforded some oil in 1864 from shallow 
wells in the 1st sand, but the quantity was inconsiderable. 6. Pleasantville. 7. National 
Wells have struck the 3rd sand, about 15 ft. thick, at 745 ft. on the run ; the wells do not exceed 
30 barrels, but the production has been considerable. 7. West Pithole wells have found a 14-ft. 
sand at 730 ft. 

Shamburg, once a noted centre, is now nearly exhausted. The sand rock, on the run, is 
60-75 ft. thick, at a depth of 775 ft. Wliile the largest wells in this section did not reach 
500 barrels, probably no locality has contained so many good wells. A marked peculiarity of the 
great stretch of oil-rook, of which Shamburg forms a part, is the exislence of “ black ” and “ green ” 
oils, so called, side by side in the same territory, so that the surface line between the two classes of 
wells can be sharply defined. The following figures represent a minute sectiou of a well in this district : 
— At 38 ft., was met a soft slate rock ; 70 ft. 1st sand rock; 71 ft., water crevice; 91-112 ft., crevices ; 
130 ft., bottom of flue whitesaud rock 60 ft. thick; 132 ft., bluish-grey sand rock ; 152 ft., bottom of 
ditto ; 153 ft., slate rock, good drilling to 245 ft. ; 245-256 ft., hard dark slate and sand to 278 ft. ; 
278 ft., hard pebble sand crust 18 in. thick; 280-289 ft., hard grey sand and slate; 289 ft., 
2nd sand rock, hard pebbles, 1 1 ft. thick ; 300 ft., bluish sand and white pebbles 5 J ft. thick ; 
305i ft., grey and white shells for 29 J ft. ; 338-440 ft., blue sandy rock, mixed with slate ; 
420-480 ft., blue and red rock alternately ; 505 ft., hard blue rock crust, 15 ft. thick ; 520 ft., 
3rd sand, very hard, white and yellow pebbles, 10 ft. thick ; 530 ft., mud vein ; 545 ft., through 
3rd sand 25 ft. thick, two crevices, and gas very strong; 545-575 ft., blue saud and slate to 605 ft. ; 
608 ft., hard crust 2 ft. thick ; 610-636 ft., blue slate ; 636 ft., hard white saud mixed with 
pebbles, a hard crust 4-5 ft. thick; 640 ft., top of 4th s.and; 648-654 ft., hard pebble; 654 ft., 
large gas vein and show of oil ; 655 ft., bad mud vein ; 668 ft., through 4th sand, 28J ft. thick ; 
745 ft., hard crust of slate, 6 in. thick; 745-748 ft., hard slate; 748 ft., hard shell, yellow pebble, 
and good gas vein; 750 ft., slate rock; 768 ft., slate and hard shells; 776 ft., top of 5th sand ; 
776-8 ft., pebble rock, open and porous ; 778 ft., crevice, gas vein, and good show of oil ; 781 ft , 
rock darker ; 783 ft., dark rock, gassy ; 784 ft., rock porous ; 792 ft., white and yellow pebble, 
crevice, oil, and gas ; 794 ft., rock white, coarse, and porous ; 806 ft., mud vein ; 82^830 ft., white 
and yellow pebble ; 830 ft., hard, close, white sand ; 834 ft., slate and sand mixed ; 835 ft., bottom 
of welL 

The sand rock of Pithole, though unusually productive, had a small area in comparison with 
beds of more recent discovery. The Frazier and Grant wells flowed at the rate of 700 and 450 
barrels a day. The sand rock on the flats of Pithole creek is 14-20 ft. thick, and at 600 ft. The 
chief centres in this district are : — 1. Cash Up, though of small extent, was remarkable for its 
yield ; the 1st well when drilled deep gave 1100 barrels a day. 2. Bean Farm had small wells, but 
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proportionately lasting. 3. Bull Bun and Oow Bnn are underlaid with a highly prodnctive sand 
rock ; the famous Noble well here gave 2500 barrels a day. 

The Petroleum Centre oil claims overlie a fine bed of sand rock, 45 ft. thick, at 950 ft. 

At Story Farm, over 180 wells, producing nearly 1 million barrels of oil, were drilled within 
500 acres. The territory is now exhausted. The sand rock here is 40-45 ft. thick, at 480 ft. On 
the Blood, Rjmd, and Tarr farms, the sand rock is 38-58 ft. thick ; it has yielded enormously in 
former times, some of the wells giving 1000-4000 barrels a day. 

Bouseville wells have struck the 3rd sand, 27—42 ft. thick, at 550 ft. ; four wells on a single 
acre have given over 100,000 barrels of oil. The valley of Oil Creek, after producing over 
110 million dollars’ worth of oil firom an area of less than 3 sq. miles, obtained with extraordinary 
waste, is rapidly declining. 

At Oil City, along the creek and river-flats, fairly prodnctive wells have been found, the 
3rd sand being 20-55 ft. thick, at about 475 ft. 

At Beno, the sand rook was found on the Charley Bun at about 500 ft. On Sage Bun, the sand 
rock is 18-20 ft. thick, at 900-1000 ft., and the wells have yielded up to 300 barrels each daily. 

The wells of Franklin and Sugar Creek find their oil in the uppermost oil-producing sand rock 
on the great slope from the north-west. The rock is met with at a depth of 260 ft., beneath the 
flat ; it is geologically higher than that of Oil City, and 50-80 ft. thick. The sp. gr. of the oil ranges 
from 30° to 32° B. (O' 879-0 ‘868), the moat productive well giving 150 barrels a day. At Foster, 
the 3rd sand, 12-14 ft. thick, is struck at 610 ft. ; at Scrub Grass, it is 18-20 ft. thick, at 615 ft. 

East Sandy, the connecting link between the Upper and Lower oil-belts, comprises Gas City, 
where the sand rock was 60 ft. thick, at 850 ft. 

The great Lower oil-belt has alength of some 21 miles, beginning at Triangle City (Clarion 
county) and apparently terminating at St. Joe (Butler county). After leaving Earns City, it splits 
into two well-defined beds, known as Fast and West. The entire width of the belt does not 
exceed 3 miles, but the productive area is uninterrupted, instead of being in detached spots, as in 
the Upper belt. The sand rock dips so rapidly in one section that the wells are there drilled 
to 1600 ft. An idea of the relative position of the sand rock along the belt from the upper end 
southward may be gained from the following data ; — ^Turkey City, sand on flat, 20 ft., at 1150 ft. ; 
Ocean Level of Pump Station, Turkey City, at 1179 ft. ; St. Petersburgh, 26 ft., at 1241 ft. ; 
Blanchard and Siggins’ well, 26 ft., at 1063 ft ; Fddinger farm, 24 ft, at 1150 ft. ; Peter King 
farm, 23 ft, at 1000 ft; Casino well, 36 ft., at 1065 ft. ; Murray well, 30 ft., at 1027 ft. ; Bear 
Creek, 33 ft., at 1170 ft ; Earns City, at 1230 ft, the 3rd sand, 26 ft, at 1440 ft ., and 4th sand 
at 1535 ft; Modoc wells, 12-15 ft, at 1430 ft; William Moore farm, at 1560 ft; Armstrong 
Bnn, 3rd sand 7i ft , at 1263 ft. ; Millerstown, at 1550 ft. ; James M'Cready farm, at 1530 ft. 

Between the main belts of sand rock which are the great centres of production, are isolated 
localities, which have been more or less explored. The most prominent are: — 1. Near Lowell, 
heavy oil at 150 ft, and gas, but no oil, at 900 ft. 2. Slippery Bock Creek, many productive wells, 
some up to 50 barrels, but not lasting ; oil was hoivy. 3. Oil Spring Beservation, surface oil. 
4. Well at Limestone, at 1050 ft., gave much gas, and oil of 45° B. (O' 806 sp. gr.), at first about 5 
barrels a day. 5. Wells on Cow Bun, about 450 ft deep, on main belt of anticlinal in the Ohio 
region. 6. Wells on Duck Creek are part of same belt. 7. Utica, 7 barrels of heavy oil daily. 
8i Leechburg, a gas-well, 1200 ft. deep, supplying fuel to the manufactories. 9. Tarentum, where 
the salt-wells, 450 ft. deep, have always found more or less petroleum within 350 ft. of the surface ; 
some produce 8-10 barrels a day, the oil separating by the subsidence of the brine, and imparting 
no flavour. 10. Hosmer Bun, wells found much oil at 500 ft. 11. Edinburg, a 10-barrel well, at 
260 ft., heavy oil. 12. 13. Meadville, gas-well, 6-ft. sand, at 350 ft., no other sand at 1000 ft 

14. Stewart’s Bun, gas at 150 lb. pressure in 2nd sand, at 150 ft. ; 3rd sand not found at 825 ft. 

15. Cherry Bun, coal-seam, 75 ft. above creek-bed. 16. Erie, about 27 gas-wells, at 450-1200 ft, 
average 600 ft. ; one well, at 585 ft, small quantity of oil at 28° B. (0 • 889 sp. gr.). 17. Middlesex, 
small well of heavy oil. 18. Little Scrub Grass, 3rd sand at 1000 ft., and penetrated 30 ft 
19. Newell’s Bnn, one well 5 barrels, at 525 ft.; another 10 barrels, at 236 ft. 20. Kinzua 
Creek, coal-bed at 600-700 ft above the river, 4 ft cannel, 7 ft. fire-clay, and 4 ft. bituminous 
coal. 21. Cherry Grove, coal-seam. 22. Bradford, a little oil and gas in a few wells in the valley. 
23. Mecca, heavy oil, shallow wells, and limited yield. 24. BuUy Hill, 25-ft. sand rock, one well 
100 barrels. 25. Millerstown, coal at 240 ft. above the river. 26. Thorn Creek, a well that pro- 
duced largely for a short time. 27. Brown and Co.’s well, 8 barrels, at 660 ft 28. 29. Corry, gas- 
well, 950 ft deep. 30. 31. 32. Wilcox, heavy oil, at 1691 ft 33. North Rocks, conglomerate 
outcrop, 40-50 ft. thick. 34. Glean, 1st sand at 300 ft., 2nd at 450, 3rd at 780 ; last very thin, 
some oii much gas. 35. West Hickory, heavy oil, small wells. 36. Smith’s Ferry, oil 27°-33° B. 
(0-895-0'863 sp. gr.); product of wells, 25-90 barrels a week. 37. Winter’s Farm, a good sand 
at 600 ft, 56 ft thick, drilled 1670 ft without finding oil, torpedoed at 600 ft., and small yield 
obtained. 38. Gas-well 3 miles N.-E. of East Sandy, a good sand rock of 42 ft., much gas, no 
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oU. 39. Gas-well half-way between Gas City and Lineville. 40. Hiram Heath farm, trace of oil. 
41. The Newton gas-well, 786 ft. to 3rd sand ; gas production, 4 million cubic feet a day. 42. Octave 
District, sand rock 50 ft. thick, weUs 890 ft. deep. 43. The Drake well, found oil in surface sand 
at 71 ft., subsequently drilled to 480 ft., but never afterwards produced much. 44. Walbridge 
Farm, sand rock 25 ft. thick; one well 5 barrels a day of oil at 42° B. (0-819 sp. gr.), at 750 ft. 
45. Johnson Farm, 8 barrels a day, at 930 ft 46. Cowanshannock well, no oil, much gas. 
47. Fredonia, gas-well. 48. Niles, gas-wells. 49. Painesville, gas-well, 40 ft. drift clay and 
gravel, 648 ft. Erie shales and soapstone, 12 ft. Huron shale, very black and bituminous, with 
strong smell of oil, 720 ft. total depth. 50. Eock City, fine exposure of conglomerate. 51. Blyson’s 
Bun, small show of oil. 52. Little Whitely Creek, 150 ft. deep. 53. Panama, exposure of con- 
glomerate. 54. Howeville, gas-well. 55. White Oak, oil at 80-380 ft., 26°-28° B. (0-901-0-889 
sp. gr.); the same gravity oil found in one well at 300 ft., and another at 600. 56. Sugar Creek, 

salt spring ; well sunk to 300 ft. struck oil, which mixed with the brine, and rendered it valueless. 
57. Groce Farm, small well 700 ft. deep. 58. 59. 60. Sage Eun, hill wells 800-1000 ft. deep, 
sand rock 60 ft. thick. 61. Dunkard's Creek wells. 62. Panama, at 550 ft., 6 ft. in 2nd sand ; 
surface sand 75 ft. thick, at 344 ft.,- 1st sand 30 ft., at 461 ft. 63. Jamison Farm, sand 13 ft. thick, 
well 240 ft. deep, small yield of oil of 48° B. (0-792 sp. gr.) ; well drilled to 550 ft., but no more 
sand found. 64. 65. Kinzua Creek, 5 or 6 wells. 

While the precise location of the horizon at which the Pennsylvanian oil is found can only be 
determined by an examination of its entire area, a few deductions from such prominent facts as are 
not likely to be seriously aflfected by future work will be of value in conveying some idea of the 
nature of the search required. It is particularly desirable to obtain an accurate impression of 
the relative size and location upon the surface of such areas as outline the oil-bearing rocks below. 
It will be observed that these spots are isolated and disconnected, and, with the exception of the 
stretch of the great Lower oil-fields, do not comprise any continuous belt. To present this more 
clearly, it may be stated that, out of 3115 sq. miles of land in Pennsylvania, embracing everything 
which, by general acceptance, can be denominated as the oil-region, only 39J sq. miles have 
actually produced oil ; that is to say, all the territory that now is or has been producing could be 
contained in an area of 25,000 acres. 

Whether the component materials or the great body of this oil exist in the sand rock where it 
is found, or at a depth beyond the present reach of the drill, is not a question of direct importance. 
What is being sought for is the location of the vent-holes by which this oil reaches within drilling 
distance of the surface of the earth, whether such vent-hole consists of an open sand rock or sponge 
as in Pennsylvania, or of an anticlinal or system of broken rocks as in W. Virginia. From the fact 
that coal and similar minerals are mined in continuous beds, stretching often over counties and 
states, it would be natural to suppose that the sand rocks cf the separate oil districts are connected 
in the same way. The extent of the beds of the upper sand rocks, near the surface of the earth, 
is so much greater than that of the oil-bearing rock, that the proposition is substantially true so 
far as they are concerned, with the exception that they are not found at a positively uniform 
horizon, but overlap and underlie each other at the edges. 

A well drilled anywhere in the region will find a 1st sand ; and sometimes a 2nd, and invariably 
some “ mountain sands,” as they are called, are found even above these. Oil has been found in 
small quantities in the 1st and 2nd sand rocks, in detached spots, and from the earliest wells, but 
the bulk of the product has been obtained ftom the 3rd sand. From the means within reach at 
present for defining the position of this rock, there is every reason to believe that it is situated 
approximately throughout the region under consideration on the same geological horizon. 

The productive ground in the Pennsylvania region is an area overlying, at 500-1500 ft., a 
bed of porous conglomerate, 3-75 ft. thick, the thickest part of the rock giving the best well, and 
this thickest part being generally found in the centre of the area, the rock tapering off at the 
edges. 

When a weU is drilled in an untried locality, and the 3rd sand rock is found of any thickness, 
whether with much or little oil, this well is followed by others situated in different directions from 
it, until the thickest part of the sand rock is discovered, and a good well is the result ,- and it is not 
long before the edge, where the rock thins out, can be mapped on the surface of the ground above 
it. There is, therefore, within reach of the drill, no continuous bed of oil-bearing sand rock, but a 
series of scattered disc-shaped deposits. These separate and detached beds of 3rd sand rock are 
lens-shaped, being thin at the edges, as before stated. 

The use of the term “ oil-belt,” has led to some misconception ; lines which were run across the 
surface of the country for many miles, in courses varying from N. 14° E. to N. 2^ E., have been 
found to intersect the surface directly over these producing beds of 3rd sand, but in separate places, 
and widely apart. The value of this discovery is doubtless confined to the extent of the conformity 
of these lines with the general course of the current which transported the material to form the 
deposit. 
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It would seem that all the oil rocks of the region, even if they be disconnected and scattered 
throngh the strata at irregular distances, lie at about the same general geological horizon. 

The lowest sand rock as yet reported by any oil driller is in Jonathan Wahon’s deep well, 
which was drilled on the flat, in the City of Titusville, at a point 1195 ft. above sea-level, and in 
which a sand 20 ft. thick and containing gome green oil, was said to have been passed through at 
a depth of 1976 ft. This sand was described as a white pebble conglomerate, similar in every 
respect to the ordinary 3rd sand. The next is the reported 3rd sand of Watson's well at a depth of 
1507 ft. from the surfece. The lowest 3rd sand of the oil-region proper is found at Tidioute, at a 
depth of 140 ft. below the first bench on the river, but not at a corresponding depth under the hiUs 
on either side. The sand rook there, if it be the same, is considerably higher ; but when penetrated, 
in the hopes of finding the river-sand, only “knocked the bottom out of the well.'’ No small 
amount of oil has been produced from a 1st sand at Tidioute, found on the river at a depth of less 
than 100 ft. On the river-bank of the Economy tract, a well struck in a crevice at 99J ft, in 1861, 
produced oil steadily for 8 years ; and 4 other producing wells in the vicinity were not over 150 ft. 
in depth. From Enterprise and Titusville to Oil City, the 3rd sand, which is found at an average 
depth of 450 ft, follows nearly the fall of the water-shed, being found at OU City at a depth of 
475 ft., and along Oil Creek almost uniformly between these points. At Petroleum Centre, there 
appears to be a similar deviation ; also at Church Sun, near Titusville. Surface oil has, likewise, 
been found in the 1st and 2nd sand rocks on Oil Creek. The Drake well found the sand at 71 ft., 
and produced for some time 25 barrels a day. Some wells at Miller farm also found oil for a short 
time at 225 ft., in what was probably a split 1st sand. 

The fail of the sand rock progresses uniformly through intervening sections to Scrub Grass, on 
the Allegheny river. Here, it is found, that whUe the oil-bearing sands on Beaver creek are also 
apparently uniform in general horizon with the dip or fall north of them, yet from this point south- 
ward along the belt, the dip is so much more rapid, that without the fortunate coincidence of the 
lowest line of water-shed being with the direction of the development, the wells would, before this, 
have attained a very undesirable depth. 

The explanation of the phenomenon of a 4th sand, as it is called, which is found on the cross-belt 
from Armstrong Bun -to Greece City, and its precise geological location, requires the closest 
research. Whether it is a separate sand rock deposited by a cross-current on a lower horizon, or 
whether it is only a divided 3rd sand, is yet a matter of question. The formation immediately 
above it is almost identical with that above the 3rd sand of the grand belt. A thin hard shell 
which caps it is found in a similar position at Millerstown. The levels taken so far seem to 
indicate that it occupies the same position as the 3rd sand. The 4th sand at Earns City is 25 ft. 
thick, of a red and yellow colour, and lies about 70 ft. below that known as the 3rd sand. 

America is at this moment supplying almost all the world’s needs of petroleum. But it is pro- 
ducing in reckless haste, at a positive loss to tbe community at large, and regardless of all conse- 
quences save the present bountiful supply. Considering tbe short life of the best territory that has 
Wn found, and the relative smaUness of the productive area in proportion to the entire region, it is 
a serious question, eveu in the face of the enormous output of to-day, whether the United States 
will continue to supply petroleum to the next generation. The total exports of petroleum from 
the United States in 1879 were 25,874,000 gal. crude, and 349,128,000 gal. refined. 

Theexportsof refined from New York (in gallons) in the years 1878 and 1879 respectively were thus 
distributed ; — Great Britain, 29,918,226 and 47,186,757 ; Germany, 48,374,179 and 64,130,182 ; Nor- 
way and Sweden, 3,928,374 and 5,480,157 ; Knssia, 1,811,288 and 2,670,900 ; Denmark, 5,886,528 and 
5,809,642; Belgium, 11,251,387 and 16,156,629; Holland, 8,623,656 and 11,010,971 ; Spain, 6,783,785 
and 7,693,336; Portugal, 1,356,800 and 1,973,427 ; Gibraltar and Malta, 2,480,342 and 1,857,396 ; 
Italy, 3,018,291 and 2,449,128 ; Austria, 5,807,423 and 9,989,863 ; Greece, 1,594,220 and 1.513'650; 
Turkey in Europe, 4,537,276 and 3,605,440 ; Turkey in Asia, 2,922,550 and 1,404,660 ; India, nil 
and 8,502,080 ; China, Japan, Ac.. 24,615,545 and 18,803,770; E. Indies, 8,861,345 and 23,688,516 ; 
Egypt. 1,555,666 and 3,749,843; Canary Islands, 109,033 and 82,976; other AfricLn tKjrtsl 
1,719,518 and 2,359,170 ; Australia, 2,476,982 and ^277,346; New Zealand, 811,993 and 352,260 • 
Sandwich Islands, 32,000 and 45,850; Brazil, 3,497,578 and 4,220,973; Argentine Bepublicl 
1,632,985 and 1,742,857; Chili and Peru, 1,062,115 and 936,872; Colombia (New Granada), 2640 
and 38,060 ; Venezuela, 421,182 and 527,152 ; other S. American ports, 33,500 and 26,100 ; Central 
America. 164,718 and 216,008; Mexico, 546,921 and 850,583; British N. America, 312,329 and 
237,645; Cuba, 2,144,292 and 735,942; British W. Indies and Guiana, 1,227,602 and 1 388 057- 
other W. Indies, 804,058 and 987,118 ; totals, 190,406,227 and 254,701,316 gal. ’ 

In addition, the exports of crude oil in the same years were : — France, 12 900 049 and 
17,931,418 : Antwerp, 170,320 and 140,506 ; Bremen, 1,102,060 and 2,133,847 ; Norway and Sweden, 
46,324 and nil ; Spain, 113,000 and 1,873,167 ; Cuba, 344,786 and 1,680,800 ; totals, 14,576,539 and 
23,759,738 gab The naphtha exports were Great Britain, 4,871,170 and 7,674,523 ; France, 
2,732.418 and 4,864,165; Germany, 712,531 and 1,110,776; other Europe, 1,314,756 and 1,800,010; 
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varioDS ports, 109,926 and 81,567; totals, 9,740,791 and 15,531,041 gal. And the shipments of 
lesidae to all ports were 3,006,694 and 4,OT0,854 gal. 

Philadelphia ranks second in importance for the shipment of petroleum. The exports thence of 
refined in 1879 (in gallons) were : — Austria, 6,552,054; Belgium, 14,241,302 ; Brazil, 87,501 ; Den- 
mark, 1,491,304 ; French W. Indies, 2000; Germany, 27,623,838 ; England, 1,874,056; Gibraltar, 
1,561,591; British W. Indies, 12,456 ; other British possessions, 116,000; Italy, 17,143,725; Japan, 
1,855,200; Netherlands, 8,079,697 ; Portugal, 688,771 ; Spain, 122,544; Cuba, 27,557; Porto Rico, 
5000 ; Norway, 267,332 ; Sweden, 461,633 ; Turkey in Europe, 100,000 ; Egypt, 56,530 ; Colombia 
(New Granada), 52 ; Venezuela, 18 ; total, 82,370,211 gal. The exports of crude were : — France, 
2,666,665; Germany, 368,600; Spain, 179,481 ; Cuba, 1500 ; Sweden, 25,257; total, 3,241,503 gal. 
And of naphtha and benzine : — France, 1,617,451; Germany, 243,853 ; England, 773,866 ; Sweden, 
114,857; total, 2,750,027 gal. 

The total shipments from Baltimore, the only other centre of importance, were : — 44,874,861 gal. 
in 1877, 37,712,900 in 1878, 23,322,482 in 1879, and only 14,780,980 in 1880. 

Of the W. Indian Islands, Trinidad, Cuba, and Barbadoes are known to possess petroleum- 
deposits, but they have been turned to little account; Barbadoes exported 24241. worth in 1877, 
and 1437/. in 1878. Venezuela produces large quantities of rich bitumen fit for distilling, and 
minor contributions of petroleum; a remarkable outburst of petroleum occurs between the Rio 
Taia and Zulia, one hole out of many giving 240 gal. an hour. In the neighbouring republic of 
Colombia (New Granada), petroleum is met with between Escuque and Bettijoque. Peru has 
afforded petroleum from time immemorial. The Argentine Republic has recently commenced to 
develop its resources in petroleum at Laguna de Labrea, in Jujuy, where numerous springs exist. 
In S. Australia, a remarkable petroleum district has just been opened out on the banks of the Coorong, 
about 6 miles north of Salt Creek. A number of Australian capitalists have begun to work the 
petroleum-springs in the Poverty Bay district of Auckland, New Zealand, and other springs are 
known of on the same coast. 

There are three principal localities, each producing a distinct kind of oil : — (1) The Sugar 
Loaves, in Taranaki province ; (2) Poverty Bay, on the E. coast of the province of Auckland ; 
(3) Mauntahi, Waiapu, East Cape. The oil from the first has a very high sp. gr., 0" 960-0 '964 at 
15i° (60° F.). It has thus too much carbon in its composition for its commercial success as an 
illuminating-oil, but is capable of producing a valuable lubricating-oil. It resembles oil occurring 
in Santa Barbara county, California. The second kind, from Waiapu, Poverty Bay, is a true 
paraffin-oil, resembling the Canadian oil. By three successive distillations, and treatment with 
acids and alkalies, about 65 per cent, of a good illuminating-oil is obtainable, with a sp. gr. of 
O' 843. The third produces a pale-brown oil, nearly or quite transparent, of sp. gr. 0-829 at 15 J° 
(60° F.), bums well, contains only traces of paraffin, and produces 84 per cent, of an illuminating- 
oil, fit for kerosene-lamps, by a single distillation ; by two more distillations, 66 per cent, of the 
crude oil has a sp. gr. of 0'811, which is that of common kerosene. At Sugar Loaf Point, 
Taranaki, the petroleum oozes from cracks in trachyte breccia. Wells have been bored to the 
depth of many hundred feet, but no steady supply of oil has been obtained. Crude oil has a 
sp. gr. of 0'962 at 15J° (60° F.), and yields, by fractional distillation, oils having the following 
gravities: — 2 per cent, of oil of sp. gr. 0-874, 10 per cent at 0-893, 8 per cent, at 0-917, 60 per 
cent, at 0 • 941 : or a total of 80 per cent, distilled off, with 6-1 per cent, solid bitumen, 12-4 per 
cent, fixed carbon, and 1 ' 5 per cent. ash. 

The following is an analysis of the petroleum found at Waipawa River, Poverty Bay, Auckland : 
— 2 per cent, of oil of sp. gr. 0-809 (colourless), 16-0 per cent, at 0-826 (nearly colourless), 16-0 
percent, at 0 - 836 (pale-yellow), 19-0 per cent, at 0-850 (dark-yellow), 11-0 per cent, at 0-850 
(brown, [solid at 4J° (40° F.)]), 8 0 per cent, at 0-864, 21-25 per cent, paraffin-oil; or a total of 
93-75 per cent, distilled off, and 6-25 per cent of residue in the retort (pitch). 

At Waiapu, East Coast, Auckland province, the crude oil has a sp. gr. of 0-872 at 14 
(58° F.); boiling-point, 143° (290° F.); flashing-point 110° (230° F.); a sample with a sp. gr. of 
0-829 gives 40 0 per cent, of oil of sp. gr. 0-800 (colourless), 33-0 per cent, at 0'826 (pale- 
coloured), 12'5 per cent at 0'840, 6'25 per cent, at 0'860, and 4-25 per cent, at 0 870; or a total 
of 96-00 per cent, distilled off, and 4-00 per cent of residue in the retort. Another analyis 
yielded 12-20 per cent of sp. gr. 0'820 (fine lamp-oil), 37 '75 per cent at 0-853 (inferior lamp-oil), 
26-69 per cent, of lubricating-oil, 16 '00 per cent, of parafiSn ; or a total of 90-64 per cent, distilled 
off, and 9 '36 per cent, bituminous residue. 

Boring and Pumping Oil-wells. — Ready-formed outlets for petroleum are rarely found, and usually 
the earth has to be bored for a considerable depth to reach the productive level, and the oil then 
generally requires to be pumped out. This branch of the subject divides itself into four principal 
heads — the “ rig,” the well, drilling-tools, and pumps. 

The Rig. — The rig is composed of a derrick, band-wheel, bull-wheel, sand-pump reel, sampson- 
post, walking- beam, and engine-house. The present derrick is built “balloon-frame,” 16-20 ft. sq. 

4 z 
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at the base, and 60-72 ft. high, resting on hewn oak sills 12 by 18 in., ftamed and pinned at the 
comers ; the four comer-posts are of pine plank 10 by 2 in., spiked together at right angles, and 
connected with cross-ties and diagonal braces of 8 by IJ in. ; the top holds the nsnal cast-iron 
derrick-pulley, and a ladder to reach it is constmcted upon one side. 

The bull-wheel now in use has four main arms of oak, 8 by 2§ in., passing clear through the 
shaft, and locked and keyed ; the false arms between, 6 by 2 in., wedge upon each at the shaft, and 
are firmly held by the three thicknesses of pine boards forming the outer rim. 

The total length of oak shaft is lOJ-12 ft., its diameter 13 in., its length between wheels 6-7 ft., 
diameter of wheels 6^-7 ft., and bearing-pin on ends 2i by 4 in. 

The brake is a simple iron strap applied under the bnll-wheel ; a wooden pawl is made to fall 
&om above, against the arms, as a permanent stop, when desired. 

The band-wheel is built of ineh pine lumber, surfaced to a uniform thickness, the present 
diameter being about 7 ft. ; the rope-pulley on one side is 5 ft., and the face of the wheel 9 in. The 
grooves of the rope-pulleys on both band- and bull-wheels are made of hard wood, and, to ensure a 
perfect outer circle, the edges are turned off after the wheels are firmly mounted on the shaft and 
revolved on temporary bearings. 

The sand-pump reel has always been the moat awkward part of a well-rig ; acting as a friction- 
pulley against the band-wheel with the bevelled face necessitated by the different angle of the shaft, 
its tendency was to self-destraction, even when moat carefully and securely fitted up. A solid wheel 
of hard wood with wooden keys is sometimes used ; also a piece of casing as a shaft, with a cast- 
iron pulley keyed upon it. The best reel is an oak shaft, about 8 ft. in length, 8 in. in diameter, 
with arms of the wheel passing through the shaft and enclosed with an iron rim. 

The sampson-post and walking-beam have gradually increased in size, until the one is a post 
20 in. sq., and the other 24-26 ft. in length, with a section at the centre of 30 by 18 in. The great 
weight of the walking-beam has, perhaps, some of the effect of a fly-wheel, where a fly-wheel never- 
theless is not found to be a practical success. The utmost care is needed in making the foundation 
of the sampson-post and band-wheel frame perfectly solid and substantial; two long hewn sills for 
the latter, not less than 12 by 20 in. in section, pass clear under the derrick-slUs ; the jack-posts, 
cap, and braces of the band-wheel frame, being of pine 10 by 12 in., the cap bolted through to the sill. 

The Well. — Col. Drake’s invention of the driving-pipe affords the best means of passing through 
soft overlying earth to the rock. The pipe used at present is 8 in. in diameter, of 1-in. cast-iron, 
driven down into the earth in sections of 8 ft. in length, connected with wrought-iron bands, heated 
and shrunk on. Putting down a thin iron pipe of 6 in. diameter below the lowest fresh-water vein, 
and retaining the surface-water by a water-packer between the outside of the pipe aud the wall of 
the well, enables the driller to proceed without annoyance from this source, and, when the weU is 
completed, to take his tubing out of the well at pleasure, still keeping the water permanently 
from the oil-bearing rock. In fact, the entire operation of drilling and pumping is carried on 
through the casing, and not until a well is finally abandoned is the casing withdrawn. 

The modern water-packer is a great improvement on the bag of flaxseed formerly used ; the 
weight of the column of water presses the leather against the sides of the well, forming an effectual 
stopper. By means of a left-handed thread, it can be loosened in a few minutes, and drawn out of 
the well without difficulty. 


Drilling-Tools.— A set of drilling-tools, as used to-day, weighs 1800-2600 lb., and costs about 
70/. It consists of a temper-screw, rope-socket, auger-stem, sinker-bar and substitute, the jars, two 
bitts, a round reamer, a flat reamer, and two wrenches. The temper-screw varies little from that 
in former use, except in size, the present length being about H ft. The auger-stem, sinker-bar, and 
substitute are respectively 24, 14, aud 5 ft. in length, the last being used in starting a well. They 
are made in the body, of common round iron (2i-3 in.), with boxes and pins of Norway iron Pins 
are 2| in. in length, 2f in. in diameter, 8 threads to the in., and with the least possible taper to 
prevent being loosened by the constant jar, which also has a tendency to crystallize the iron in the 
pins and boxes, making it necessary to renew them at intervals. 

The jars are made entirely of Norw.ay iron 2 in. sq., with the exception of the inner faces and 
ends of the slotted openings, which are Uned with steel, the whole being heated red-hot and care- 
fnlly annealed, to effect a thorough union of the metals. The stroke of the jars has been reduced 
to 12 in. and their total length is about 6 ft. 

The bitts are made of Norway iron, with 40 lb. of steel on the point, which is drawn to a width 
of 5} in., more or less, according to the size of the well. The flat and round reamers are made also 
of Norway iron, with more steel on the point. 

There are also various extra tools for different purposes. 

^ enlarging the well 

around a stuck tool, is simply half a hollow reamer ; a slip-socket is to drop over the head of a tool 

that is fast, with dogs or teeth to fall out and catch under the collar; a horn-socket or tanerinff 
iron tube, is to drive and wedge upon the head of any fastened iron. All these, with many o^erf 
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often especially devised and constructed for the purpose, are required at various times in sinking a 
welL The cable used is 6-in. untarred manilla rope. 

The sand pump has two improvements : (IX the valve with a drop-stem to open it on reaching 
the bottom of the well ; and (2) the piston which keeps its place at the bottom of the pump while 
being lowered, but when drawn up, fills the pump by its suction with the loose debris and water. 

Pumps. The main improvements under this head are included in the two items of sucker-rods 

and valves. The old style of sucker-rods with fish-tail ends has passed out of use, the rivets con- 
stantly becoming loose and dropping into the working barrel having given great annoyance. To 
remedy this, the joint is made without any rivets ; the wood is driven into a metallic socket and 
widened at the end with a wedge, an intermediate piece of small tubing making a screw connection 
between the two sockets. 

The valves in use are a plain standing valve at the bottom of the working barrel, and a 3- or 4- 
cnp valve, or a water-packer of some kind ; special valves are made for gas when it predominates 
largely in a well, and to meet the several conditions which occur. The body of the sucker-rod is 
made of the best upland ash, li in. in diameter, and 24-28 ft. long. 

Transportatim. — The first producing wells being foxmd upon the flat land of Oil creek and the 
Alleghany river, the removal of the product was not a matter of great difliculty, as flat-boats con- 
veyed the oil down stream to the nearest railroad. The railroads gradually extended their 
branch^ along the valleys of the region, but the oil produced from inlying valleys or remote spots 
had to be conveyed in barrels by teams, often a distance of 10-12 miles, and at great cost 

To remedy this, recourse was had to conveyance in pipes, and a 4-in. cast-iron pipe with leaded 
joints was laid in 1861 from Titusville, four miles down the creek. Owing to imperfect construc- 
tion, it was a failure, and all projects of the kind were abandoned until 1865, when Samuel Van- 
ayckle conceived the extension of the tubing of the well, as it were, to the station desired, and laid 
the first line of 2-ln. tubing six miles in length, from Pit-hole to Miller farm. The success of this 
line caused the matter to be taken up by others, and the length of lines in the Pennsylvanian oil- 
region now reaches an aggregate of nearly 2000 miles, and 15 separate companies are engaged in 
the transportation of oil by pipe from the wells to the railroad. 

Tile tubing in common use for well and shipping purposes is made of wrought-iron plates, of 
No. 6 or 7 wire gauge, heated in a furnace, and closed around a cold iron core ; the joint in the lap- 
weld tubing is formed by passing it, while hot and soft, through a series of rollers, which first turn 
up the edges, and then press or weld them down upon each other. In butt-weld tubing, the edges 
are simply heated to a white heat, and then rolled together. Tubing for oil purposes must stand a 
test of 1200 lb. a sq. in. of internal pressure, a strength which is attained only by lap-weld. 

In a pump for a pipe-line, the essential elements are a long stroke, a small oil-cylinder, and a 
large steam-cylinder. The air-chamber also must be proportioned to the work of the line, for the 
capacity of the pump is substantially the capacity of the line. There should be no obstruction in 
the line, especially at the point of delivery; a simple bend of the pipe at the receiving-tank will 
add many lb. pressure to the pump. All stop-cocto and connections should be free-way stop-cocks. 

The experience acquired in the construction and management of pipe-lines in the oil region has 
shown the comparative economic value of this method of transportation. The adoption of this 
method is based upon the quantity of the fluid to be carried being ample and correspondingly 
cheap. To arrive at an estimate of the relative values of railroad and pipe-line transportation, it 
is necessary, in the computation of the working capacity and required force of a pipe-line, to note 
that 75-80 per cent, of the pumping force required by a pipe-line is necessary to overcome the 
friction dependent on the velocity of flow. Also, that in building a line, if the pipe were made 
very heavy, one pump would force it a long distance, and save the cost of labour and fuel 
attendant on intermediate stations ; but that, if there were a great many intermediate stations, the 
pipe could be made very light, and the expense of construction be greatly reduced, the cost of fuel 
and labour being proportionately increased. The mean length of line which can be operated to 
advantage by one pump, with the lines at present in use, is about 15 miles; with care “in the 
construction of the line, it could be extended to 20 miles. 

In the construction of ordinary lines, which are of equal thickness for their entire length, there 
is just twice the amount of iron used that is actually required. The area of internal section of a 
3-in. pipe is 7'06858344 sq. in. ; contents of line (20 milesX 105,600 ft., 38,776 gal., or 901 barrels ; 
to deliver 3600 barrels a day would require a velocity of flow of 5 ft. a second. Weisbach’s formula 
to ascertain the head required to overcome friction, is as follows ; — 

A’ = head required in feet. 

V = velocity in feet per second. 

I = length of the line in feet 
d = diameter of the pipe in inches. 
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This formula applied would be 

/ , •01746\ 105600 25 „ 

^•Om + -^)x _ X ^ = 2473-9 

In praciioe, this is found to be, for these long pipes, about 25 per cent, in excess, where the 
route is carefully selected, and the line is properly laid. As these lines follow vertically the contour 
of the ground in a hilly country, this is somewhat remarkable, especially when it is considered that 
no account is taken of any increased friction for the rise of the line in many places above the 
hydraulic mean gradient, from the highest point to be overcome to the point of delivery. 


If the line be enlarged at every five miles, 

5 miles of 3-in. pipe will require a friction-head of 618-5 ft. 

5 „ 3J „ ,, „ ...... 5/0-9,, 

5 31 „ „ „ 530-0,, 

3 „ 4 „ „ „ 464 - 0 „ 


Total • 2183-4 ft. 

Being a saving in head of nearly 300 ft. 

An equivalent to this gain may be obtained by a reduction of the diameter of the pipe at the 
pump, or by an increased velocity, thus : — 


Velocity. 

Friction-Head. 

Contents of 
Section. 

1 


ft. 

bbls. 

1 5 miles 2}>in. 

5 ft. 9 in. a sec. 

674-9 

187 

15 „ 3 „ 

5 „ 0 „ „ 

618-5 

225-2 

15 „ 3J „ 

^ 2 Jl »> 

570-9 

264-5 

^ »» W 

3 „ 6 „ „ 

530-0 

306-8 



2394-3 

983-5 


Beiug still less than the friction-head required for a continuous 3-in. pipe. 

It will also be found that the reduced line contains 983-5 barrels instead of 901 ; and since the 
element of friction represents the greatest resistance to be overcome, the enlargement will cause a 
constant reduction of velocity, and therefore of friction. 

In 20 miles of straight pipe there will probably be elevations to overcome. Assuming 400 ft. as 
an extreme, and adding it to the head required, the total head will be : — 



Head Required. 

Pressure on 
sq. In. 

At the pump, 2J-in. pipe 

ft. 

lb. 

2794-3 

1212 

Beginning of second 5 mUes, 3-in. pipe 

2119-3 

919 

„ third 5 „ 3i „ 

1500-9 

651 

„ fourth 5 „ 3| „ 

930-0 

403 


The head of 400 ft. is carried through all the sections, in the absence of given levels of any 
actual line ; otherwise the heads and pressures for the last two or three sections would be very 
much reduced. 


Weisbach’s formula was based upon the results obtained with water: by mnltinlviuff the 



Pre^re on 
sq. in. 

Thickness of Metal 
in Pipe. 

Weight of Pipe 
per ft. 


lb. 

in. 

lb 

1st section 

969 

0-167 

6-709 

2nd 

735 

0-138 

5-537 

3rd „ 

521 

0-093 

3-799 

4th 

322 

0-071 

2-910 


76,824 lb. ; total, 500,437 lb. 


The weight of the line, if made of the ordinary 2-in. tubing in the usual manner would be 
387,235 lb. ; and its capacity for delivery would be but 1000 barrels a day, against 3600 L the line 
described. The work of the line would equal 366,291,200 gal. raised 1 ft. high in 24 hours, 
requiring for its exertion a horse-power of 77 for water, and 62 for oil. 
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From these data, the following estimate of the cost of a 20-mile pipe may be made : — 

500,437 lb. iron @ 9 cents, delivered on ground $45,039 33 

10,000 lb. fittings @ 20 cents 2,000 00 

Laying pipe in trench 2 ft. deep, 6400 rods @ 60 cents .. .. 3,840 00 

70 h.-p. boiler, pump and station, complete 10,000 00 

Telegraph line 2 , 000 00 

1000-barrel tank, iron 1,000 00 

Sundries 1 , 120 66 


(£13,000) $65,000 00 


To move this 3600 barrels of oil a day would require the direct services of four men ; two 
engineers relieve each other at the pump every 12 hours, one man receives the oil from the wells 
and keeps the gauges, and one man receives and ships the oil at the railway-station. 

The cost of an engine and train of 36 tank-cars, which would be required to carry 3600 barrels 
of oU, would exceed the coat of the entire pipe-line, exclusive of any estimate of the cost of the 
roadway, which is about ten times the cost per mile. 

With an ample supply of the fluid, and the required number of 20-mile sections, the estimate 
made would cover any distance required. 

Storing . — The storage of petroleum in bulk is generally effected in huge tanks made of boiler- 
plate, varying in capacity from 8000 to 25,000 barrels (of 42 gal.). The top is more usually of 
wood than of iron. Wooden tops are often recessed so as to hold a body of water, or are covered 
with earth. Tops are always provided with man-holes, giving entrance to the tank for cleaning 
and repairs. The supply-pipe, which may conduct the oil from wells many miles distant, feeds at 
the top of the tank, near the man-hole ; and draw-off taps are fixed at about 1 in. above the 
bottom. A distance of at least 200 ft. should separate tanks, in case of fire. 

This system has proved quite ineffectuai in preventing the ignition of stored petroleum by 
lightning, and in confining the fire when once it has broken out. Belying upon the fact that 
petroleum will not ignite unless it is vaporized, 

E. A. L. Koberts, of Titusville, Pennsylvania, has 
devised a lightning-proof tank, as shown in Fig. 1021 : 
a, oil-space; 6, diaphragm ; c, balance-pipe ; d, filling 
and emptying ^il-pipe ; «, inlet and overflow water- 
pipe ; /, vent-pipe ; g, water layer above the oil ; A, 
water layer beneath the oil. The tank is first filled 
with water by the pipe d, entering the tank immedi- 
ately under the diaphragm ; the admission of water 
is continued until it has passed up the balance-pipe 
c, and fiUed the space g, driving out the air by the 
vent /. Petroleum is then forced through d, dis- 
placing the water, which passes up c into g, the sur- 
plus escaping by the outlet e. Sufficient water is left 
to form a layer of about 6 in. on the bottom, and at 
least as great a depth remains above the diaphragm. 

When the vent / is closed, no air can mingle with 
the petroleum, and no evaporation can take place. In order to draw oil out, water is forced in 
by e. 

A plan projected by Donny embraces the storage in both bulk and barrels, so as to be free from 
danger of ignition by any ordinary occurrence, such as lightning, and to confine the fire and the 
burning material in case of a conflagration. The cisterns are constructed of concrete, with 
vaulted roofs, preferably below the surface of the ground ; if above, the walls must be kept moist, 
to prevent leakage. For storage in bulk, a number of tanks are formed of concrete, communicating 
by siphon-pipes, into and out of which the oil is passed by pomps. The barrels are stored in long 
concrete vaults, closed by a double system of airtight doors, made of light sheet iron, and so 
arranged that if one is blown out, the second will fall into its place. Supposing the doors to act, in 
case of an explosion, the first door will be blown away, when the second resumes its place, shutting 
off air, and smothering the fire ; should the doors not act, the burning oil will flow along a passage 
specially provided for it into an immense cistern, and meantime the air-supply can be cut off by 
banking up earth in the doorways. 

With regard to the material for the construction of petroleum receptacles. Dr. Stevenson 
Macadam states that lead will spoil lamp-oil in a week, or less if bright ; iron does not detract from 
the illuminating qualities, but deepens the colour, and causes a rusty deposit ; zinc, solder, and 
galvanized iron are all deleterious. Metals which do not seriously damage the oil, but which still 
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cause its detericnation by contact piolooged for months, are tin, copper, and tinned copper, common 
solder containing lead being excluded from nse in their manufacture. Stoneware, slate, and 
enamelled iron are recommended as superior to all metals. 

A very curious circumstance, which may be turned to some practical account, is that the 
addition of a little powdered soapwort (Saponaria officinalis), digested in water, causes petroleum to 
form a solid mucilage, and that the subsequent application of a little phenol (carbolic acid) causes 
it to resume perfect limpidity. 

Separation of the Constituents, and their Uses. — Crude petroleum is usually a dark greenish- 
brown liquid, of somewhat offensive odour, having a density varying from 40° to 48° B. 
(O’ 820-0 -782 sp. gr.), and composed of not less than 30 distinct hydrocarbons capable of 
separation by heat. To prepare the oil for commerce, it is freed from both the heaviest and 
the lightest members. The operations are directed to the separation of the following matters : — 
(1) The light oils, which are highly volatile and inflammable; (2) the heavy oils, which 
do not illuminate well, but are good lubricators; (3) tarry matters; (4) colouring matters; (5) 
malodorous matters. This involves 3 or 4 distinct processes: — (1) Fractional distillation; (2) 
agitation with sulphuric acid ; (3) agitation with hydrates of soda and ammonia ; (4) washing with 
water ; (5) occasionally a second distillalion after the acid and alkali treatment. 

The distillation is effected in an iron still, provided with a condenser-coil. (Several forms of 
still used in fractionizing coal-tar will be found described on pp. 641-4, and much information 
bearing upon the subject is scattered throughont the article on Coal-tar Products, pp. 641-684 ; see 
also ParafSn.) The matters first issuing from the still are very volatile gases, which escape con- 
densation at ordinary temperatures, but which, by cooling and compressing, may be converted into 
the volatile liquids rhigolene and cymogene. As the distillation proceeds, the issuing matters 
take a liquid form at ordinary temperatures, and increase in density, from 95° B. (0 • 629 sp. gr.) 
downwards. These oils may be separated according to their densities as they come over ; but it is 
more usual first to collect in one receiver all the oils that pass over between 95° and 65° B. 
(O’ 629-0 ’723 sp. gr.), constituting (a) “crude naphtha,” and to effect the breaking-up of this 
crude naphtha by a subsequent operation. When the distillate shows a density of 65°-59° B. 
(0 ’ 723-0 ’ 748 sp. gr.), it is run into the (6) “ kerosene ” tank, until the density reaches about 38° B. 
(O’ 838 sp. gr.), or the colour deepens to yellow. The next portion is then collected as 
(c) paraffin-oil, until nothing but pitch or coke remains in the still, the density of the last products 
being about 25° B. (0 ’ 906 sp. gr.). The distillate (a) “ crude naphtha,” by redistillation, is broken 
up into “ gasolene,” or “ light naphtha,” ordinary “ naphtha,” and “ benzine.” The* kerosene” or 
lamp-oil, forms the bulk of the product This is agitated with about 2 per cent by volume of 
snlphuric acid, to remove the disagreeable odour and a portion of the colour. Thus partially 
cleansed, it is washed with water, then with alkali (hydrate of soda or ammonia) to correct the 
remaining traces of acid, then with water to remove the taint of alkali. Sometimes it is redistilled 
at a higher temperature than before to remove the small percentage of naphtha or benzine still 
present Finally it is exposed in open tanks, under glass, to the sun, for 24 hours or so, to complete 
the bleaching and sweetening. The extra price at which kerosene is sold tempts many distillers to 
neglect the separation as just detailed, and to mix as mnch benzine and naphtha as possible with 
the kerosene. The tendency of this is to reduce the flashing-point (see p. 1479) in a remarkable 
degree, and to render the oil totally unsafe for illuminating purposes ; an oil flashing at 113° F. was 
reduced to 103° F. by the addition of 1 per cent, of naphtha, and to 83° F. by the addition of 
5 per cent., while with 20 per cent., the mixture actually burned at 50° F. The annexed table 
shows at a glance the densities, proportions, uses, and relative market values of the several products 
of the fractional distiUation of crude petroleum 


Prodact. 

Density. 

Per- 

ceoUge. 

Application. 

Pri<» 

pergaL 

Cymogene 


105°-115° B. 

(O’ 603-0 ’578 sp. gr.) 



Artificial freezing . . 

6s. 

Rhigolene 


95°-105° B. 

(O’ 629-0 ’603 sp. gT.)J 



Ansesthetio 

4s. 

Gasolene.. 


80°-95° B. 

(0 ’673-0’ 629 sp. gr.)J 


ij 

Air-gas lamps 

9-18d. 

Naphtha.. 

• 

65°-80° B. 

(0’723-0’673 sp. gr.) 


10 

An adulterant of kerosene 

2-4<i. 

Benzine .. 


60°-65° B. 

(0’744-0’723 sp. gr.)J 


4 

Paints and varnishes .. 

6-8<i. 

Kerosene.. 

/ tS. 

KO-838-0-744 sp. Rr.)J 


55 

Lamp-oil 

10-12d. 

Paraflin-oil 

/ 25°-38° B. 

\(0’906-0’838 sp. gr.) 

1 

19^ 

(Separated into paraffin! 
\ and a lubricating-oil . . / 

7-9d. 
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The snbetance called “ Taseline ” is the residue froni the distillation of petrolenm, purified by 
an elaborate process. It is a pale-yellow, translnceat, slightly fluorescent, semi-solid, of sp. gr. 
0‘840 at 54° (129° F.), insoluble in water, slightly soluble in alcohol, freely in ether, and miscible 
in all proportions with fixed and volatile oils. Being unchangeable, it has been proposed as a 
basis for ointments, perfumes, and other compounds where fat is usually employed. * 

GENERAL CONSTDERATWNS. 

Improved Hodes of Hxtraction. Animal Fats . — One of the most important operations 
under this head is the manufacture of tallow and lard from animal fats. The process is usually 
termed “rendering,” as applied to the fata themselves. These fatty matters are contained in 
animal tissue, into whose composition water largely enters. The simplest method of separating 
them from each other is by heating the fat in an open pan over a fire, at a temperature considerably 
above the boUing-point of water, 100° (212° F.), constantly stirring the mass, whereupon the 
animal tissue dries and cracks, allowing the pure fat to run out, and become separable by mere 
strmning. This process, however, requires careful watching, as the tallow is apt to be discoloured 
by overheating, and, unless the fat be very new, is certain to evolve noxious odours. 

The methods employed on a large scale may be divided into two, according as it is desired to 
save the animal tissue in a solid form, or not. If it be so desired, a very suitable apparatus is that 
used by Dole, of Bristol, and made by Miles, engineer, 

Bristol, shown in Fig. 1022. The apparatus consists of 
a strong iron cylinder a, provided above with a charging- 
hole 6, closed by a sliding cover ; a man-hole near the 
bottom, for the discharge of solid refuse ; two taps c for 
drawing off pure fat ; water feed-valves d ; steam feed- 
valves e ; and water draw-off valve /. Steam at a pres- 
sure of 60-80 lb. is introduced at e, and circulates in 
the coU g below the perforated false bottom A, d sup- 
plying water when necessary. The vent-tap i regu- 
lates the pressure, and permits the blowing off of steam. 

The apparatus being charged, steam is introduced for 
6-8 hours. With a heavy charge, the fat can be drawn 
off by the upper of taps c, being fioated to that level if 
necessary by letting in water. With a light charge, it is 
considered better to draw off all liquids together by the 
lower tap c, and skim off the fat when cold. The appa- 
ratus is strengthened by a stay-bolt i, and has a stage 
at 1. 

Another modification, which produces a very pure 
tallow, is described under Butterine (p. 1362). Its dis- 
advantages are the necessity for the comminution of the 
fat, and the length of time required by the process, i. e. 
the large amotmt of plant necessary to “render” a few 
tons of rough fat. Its advantages are the almost com- 
plete freedom from noxious vapours (hence it is strongly 
recommended by Dr. Ballard), and the great purity of 
the product. 

When the saving of the animal tissue is a matter of no moment, it is better to “ render ” tlie fat 
in the presence of water and steam. This can only be completely done under slight pressure 
(boiling the comminuted fat upon water in an open vessel only extracts part of the tallow, &c.), 
and is most suitably effected in a vessel such as that shown in Fig. 1023. The apparatus consists 
of a series of steam-tight cylinders of 1200-1500 gal. capacity, formed of boiler-plate, with a length 
about 2J times greater than the diameter, and provided with false bottoms. The operation proceeds 
thus The cylinder is fed through the man-hole K with crude fatty matters to within about 2J ft. 
of the top. The man-hole is secured, and steam is admitted by the foot-valve into the perforated 
pipe C. The safety-valve O is set at the required pressure, and frequent testing of the state of the 
contents of tlie cylinder is made by opening the try-cock K. An excess of condensed steam in the 
cylinder will be indicated by the spurting ejection of the fatty matters, when the regulating-cock X 
must be opened, and the condensed steam be drawn off into the tub T, till the escape of fatty 
matter firom B has ceased. After 10-15 hours’ continued steaming, the steam is shut off, and such 
as remains uncondensed in the cylinder is let out by the try-cock and safety-valve. After due rest, 
the fatty matters separate out and form the uppermost layer, and are drawn off through the cocks 
p into ordinary coolers. The fat being emptied from the cylinder, the cover F is raised by the rod 
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6 from the discharging-hole E, and the residue fells into the tub T. Should the residne retain 
any fat, it is returned to the cylinder with the next charge. The pressure of steam commonly nsed 
is 50-75 lb. a sq. in., sometimes advancing to 100 lb., though this last figure is excessive, and 
calculated to injure the quality of the fat by decomposing the animal matters present. The yield 
obtained is considerably greater than by the ordinary methods, being stated at 12 per cent, extra 
for lard, and 6 per cent, for tallow. On the other band, it is almost necessary to wash the fat with, 
fresh water, and remelt and settle it, to remove the last traces of animal matter held in suspension 
by the unseparated water, and hav- 
ing a tendency to putrefy. 

Another modification of the 
steam process is to subject the 
rough fat to the action of about 
J its bulk of water, containing 2-3 
per cent, of sulphuric acid, boiling 
the whole by steam at atmospheric 
pressure, i. e. in an open, or loosely 
closed, lead-lined tank. There ex- 
ists, however, a prejudice against 
tallow or lard in whose preparation 
any chemicals have been used. 

In all cases, it is highly desir- 
able to render the fat as soon as 
possible after its removal from the 
animal’s body, since the animal 
tissue rapidly decomposes, and sets 
up fermentation, producing rancidity 
in what would otherwise be a 
neutral fat, and also injuring the 
colour, &c., of the ultimate product. 

The different kinds of fat should 
also be sorted, and each description 
melted separately. In large esta- 
blishments, such as the Union stock- 
yards of Chicago, the stockyards at 
St. Louis, and the packing-houses 
of Cincinnati, where thousands of 
beasts are killed every day, there 
is a row of these digesters, each one 
allotted to its own kind of fat, 
which is placed therein a few 
minutes after the death of the 
animal. In this way, is secured 
great uniformity in the various 
grades of tallow and lard produced. 

The waste liquor, containing large 
quantities of nitrogenous matter, is 
sold for manure. 

Many soap-makers “render” rough fat in a soap-copper (see Soap) by the simple action of wet 
steam upon it, while the cover of the copper is secured by bolts or weights. When all the tallow 
has been skimmed off, a weak impure solution of caustic soda, technically known as “ half-spent leys,” 
is run in, and the whole is boiled. The object is to saponify the last remaining portions of tallow, 
and the discoloured imperfect soap is used in lower grades of the pure article. The process, how- 
ever, is a wasteful one, since large quantities of the soda are used up in forming ammonia, by its 
action upon the nitrogenous animal tissue, and this ammonia, being volatile, escapes with the 
noxious vapours, and thus a valuable fertilizing agent is lost. As far as concerns the avoidance of 
noxious odours, rendering by steam has undoubted advantages, and it is altc^ether a more rapid 
and satisfactory process. 

The foregoing descriptions of the various processes for the “rendering” of beef-, mutton-, and 
pig- fat, apply equally, mutatis mutandis, to that of kitchen-stuff, ship’s-grease, &c. In these cases, 
however, the liability to rancidity, and production of noxious fumes, is much greater than with 
fresh fat. 

A large quantity of fat, known as “bone-fat,” “bone-grease,” or “bone-tallow” is now 
extracted from bones, and is chiefly used by the soap-maker. The common method of extract- 
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ing the fixed fat from bones by boiling in open vessels has been described under Manures 
(p. 1256). A great improvement consists in the application of steam in closed vessels, as adopted 
by most large firms. The form used by Morris and Griffin, at Wolverhampton, is shown in 
Fig. 1024. It is composed of a l|-in. iron cylinder a, 6 ft. long by 3 ft. 6 in. in greatest diameter, 
furnished with hinged doors 6 o at top and bottom, which are tiglitly closed during operations 
by IJ-in. screw-threaded bolts and nuts d, and further pro- 
vided with 2-in. tap-holes at e and /. The bones are intro- 
duced at the top door 5, which is then secured ; steam at about 
141° (286° F.) is introduced for 40 minutes ; the steam is shut 
off, and that remaining in the cylinder u is let out into a con- 
denser ; J hour later, the fat is drawn off by the tap / at the 
bottom of the cylinder ; the bottom door c is then opened, and 
the bones are allowed to fall upon the floor below. The bones 
are rendered much more brittle than by ordinary boiling, and 
are much drier and more easily ground, requiring no previous 
storing (see Manures, p. 1256). The cylinder shown will steam 
at a charge 46J owt. of bones, yielding 87-88 lb. of fat per ton. 

One of the best and most inoffensive arrangements of the 
bone-boilers for a large establishment is that adopted at Adams’ 
knackery, in Birmingham, erected under the direction of Dr. 

Alfred Hill, and shown in Figs. 1025, 1026. A set of six pans are 
set and heated in the usual way. Tliey are enclosed above in a 
sort of closet, formed by a wooden partition, reaching up to the 
roof of the building and down to the front of the top of the pans. Opposite each pan, is a shutter in 
the partition, which can be slid up whenever it is requisite to obtain access to the pan. Each pan is 
closely covered with a wooden lid, and from the upper and back part of each pan, beneath the cover, 
starts a pipe leading to a 10-in. main running the whole length above the pans and within the 
hopper, receiving contributions of vapour from each pan. This pipe finally has exit outside the 
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building ; it here communicates with an oblong condenser, made of sheet iron, filled with coke, 
measuring 14 ft. long, 3 ft. in vertical section, and 14 in. in horizontal section, inclined a little in its 
long diameter. At the lower end, it receives the pipe from the boilers ; and from its lower border, 
another small pipe conveys away the water produced by the condensation of the vapour, the cooling 
agent being the outer air, to which the condenser is exposed on all sides. The upper end of the 
condenser communicates by two air-pipes with the flues from the fire-places. When the pan-lids 
are raised, the escaping vapour rises to the roof, and is conveyed from the interior of the closet into 
the chimney-shaft, by escape-steam pipes provided for the purpose. The reference-letters indicate : 
a, fire-holes ; 6, boiling-pans ; c, steam-pipes ; d, main steam-pipe ; e, escape-steam pipes ; /, air- 
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pipes ; g, chimney-shafts ; A, condensed-steam pipes ; i, water-trough ; k, wronght-iron condenser ; 
I, doors for cleaning smoke-flnes ; m, smoke-fines ; n, closet with sliding door. 

The form of digester employed by Proctor and Byland, of Birmingham, for extracting both fat 
and gelatine from bones, is shown Fig. 1027. It consists of a (duplicate) egg-shaped iron vessel a, 
capable of holding 6-7 tons of bones ; at the upper end, is a short neck i, surrounding the charging- 
hole, which is closed by a tight-fitting cover ; here enters the steam-pipe c, which descends to the 
bottom of the digester, here also the waste-steam pipe has its exit. At the bottom of the digester, is 
a wooden false bottom e for supporting the bones, and on one side is a mau-hole / for reaching the 
false bottom and removing the boiled bones. Cold water can be introduced by the pipe g. The 
liquid matters are withdrawn by the pipe A, separating into two branches, with appropriate taps 
* the one i leading to a drain, the other A to a tank. The bones are first boiled in water by the admis- 
sion of free steam ; when sufficiently boiled, steam is turned off, and time is allowed for the fat to 
separate ; cold water is then let in by 3 to raise the fat to the level of the pipe /, when it escapes into 
a receptacle. The water is next run off from the digester by the pipes A i into a drain, the top cover 
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is fastened down again, and the bones are stefuned at a pressure of about 50 Ib. for the extraction of 
the gelatine ; the gelatine is drawn off by the pipes 6 A, and the bones are finally removed by the 
man-bole /. The bones are in a less friable condition than when the form shown in Fig. 1023 is used, 
and they require to heat somewhat before being ground. 

(For a further and desirable process of purification, see Eefining, p. H60.) 

The calcining of bones has been described under the article Blacks — Bone-black, p. 453. One 
of the best arrangements for separating bone-oil from the other products of the distillation is shown 
in Fig. 1028. The pipes leaving the retorts first ascend, then bend downwards into a wide iron 
pipe, miming horizontally about 1 ft. above the retorts, and containing water. Here the first con- 
densation takes place. The vapours next pass by the pipes a to a continuous condenser 6, such as 
is used in gas-works, and exposed to the outer air. Passing hence, the vapour, atm containing 
condensable matters, is conducted through two coke scrabbers e, fed by a pipe e with trickling 
streams either of water, or of ammoniacal liquor, raised by the pump j from the well A which 
receives it from the scmbbers, the liquor being thus made to circulate tUl it is sufficiently strong. 
The washed gas escapes at d for further treatment elsewhere. The liquors from the condenser 0 
are received in/, where the first rough separation of bone-oil and ammonia-liquor takes place, the 
former floating while the latter sinks. The oU flows away at the surface by the 1-in. pipe ic to a 
barrel v sunk in the ground ; the liquor escapes by the larger pipe g, which is bent siphon-like, 
and dips into the liquor below the oil, the top of the siphon being at the same level as the pipe 
that carries off the oil. The liquor is conveyed to the receiver A. It still contains much oil, which 
is more completely separated by pumping the whole through the pipe i into a subsiding-vessel m 
provided with taps as at y for drawing off the oQ at intervals into r, while the liquor is pumped out 
through the pipe x (reaching to the very bottom of the tank) and pipe I into the still n. Its further 
treatment does not come within the scope of this article (see p. 232). The oil in t. wntains some 
ammonia worth recovering. It is therefore raised by the pump j into a tank a (Fig. 1029) above b 
and the ammonia is washed out by injecting steam through the perforated pipe 6- the liquo' 
collects at the bottmn, and is drawn off by c into a barrel d for conveyance to » or A ' ^ ^ 
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The oil is varionsly dealt with. At some works, it is barreled and sold ; at others, it is mixed 
up with manures, or used as fuel. In the last case, it is pumped into a (Fig. 1029) and conducted 
by the pipe e, as wanted, to the boiler fire, into which it is showered by a steam-jet issuing from / 
at g, at right angles to the opening of e, at the furnace-mouth. This seems to answer the desired 
end very well. As the oil resembles mineral oil in some of its characteristics, it does not saponify 
readily, if at all, and is chiefly valuable as a coarse lubricant. 

Vegetable Fixed Oils and Fats . — A detailed account of oil-mill machinery will be found in 
Spons’ Dictionary of Engineering, p. 2482. It is here proposed to supplement it by the addition of 
such modem improvements as have since come into use. The class of machinery there shown in 
Figs. 5907 and 5908 is being rapidly replaced by the system introduced by Eose, Downs, and 
Thompson, of Hull, in 1874. Indebtedness is acknowledged to this well-known firm for the 
subjoined descriptions and illustrations of improved apparatus for extracting the oil from various 
oleaginous seeds and nuts, and converting the pulp into cake for feeding cattle. 

The arrangement of the mill is shown in plan in Fig. 1030, and in elevation in Fig. 1031. The 
seed or other material passes through the following course : — It runs from an upper floor through 
the roll-&ame A, by 
which it is crushed 3 or 
4 times ; it is then taken 
by the elevators B to the 
kettle C, where it is 
heated and damped. 

From beneath the kettle, 
it is drawn, in quantities 
sufficient to make a cake, 
by a box which conveys 
it to the moulding-ma- 
chine E. Here it under- 
goes preliminary com- 
pression, the objects of 
which are (1) to mcrease 
the number of cakes 
which may be inserted 
in the presses at one 
time, enabling 18 12-lb. 
cakes to be made where 
4 8-lb. cakes were for- 
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merly made, and (2) to ensure uniform size and weight, and uniform density or consistence 
throughout. The cakes are removed from the moulding-machine, and put into the press F, 3 
or 4 of which are required to each moulding-machine. The pressure is applied either by means 
of hydraulic pumps, 

or by a high-and- I03i. 

low-pressure accu- 
mulator; but unless 
extreme care is 
used with the latter, 
it gives too rapid a 
pressure, squirting 
out the seed at the 
side of the plates, 
and exercising a 
destructive effect 
upon the cloth em- 
ployed. The pulsa- 
tiou caused by the 
pumps working di- 
rectly to the press- 
cylinder is more 
akin to the action 
of a wedge, and 

seems to extract the oil better than the dead pressure given by the accumulator. If the latter is 
used, a small cylinder may be applied to give the preliminary pressure in the moulding-machine, in 
lieu of a cam. After remaining under pressure about 25 minutes, the cakes are withdrawn, and 
after being stripped of the cloth, sue pared by the machine H, which completes the mann&ctnia 
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of the cskes. The parings fall under a yery small pair of edge-mnning stones J, which antomati- 
cally discharge them, when snSiciently ground, into an elevator conducting to the kettle, where 
they are worked up with fresh seed. In a mill with 4 presses, 2 men and a boy in the press-room 
cam make 6 tons of cake in 11 hours, a rate of production requiring 6 men by the old process. The 
saving in steam-power is about 30 per cent., chiefly due to the absence of the heavy edge-runners, 
which also eflects an economy of space. About 2 per cent, more oil is extracted, and the cakes are 
improved in appearance by not having the structureless texture caused by the trituration of the 
seed under edge-runners. 

Having described the general routine of the process, some details may be added concerning the 
working of the several machines. The roll-frame Fig. 1032, consists of 4 or 5 chilled-iron rolls, 
each 3 ft 6 in. long by 16 in. in diameter, 
placed one above the other. These 
rolls are used for crushing all the seed 
that passes through one set of presses 
making 5J-6J tons linseed-cake per 
spell of 11 hours. The seed passes 
into the hopper in the usual manner, 
and is distributed to the crushing-rolls 
by a fluted feed-roll the same length 
as the crushing-rolls, placed at the 
bottom of the hopper. When the seed 
passes the feed-roll, it falls on a guide- 
plate that carries it between the Ist and 
2nd roll. After passing between these 
rolls and being partly crushed, it falls 
on a guide-plate on the other side, 
which carries it back between the 2nd 
and 3rd rolls, where it is crushed more 
fully. It then falls on another guide- 
plate, which carries it between the 3rd . 
and 4th rolls, where it is ground more | 
fully ; then it falls on a 4th guide-plate, 
and 'is conveyed between the 4tti and 
6th rolls to receive the finishing touch. 

It is thus crushed four times. 

The kettle is shown in Fig. 1033, which represents one eapable of heating sufScient seed to keep 
4 16-plate presses occupied, or to make 6 tons of cake per 11 hours. It is steam-jacketed and 
furnished inside with a damping-apparatus. The inside diameter is 5 ft, and the depth 2 ft. 6 in. 
The seed introduced is kept in motion by 
the stirring-gear, and when suBiciently 
heated and damped, is withdrawn by the 
box A in quantities to form one cake, and 
transferred at once to the moulding-ma- 
chine, attached or separate. 

This machine is illustrated in Figs. 

1034, 1035. Its purpose is to measure the 
quantity of seed required to make each 
cake, to shape it as required, and to press 
it so much, without extracting any oU, as 
will enable the greatest number of cakes 
to be put into the press. The measure 
of seed is placed on a strip of woollen 
cloth, spread upon a thin iron tray, sliding 
on the guides B; the bottomless hinged 
mould C, having the exact shape of the 
intended cake, is closed upon and the 
measure A (Fig.l033X which is also bottom- 
less, is drawn over guides in the upper sur- 
face of the mould C, thus accurately dis- 
tributing the seed. The mould is next 
thrown upon its hinge (Fig. 1034), and the ends of the strip of cloth are folded over the seed, 
the thickness of which is about 3i in. The thin iron tray, with the mould of seed upon it, is 
then pushed along the guides B, beneath the die D. This action gives motion to a cam, shown 
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above in the illostratioes, but which may be placed beueath if neoeseary. This cam brings down 
the die, and compresses the mould of seed to a thickness of 1 J in. ; its revolutions are so timed that 
the seed is under pressure long enough (about | minute) to let the workman have another cake 
ready. 

When the die of the moulding-machine rises, the cake and tray are removed and placed in the 
press (Fig. 1036), the tray being withdrawn. The plates of the press are slightly thickened towards 
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the edges, and bear the name of the manufacturer in reverse. The press is suitable for extracting 
oil from linseed, rape-seed, cotton-seed, hemp-seed, niger-seed, sunflower-seed, gingelly-seed, 
castor-seed, ground-nuts, coco-nuts, olives, &c. It is made in various sizes. The No. 1 double 
press (not shown) is furnished with 4 cake-boxes, suitable for making 4 tapered cakes at one 
pressing, each about 2 ft. 5 in. long, by lOJ in. wide 

at one end, and 7J in. at the other, when using 1036. 

linseed, 48 lb. of Bombay seed being required to 
charge the press, and giving a cake weighing about 
8 lb.; the maximum and minimum weights of its 
charges ate 60 lb. and 40 lb., of the cakes, 13 lb. and 
6i lb. The charges vary from 3 to 6 an hour, being 
4 for cotton-seed and 5 for linseed ; most other seeds 
are worked the same as linseed, but rape and gin- 
gelly ate worked twice. By using 2 presses for the 
first time and 3 for the second, 3 presses will cmsh 
as much seed as 5. These presses are made of a 
capacity to take 270-320 lb. seed at a charge, giving 
cakes of 9-15 lb., and requiring 30-45 minutes for 
the operation. In all these presses, the hair wrappers, 
weighing some 26 lb., used in the old process, are 
dispensed with. 

After being sufBciently pressed, the cakes are 
withdrawn, stripped of their cloths, and pared by the 
machine shown in Fig. 1037, which consists of 2 
reciprocating knives moving above a table fitted with 
guides and gauges, and with a screw conveyer in the 
centre, for discharging the parings at one end. Two 
boys attending the machine can pare 12-13 tons a 
day. The parings are taken under a very small set 
of edge-runner mill-stones, which automatically dis- 
charge them, when sufficiently ground, into an ele- 
vator leading to the kettle, where they are worked 
up with &esh seed. Larger edge-runners are very commonly used for crushing Egyptian cotton- 
seed; a set weighing 404 cwt. crush about 6 tons per 11 hours. 

The ordinary method of liberating the coco-nut from the shell is to break the latter into two or 
more pieces by blows from a hammer, and to leave these exposed to the sun’s rays for a few days, 
when the kernel contracts, and leaves the shell. Some years since, Eose, Downs, & Thompson, of 
Hull, designed two machines for slicing and rasping the dried kernel, or copra, which, in general 
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construction, resembled gigantic mincing-machines. The slicing-machine worked well, and turned 
ont a large quantity, but it was found to be of little value in practice, on account of the frequency 
with which stones and similar foreign bodies got mixed among the copra, and injured the knives. 
The rasping-machine also suffered in a minor degree from the same cause. Moreover, there was 
no real gain in using the machines, as they did not reduce the material to a sufficiently fine 
degree. The first produced thin slices, and 
the second rendered these granulsu only, like 
coarse sawdust, so that it was still necessary 
to pass the material through an edge-runner 
mill, and no perceptible difference was made 
in the amonnt of grinding required in this 
latter. Consequently, both machines have been 
abandoned, and the broken copra is thrown at 
once under edge-runners, and then pressed and 
dealt with much in the same manner as an 
ordinary oleaginous seed. The firm named 
estimate the average cost of the machinery 
adapted to a small mill capable of treating 
about 40 cwt. of copra daily, and making 24-25 cwt. of oil, and 15-16 cwt. of cake, as follows: — 
Engine, boiler, edge-runners, presses, pumps, gauges, “ hairs,” cisterns, pipes, nuts, bags, bagging, 
and all fittings complete, at about 10001. The same motive power will drive also the machinery 
for preparing the fibre from the husk, costing about 1501. additional. 

Not unfrequently, in order to extract the last traces of fat or oil from seeds and nnts, recourse is 
had to the solvent action of carbon bisulphide. This plan is adopted on a very large scale by 
Heyl, of Berlin, and by Sevin, of London, for the manufacture of palm-kemel-oil ; and so com- 
pletely is the meal freed from all traces of carbon bisulphide and its attendant nauseous-smelling 
compounds, that it is much used for cattle-food, though less valuable for that purpose than the 
meal from simple expression, by reason of its deficiency in oil. The residues from the extraction of 
olive-oil in 8. Europe are dealt with in the same way, and made to yield an additional 2-4 per cent, 
of the so-called ” pyrene ” oil. 

The method of employing carbon bisulphide may be illustrated by Figs. 1038 and 1039, showing 
respectively a longitudinal section and plan of Deitz’s apparatus. It consists of extractors B, 
which are usually worked 
in couples alternately, 
and in connection with 
a still D, containing a 
steam-coil, and communi- 
cating with a cooler 0 by 
means of a pipe The 
pipe j leads from tlje 
cooler-worm to a recep- 
tacle A for storing the 
bisulphide. The ex- 
tractor B is also con- 
nected with the cooler C 
by tbe pipe e, and pro- 
vided with suitable open- 
ings for the introduction 
and withdrawal of the 
fatty matters. These 
latter are put into B 
between two perforated plates d d " ; bisulphide is pumped from A by the pipe A in at the bottom 
of B. The bisulphide passes up through the mass, absorbs the fat present, and escapes finally by 
the pipe / to the still D. The admission of bisulphide is continued till a sample drawn off at A 
is free from fat The bisulphide is then shut off; and steam is injected into the extractor through 
a perforated coil lying between the bottom and the perforated plate. The remaining bisulphide 
is thus carried by the pipe / into the receptacle A. The fat-saturated bisulphide is distilled in D, 
by means of a steam-coil. The evaporated bisulphide liquefies in the cooler C, and runs back 
into A for further use. Steam is occasionally passed through the fat, to completely free it from 
bisulphide ; and the clean fat is finally let out by the pipe i. 

In America, preference is given to petroleum -spirit of low boiling-point, as being cheaper and 
less dangerous, though less rapid in its action. The materials there principally dealt with are the 
residues from the rendering of animal fats (as tallow and lard), containing 12-15 per cent, of 
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extractable grease. The patents relating to this industry in America are very nnmerons, but those 
taken out by Adamson seem to be most largely adopted. The process lasts 24-36 hours, and the 
products are used mainly as lubricants, being unfit for making good soap. “ Pomace ” or castor- 
cake, and greasy cotton-waste, are similarly treated. 

A very great disadvantage of petroleum-spirit, however, is that whereas the high sp. gr. of 
carbon bisulphide enables it to be kept covered with water (and even collected &om the mouths 
of the condenser-worms under 
water), and thus protected from 
all risk of explosion by contact 
of its vapour with air and flame, 
petroleum-spirit, which is, bulk 
for bulk, about half as heavy as 
the bisulphide, cannot be so pro- 
tected from accident and loss by 
evaporation. Its vapour-density 
also is much less. 

Recovery of Waste Grease . — 

A description of the means 
suited to the recovery of grease 
from fabrics and liquids which 
have served their purpose may 
fitly be introduced here. 

In the recovery of oil from 
oily cloths, the latter are first 
soaked with water and soda 
crystals in a tub, and steam is 
thrown in ; the mixture of alkaline water and oil thus obtained (the latter saponifies to a slight 
extent), is mn off into an open tank; this operation is repeated as often as appears necessary. 
The cloths are then squeezed nearly dry between rollers ; the liquor is received in a tank, where 
it accumulates, and separates on standing, the oil collecting on the surface, while the dirty water 
remains below. The oil is ladled out into casks, and used for making blacking, or refined for 
other purposes. The cloths are finally dried by suspension in a chamber heated by coke fires 
in braziers. OflFensive odours are generated, and the whole arrangement should be enclosed, 
and provided with means for conveying the vapours into a tall chimney. 

The recovery of grease from the waste shoddy of woollen-mills, from cotton waste used for 
wiping oily machinery, from scrapings from fat-melting establishments, and in short from almost any 
mixed mass of grease and other matters, is now effected on a large scale by means of carbon 
bisulphide. The method of applying this solvent now generally adopted is to introduce the greasy 
matter very lightly and loosely into an airtight iron cylinder provided with a false bottom, taking 
care to ensure the porosity of the mass, aud its freedom from more than a very small percentage of 
water. The bisulphide, pumped in from below, because it diminishes in sp. gr. as it dissolves the 
fatty matters, rises through the cylinder, dissolves out the grease, and flows away at the top into a 
still. It is then distilled off by steam, and condensed, running with the condensed steam into an 
underground reservoir, where it lies covered with water till required again. The greasy matters are 
left in the still, whence they can be drawn off. When aU the grease has been extracted from the 
material, the bisulphide retained by the latter is drained off; the injection of free steam then 
drives off the last traces of bisulphide into a condensing-worm, and thence to the underground 
reservoir. The loss of solvent in each operation is trifling, but the most stringent precautions are 
necessary to prevent leakage. An arrangement of this character has been described and illustrated 
under Carbon Bisulphide (see pp. 60.5-6, Fig. 473). 

Soap-snds contain a large quantity of fat combined with alkali as a soap. The recovery of this 
fat is now largely accomplished, especially in the woollen-manufacturing districts of England, 
from the suds leaving woollen-mills, which contain, in addition to the soap employed in washing or 
fulling the wool, a large quantity of fat derived from the wool itself. These are first carefully 
strained and then settled to remove extraneous matters. From the settling-tank, the liquid flows 
into several large tanks, whore, in succession, the “ breaking” or decomposition of the soap is effected. 
Steam is first injected to raise the temperature to about 49° (120° F.), and sulphuric acid is then 
added, in such proportion as to leave the (broken) liquor feebly sour to the taste. This preliminary 
heating is not adopted in all cases, as the same end (the facilitation of the breaking) is attained by 
keeping the suds for 3-4 days. But this is a most objectionable proceeding, on account of the 
offensive putrefactive odours emitted ; it also requires the provision of much additional storage 
room. In the breaking, the acid combines with the soda, and liberates the grease, which partially 
floats, and partially settles to the bottom of the tank with earthy and other impurities. Time is 
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allowed for the complete separation of the grease ; the liquid is then mn off through drans, ^d 
the scum or “ magma ” is put into canvas filters on wooden frames. From these, the liquid portion 
escapes into the drains, and a blackish-grey greasy mass remains upon the filters. This mass is 
wrapped up in cloths, and first subjected to cold expression to free it completely from water. To 
recover the grease, the packages, as they leave the cold press, are transferred to a hot press, where 
steam is introduced at ordinary pressure. The grease is thus melted out, and, with condensed water 
and some dirt, escapes at the bottom into a sunken tank, about 2 ft. long, IJ ft. wide, and 3 ft. deep. 
Here the oil separates from the dirty condensed water, fioats, and is ladled out while BtUl liquid. 
The dirty water is let out at intervalsfinto a large underground tank, where more grease separates. 
The oil ladled out is transferred to a lead-lined vessel, and treated with strong sifiphurio acid to 
remove any water that may be in it, after which, it is barrelled for sale. The residue in the hot 
press, called “ sud-cake,” is treated with carbon bisulphide to extract any remaining traces of ^ease, 
and is then used for manure-making. The waste liquor, neutralized with lime, or made slightly 
alkaline, may be beneficially used for irrigating pasture. 

Essential Oils . — The extraction and recovery of vegetable essential oils is performed by the 
following processes. 

Enfleurage. — The simplest and moat important of the processes adopted for recovering the 
perfumes of plants for industrial purposes is known as absorption or enfleurage. The earliest and 
most primitive method of performing this consists in allowing the flowers to lie between glass plates 
covered on both sides with grease, and superposed in piles in a frame, the flowers being renewed 
every day during the season, which may last for 8 days or 3 months. In absorbing by means of oil, 
instead of solid grease, the glass plates are replaced by frames of wire-gauze, covered with pieces of 
linen soaked in oUve-oil, between which the flowers are spread and renewed as in the other case. 
The oil is squeezed out by the gentle action of a screw press. These primitive plana are still in 
wide use, despite their cost for labour, their slowness, and the risk of the absorbent grease becoming 
rancid. 

A great improvement is the pneumatic method introduced by Piver, and illustrated in Fig. 1040. 
The apparatus consists of a box a, about 10 ft. high and 6 ft. wide, containing wire-gauze trays 6 
for holding the flowers ; between them, sheets of glass or silvered 
copper c, fixed at one side, but free on the three edges, receive the 
grease, not only in a flat layer, but divided into extremely fine drops, 
by being forced through a plate penetrated with minute holes. Two 
bellows d, arranged so that one falls while the other rises, maintain a 
current of air throughout the apparatus, by which the grease is rapidly 
impregnated without the flowers coming into actual contact with it, 
thus avoiding the destruction of the perfume and staining of the grease, 
often arising from fermentation of the flowers in the presence of animal 
matters. 

More recent improvements in the conduct of the absorption-process 
have been in the direction of replacing the grease by some neutral sub- 
stance, such as paraffin, glycerine, and vaseline. In order to remove 
all traces of the paraffin from extracts obtained by its agency, it is 
recommended to subject them to a freezing-mixture, in order that aU 
the stearoptene of the flowers may be deposited. Glycerine, concen- 
trated and inodorous, has been proposed by Bimmel as superior to 
paraffin, on account of its fluid condition. Vaseline or cosmoline, ex- 
tracted from petroleum residues, presents a great analogy to paraffin, 
except in having a consistence nearer that of glycerine. Vaseline has 
several advantages, and has been largely used ; it very readily absorbs 
the odours of those flowers which can be treated by heat. But there 
are many flowers which cannot be so treated, and it has been found 
that the alcoholic extracts made from impregnated vaseline rapidly 
lose their odour, even at the end of a month. On the whole, it is probable that the application of 
vaseline to enfleurage will be far less wide than was at first supposed. 

Solvents. — The extraction of essential oib by means of solvents consists of three successive 
operations : — (1) Solution of the oil by passing the solvent over the flowers placed in a percolator ; 
(2) distiUation at a low temperature of the liquid obtained, to remove the wax mixed with the 
odoriferous body ; (3) evaporation of the last traces of the solvent in a water-bath. The solvent 
may be ether, chloroform, carbon bisulphide, petroleum-spirit, &c. Prof. Vincent, in combination 
with a perfumer named Massignon, has adopted chloride of methyl as a solvent for extracting essen- 
tial oils, the chloride being previously treated in the gaseous state with concentrated sulphuric acid, 
to remove malodorous impurities. The oil-yielding body (flowers, 4c.) is repeatedly digested for 
2 minutes with charges of liquid chloride in a close vessel, the impregnated chloride passing into a 
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leceivep ; flniUly all traces are pnmped from the digester into a vessel where the chloride Is liquefied 
by cold compression ; a jet of steam is passed through the exhausted mass of flowers to drive out the 
chloride retained by the traces of water in the flowers. The liquefied saturated chloride is evaporated 
in vacuo, leaving the essential oil in the waxy and fatty residues. The essential oil is removed from 
the mass by treatment with cold alcohol. Apparatns capable of dealing with 1 ton of flowers daily 
has been erected on this principle at Cannes, S. France. 

In America, Prof. Seeley’s method of applying gasoline as a solvent of essential oils has been 
largely used for extracting the valuable principle of hops. 

Expression and Scarification. — Such processes as are described in this section are adapted only 
to materials yielding a large proportion of essential oil, such as the fruits of the Citrus genus. The 
simplest form is the so-called “ sponge-process.” The peel is first cut off the fruit in 3 thick longi- 
tudinal slices, leaving the central pulp of triangular shape, with a little.'peel at either end ; the 
central pulp is cut transversely in the middle, and thrown on one side, while the peel is collected 
on the other. The latter is left till next day, then treated thus — A seated workman holds in the 
palm of his left hand a flatfish piece of sponge, lapped round his fore-finger. With the other hand, 
he places a slice of peel upon the sponge, the outer surface downwards, and presses the uppermost 
(zeste-) side, so as to give it a convex instead of concave surface. The oil vesicles are thus rup- 
tured, and the oil which issues from yiem is absorbed by the sponge with which they are in contact. 
Each slice receives 4-5 squeezes, and is then thrown aside. The workman carefully avoids pressing 
the small bit of pulp attached to each slice. As the sponge becomes saturated, it is forcibly wrung 
ont into a coarse earthenware bowl, provided with a spent, and of a size to hold at least 3 pints ; here 
the oil separates from the watery liquid accompanying it, and is decanted. Despite its apparent 
rudeness and wastefulness, this process is capable of affording an excellent article; it is em- 
ployed chiefly for treating lemons. 

Another implement adopted with both lemon and bergamot is known as the ecuelle d piques. It 
is a stout pewter saucer, about in. wide, with a lip on one side for convenience of pouring. The 
bottom is covered with stont, sharp, brass pins, standing up about } in., the centre being deepened 
into a tube about ^ in. in diameter and 5 in. long, closed at the lower end. The whole resembles a 
shallow funnel, with the tube stopped up at the end. The peel is held in the hand, and rubbed 
over the ptns, by which the oil-vessels of the entire surface are punctured ; the liberated oil flows 
down into the tube, which is emptied at intervals into another vessel, where the oil may separate 
from the turbid watery liquid accompanying it 

A modified form of the icueile, for extracting bergamot-oil from the full-grown, but unripe, entire 
fruits, is constructed as follows. The fruits are placed in a strong metallic dish, about 10 in. wide, 
having a raised central opening, forming with the outer edge a broad groove or channel, and covered 
with a lid of similar form. The inner surfaces of both dish and lid are provided with a number of 
narrow, radiating, metallic ridge-blades, about J in, high, and resembling knife-backs. The dish 
is also perforated to permit the outflow of the oil, and both dish and lid are arranged in a metallic 
cylinder, placed over a vessel to receive the oil. By a simple set of cog-wheels, a handle causes the 
cover, which is very heavy, to revolve rapidly over the dish ; the fruit lying between the two is 
carried round, and simultaneously subjected to the action of the sharp ridges, which, rupturing the 
oil-vessels, set free the oil to flow out by the small holes in the bottom of the dish. Some 6-8 or 
more fruits are dealt with at once, and are kept under operation for about J minute ; about 7000 
fruits can thns be treated in one such machine per diem. 

Distillation. — The oleiferons material is placed in an iron, copper, or glass still, of 1-1000 gaL 
capacity, and is covered with water ; superposed is a dome-shaped lid, terminating in a coil of pipe, 
placed in a vessel of cold water, and protruding therefrrom with a tap at the end. On boiling the 
contents of the still, the essential oil passes over with the steam, and is condensed with it in the 
receiver; the oil and water separate on standing. A great improvement, introduced by Drew, 
Hey wood, and Barron, is the use of a steam-jacketed still, as shown in Fig. 1041. Steam is 
supplied from a boiler by the pipe a into the jacket b; within the head of the still, is fixed a 
“rouser” c, a double-branched stirrer curved to tte form of the pan, and having a chain attached 
and made to drag over the bottom, the whole being set in motion by means of the handle d. The 
still is charged, and nearly filled with water ; the head is then bolted on, steam is admitted into the 
jacket, the contents are well stirred, and soon the oil and steam are carried up the pipe e, condensed 
in the refrigerator/, and let out at g into the receiver h. Here the oil and water separate, and 
escape by different taps. In the illustration, it is supposed that the oil obtained is heavier than 
water ; it will then sink, and be drawn out by the lower tap «, and, as soon as the water reaches the 
level of the upper tap k, it will flow into the syphon-funnel i, and thence into the still. Thus the 
same water is repeatedly used in the still. The pipe m conveys cold water into the refrigerator / ; 
the water escapes as it becomes hot by the pipe n. When the oil distilled is lighter than water, the 
taps ik exchange duties. Before commencing operations, the siphon I is filled with water to 
prevent the escape of vapour. 

5 A 
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An apparatos recently constmoted by Bigand and Dnssart is arranged so that dry steam enters 
directly among the matters to be distilled, and the temperature is always maintained at a high 
point. This is shown in Fig. 1(H2. It is claimed to yield a larger and superior product, and to 
prevent all chance of creating an empyreumatic odour, such as sometimes happens with other 
forms. 

Distillation as a means of obtaining essential oils is worthy of every consideration. Genei^ly 
it shonid be effected by steam ; but there are cases (bitter almonds, &c.) where contact with water is 
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necessary for the prodnction of the oil, vhile in 
others, open fire and steam are equally appli* 
cable, though the latter is superior. The water 
employed must be perfectly pure and neutral, 
though in some cases (sassafras, clores, cinnamon, 

&c.), common salt is added to raise the boiling-point. The receiver is always some form (there are 
many) of “ Florentine receiver.” In some instances (anise, &c.) where the distillation-products are 
Bolidifiable at a low temperature, the condenser-worm needs to be warmed instead of cooled, , 
Maceration. — Some of the most 
delicately perfumed essential oils are 
spoilt by distillation ; these are ex- 
tracted by maceration in previously 
clarified solid fats or fixed oils. The 
grease to be perfumed is melted in a 
water-bath, and the flowers are thrown 
in, and allowed to remain for 24-48 
hours, when they are withdrawn, freed 
from grease, and replaced by others, 
the operation lasting perhaps 15 days, 
and the product being numbered 6, 

12, 18, 24, according to the amoont of 
fragrance it has absorbed. Difficulties 
eucoimtered in the conduct of the 
operation are the possible extraction 
of the colonriug and other principles 
from the flowers, and the decompo- 
sition of the perfume and rancidifica- 
tion of the grease, by the repeated 
alternation of heat and cold. To obviate these drawbacks, Fiver has introduced the saturator 
shown in Fig, 1043. This enables some 2100 lb. of grease, contained in 7 compartments, to be 
saturated in one day ; the grease overflows by a spout leading from one compartment to another at 
the bottom, being k^t in a liquid state by a water-bath meanwhile. Boxes of wire gauze carry 
the flowers, and advance in a contrary direction to the grease, each entering Ko. 7 and finally 
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leaving No. 1 qaite exhausted. This opposite passage brings the virgin oil into contact with 
the flowers which are nearly exhausted, while the already partially impregnaM grease readily 
absorbs some of the excess of essential oil from the fresh flowers. 

Refining, Clarifying, and Bleacliing. — The various processes under this head may 
at first be broadly divided into “mechanical” and “chemical,” although each, especially 
the latter, is capable of many subdivisions. They have for their object, firstly, the removal 
of all extraneous matters from the oil (using this term to include melted fats, as well as oils 
fluid at tlie ordinary temperature, since almost all these operations are conducted upon fluids), 
such as animal or vegetable fibre and tissue incidental to the modes of preparation (as in olive- and 
other seed-oils, badly-rendered tallow, &c.) ; secondly, of resinous substances dissolved in the oil, 
of which the refining of cotton-seed-oil is a notable example : thirdly, the removal of fraudulent 
admixtures, such as lime, glue, &c.; fourthly, the correction of rancidity; and fifthly, where the 
preceding operations do not sufficiently improve the colour of the oil, its bleaching by chemical 
processes. These will now be considered under their various heads, and it is obvious that much 
care and judgment are required in the selection of the particular method or combination of methods 
suitable to the refining of any given oil. 

The first and most important method, to be employed either alone, or as a sequel to others, 
is that of simple but prolonged subsidence, on a large scale. Where necessary, the tanks employed 
may be heated by steam-coils or steam-jackets. These must be used with caution, however, since con- 
vection currents are set up, which interfere materially with the deposition of impurities. An obvious 
modification of this method is filtration, which may be efiected in a very great variety of ways, either 
with or without the assistance of artificial pressure derived from (a) a “ head ” of the liquor to be 
filtered, (6) one of the many forms o^filter-press in use, or (c) atmospheric pressure, by the production 
of a vacuum ujider the filter-bed (see p. 307) For example, olive-oil is mostly subjected to no process 
of purification, beyond what is attained by allowing it to deposit impurities, and repeatedly decanting. 
But for the best qualities, further purification is necessary, not only to secure limpidity, but 
a capacity for lengthened preservation, by eliminating the water, mucilage, and parenchymatous 
matters. Various devices are employed in different localities, one and all being filters. In France, 
the oil to be purified is received into perforated boxes carpeted with carded cotton (wadding) ; 
elsewhere, cotton tissue interposed between beds of granular and washed animal charcoal form the 
filter ; also a bed of dry moss, on the ‘ Grouvelle et Jaunez ’ system ; also layers of sand, gypsum and 
coke ; also alternate beds of sand and vegetable charcoal, according to Denis de Montfort’s plan ; 
also carbonized schist and peat, by Cossus’ method ; also clay heated to 200° ( ? F.), as proposed by 
Wright ; also by introducing China-clay and allowing to stand at a moderate temperature, then 
filtering through cotton, as adopted by A. Bizzarri. Perhaps the best mode is that of Pietro 
Isnardi, of Livomia, Tuscany, which received an award at the Vienna Exhibition. This apparatus. 
Fig. 1044, consists of a boiler full of water, serving as a water-bath for two turned-iron cylinders 6, 
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receiving the oil from the reservoir c, a suction- and force-pump d, and a filter e, containing per- 
forated trays whose holes are filled with wadding. This apparatus enables the oil to be filtered 
without coming into contact with the air, and at an elevated temperature which can be regularly 
maintained. Coco-nut-oil is another example of purification by simple subsidence and filtration. 

Where filtration fails to remove impurities, recourse may be had to the action of acids or alkalies 
upon them. There are several methods of applying mineral acids to the purification of oils. Thenard’s 
process consists in gradually adding 1-2 per cent, of sulphuric acid to oU previously heated to 38° 
(100° F.), aud mixing by constant agitation. When the action of the acid is complete, the oil, after 
24 hours rest, appears as a clear liquid, holding floeculent matter in suspension; a quantity of 
watCT heated to 60° (140° F.) equal to about f of the oil is added, and the mixture is well agitated 
until it acquires a milky appearance. It is then allowed to settle for a few days, when the clarified 
oil rises to the surface, while the floeculent matter falls to the bottom with the acid Uqnid. The oil 
is then drawn ofi^ and washed in another vessel by agitation with half its bulk of warm water ; but 
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it Teqnires to be filtered to make it perfectly clear. This process is largely used for refining linseed- 
oO. 

Cogan operates npon about 100 gal. of oil with about 10 lb. of sulphuric acid, previoruly 
diluted with an equal bulk of water. This mixture is added to the oil in three portions, the oil 
being well stirred for about an hour after each addition. It is then stirred for 2-3 hours to ensure 
perfect mixture. After being allowed to stand for 12 hours, it is transferred to a copper boiler with 
a perforated bottom, through which, steam enters and pas.ses in a finely divided state through the 
oil, raising it to the temperature of 100° (212° F.). This is continued for 6-7 hours, and the oil is 
transferred to a cooler, shaped like an inverted cone, terminating in a short pipe, and provided with 
a stop^cock at the side, a little distance from the bottom. After standing till the liquids are 
separated, generally about 12 hours, the acid liquor is drawn off through the pipe at the bottom, 
and the clear oil by the stop^cock in the side of the cooler ; all below this tap is generally turbid, 
and is clarified by subsidence, or mixed with the next portion of oil. 

These acid processes are eflBcient when well conducted, but too much or too little-acid may spoil 
the product, because, as moat of them depend for their action npon the fact that strong sulphuric 
acid chars organic substances by the removal from them of the elements of water, it chars the fibre 
in the oil first, but if more acid than necessary for tliis be present, it attacks the oil itself, and oil 
thus stained by charring cannot be completely decolorized again. 

On this account, perhaps, more general preference seems to be accorded to alkaline processes. 
Evrard’s, which is chiefly applied to colza- and rape-oils, is as follows. The oil, drawn cold, or at 
very slight heat, is well crutched up with a weak lye of soda or potash, and allowed to settle. 
Two layers soon form — a neutral oil floating on an alkaline liqnid, a mixed emulsion intervening. 
The alkaline liquid is drawn oflf, and repl.tced by slightly alkaline water, and the whole is left to 
settle. This is repeated a few times with clear water, till the liquid at the bottom of the settlers 
is only slightly milky. The oil is drawn off and filtered, and is superior to oil purified by sulphuric 
acid, being much less corrosive to metal. The turbid residual waters are treated with acid, and 
give a greasy product fit for soap-making. A much simpler alkaUne method adopted in Italy for 
olive-oil is to add 400 grm. of ammonia, diluted with 800 grm. of water, to every 100 kilo. Of oil, 
agitating thoroughly, allowing to stand for 3 days, and then decanting and filtering. 

One of the most remarkable impurities in fats, arising from methods of preparation merely, is 
that of lime in bone-fat. This fat has the power of dissolving considerable quantities of lime-salts, 
especially phosphate and carbonate. No amount of subsidence or filtration will remove them, and 
their presence in a soap-copper is most objectionable. It is greatly to be desired, therefore, tliat 
English makers of this fat would follow the example of their American confreres, and boil their 
bone-grease, after removal from the extractors (p. 1449), with a weak solution of sulphuric acid, in 
lead-lined wooden tanks. This removes all the lime, in the form of sulphate, which deposits on 
the floor of the tank after due subsidence ; it also removes the gelatine and extraneous water 
entangled in the bone-fat, which cause the crude grease to froth greatly when heated. 

A good example of the removal of resinous substances from oils is afforded by the process 
adopted for refining and bleaching cotton-seed-oil, an industry which has enormously developed both 
in England and the United States, within the last 15 years. When freshly expressed from new seed, 
this oil is of a light-claret colour, which darkens by long keeping, in which case also, the oil becomes 
more viscid, probably from oxidation of some of its constituents. The colouring matter is almost 
entirely resin, which may be removed by agitation at about 60° (140° F.) with solution of carbomate 
of soda. It is found in practice, however, that a much better result is obtained by the use of s 
caustic alkali — solution of soda, potash, or, in some rare cases, milk of lime. The amount of alkali 
thus employed depends entirely upon the quality of the crude oil, and is best determined by a pre- 
liminary experiment upon a small scale. A solution of caustic soda at about 1 • 10 sp. gr. is a suitable 
strength. Agitation must be thorough, and may be effected by any convenient mechanical means. 
The process is a rapid one ; if the saponaceous liquid does not readily separate from the oil, the 
addition of a little brine will cause it to do so. The operation is ,often divided into two or three 
stages, and occasionally the refined oil is bleached by one of the oxidation processes, such as by 
chloride of lime. After all the refining, it should be washed with warm water, allowed to settle, 
and decanted, or filtered at as low a temperature as possible, especially if an oil be desired that will 
remain fluid at a low temperature. This process will answer well for any resin-containing oil. 
The imperfect soap, after removal, is treated with enough mineral acid to remove aU the soda, and 
the resulting mixture of resin, fatty acids, and neutral oil is distilled with superheated steam (see 
Candles) for the manufacture of fatty acids, the resin being left in the still as pitch. The chief 
seat of this industry in England is at Hull. In the United States, the quantity of resin is so 
that the “ foots" from the cotton-seed-oil refineries are made into a curd soap (see Soap). 

For the removal of fraudulent admixtures from commercial oils, no general rule can be given ; 
but subsidence, filtration, and bofling with weak sulphuric acid, will generally effect the desired 
result. Special methods are best sought under the head of Detectiou and Analysis, pp. 1462-77. 
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EEFINIKG, CLAEIFYING, AND BLEACHING. 

Metiiods for correcting rancidity in oil are as follows : — (a) Agitation with 5 parts of good 
vinegar, repeating the operation several times. (6) Agitation (5-6 times) of 50 parts of oil with 80 
parts of water at 30° (86° F.) holding 12 parts of common salt in solution, (a) To 100 Hires of oil, 
are added 2 iilo. of calcined magnesia ; the mixtore is agitated 1 times daily for } hour each time 
fur 6 days; the oil is then filtered; it must be quickly used, or it will become rancid again. 
(d) Agitation with a weak solution of caustic alkali, or a moderately strong one of an alkaline 
carbonate, (e) Prolonged agitation with water. 

Host of the processes for refining and bleaching oils also deodorize them to a certain extent 
As many of the odorant principles are more volatile than the oils, they may occasionally be 
removed by merely heating the oil in a closed vessel provided with an exit-pipe. For destroying the 
disagreeable smell of coco-nnt-oil for soap-making, it is recommended to boil it in a wooden vessel 
by free steam on water containing 6 lb. sulphuric and 12 lb. hydrochloric acid to each ton of oil. 
Prolonged steaming will sometimes remove the unpleasant o<lour characteristic of oily distilled 
products. 

Many plans of decolorizing oils are in vog;ne:— (a) Exposure to sunlight in large white glass 
bottles ; the oil soon becomes colourless, but acquires an almost rancid flavour. (5) Agitation with 
2 per cent, of a solution of permanganate of potash ; bleaches eftectually, but also leaves a bad 
flavour, (c) The oil is first agitated with water containing gum, and to the emulsion thus formed, 
is added coarsely crushed wood-charcoal ; the whole is then slowly warmed to a degree not reaching 
100° (212° F.), and when cold, the oil is dissolved out by etlrer or petroleum-spirit, and the latter 
is recovered by distillation ; the result is good, (d) A process much recommended is to pass 
nitrous acid gas throngh the oil. (e) The oil (500 parts) is clarified by addition of 50 parts of 
China-clay and 50 of water. (/) In some cases, it is found advisable to use the coagulation of 
albumen in clarifying oils. The oil to be treated is mixed by agitation at the ordinary air-tempera- 
turo with a weak solution of albumen in water. The whole is then gradually heated, most 
conveniently by steam, and when hot enough to coagulate the albumen, this latter collects in clots, 
enclosing particles of impurity ; after the lapse of sufficient time, these clots subside, and the 
clarified oU is removed by decantation. The process is analogous to that of the refining of syrups 
by serum of blood. 

Many oils are partially or completely decolorized by filtration through, or agitation with, 
freshly-burnt animal-charcoal or bone-black. The apparatus for filtering is similar to that 
employed in sugar-refineries (see Sugar), aud consists essentially of tall wrought-iron cylinders 
filled with bone-black, and provided with a steam-jacket to control their temperature. When the 
charcoal ceases to decolorize, it should be treated with some solvent (bisulphide of carbon, or 
petroleum-spirit) to remove the oil, before it is revivified by calcination. 

Most processes for the bleaching of oils depend upon the oxidization of the colouring matter by 
some suitable reagent, chiefly evolving nascent oxygen in some form. There ore, however, 
instances known in which the colour is destroyed by a reducing agent, such as sulphurous acid, in 
an aqueous solution, as gas, or arimng from the decomposition of an alkaline hyposulphite (e. g. 
that of soda) by a strong min eral acid. It may be laid down as a general role that oils which have 
been burnt or charred by any previous process cannot be satisfactorily bleached. Experiment 
alone can determine the particular process best suited to any given oil, having regard to the 
purpose for which it is to be used. The utmost care is required in using any oxidation process for 
fets intended to be converted into soap, since if the fat be oxidized in any perceptible degree, as 
well as tlie colouring matter, (i.e. if too much of the bleaching reagent be used), the resulting 
soap will often be worse in colour than if the fat had not been bleached at all. 

Palm-oil and tallow are the two chief fats bleached by the soap-maker. Both may be bleached 
by pumping air into them in finely divided streams, while they are kept at about 82°-93° 
(18(i°-200° F.). The c^our of tallow may also be removed by boiling upon a solution of chloride 
of lime, or of chlorate of potash, to which a strong mineral acid has been added. No more potassic 
chlorate than O'l per cent, on the tallow should be employ ed- 

Experiment has shown that the colour of palm-oil may be quite destroyed by heat. To effect 
this, the oil may be kept for some hours at about 127° (260° F.), or it may be put into a closed, 
horizontal, iron cylinder, and heated by a fire beneath up to about 240° (464° F.), at which 
temperature the colour is destroyed. This process gives rise to most offensive vapours, especially 
acrolein, and necessitates the conduct of operations in a closed vessel, with suitable means of 
condensing the vapours and rendering them innocuous, such as have been already alluded to under 
Floor-cloth (p. 1004), and elsewhere (pp. 1272-6, 1449). 

Palm oil may also be very suitably bleached by bichromate of potash and hydrochloric acid. The 
oil is made as free as possible from impurities, and, at about 49°-54° (120°-130° F.), is agitated 
with a strong solution of bichromate of potash, containing about 1 lb. of the salt to every 1 00 lb. of 
oil. To this, is added enough hydrochloric acid to form sesquichloride of chromium with all the 
chromium in the bichromate of potash, the quantity of liquid acid necessary of course varying a ith 
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the amoimt of real acid contained in it. A slight excess of acid is rather an advantage than 
otherwise. The process oocnpies abont an honr, after which, subsidence removes most of the 
chemicals, while subsequent agitation with hot water renders the oil quite pure enough for the 
soap-copper. 

Detection and Analysis. — The ordinary solid fats and fixed oils (with the exception of butter 
and a few others) may be looked upon as mixed glycerides of oleic, stearic, and palmitic acids, in 
various proportions, the first preponderating in the oils, and the two last (especially stearine) in the 
fats. For ordinary purposes, there are therefore the following constituents to deal with ; — 
(1) Moisture, especially in butter and palm-oil ; (2) organic suspended matter, such as curd in 
butter ; (3) mineral matters, such as salt in butter ; (4) total fatty acids, in any ordinary oil or fat ; 
(5) oleic, stearic, and palmitic acids, in any ordinary oil or fat ; (6) soluble and insoluble fatty acids, 
only necessary in butter, and the few exceptional fats similarly constituted ; (7) glycerine, from 
which to calculate the glyceryl in the fat; (8) possible presence of paraffin-wax and mineral 
oils. 

A. Ordinary Examination of Fats. (1) Estimation of Moisture in Fats . — 25 grm, of the fat are 
weighed into a carefully tared porcelain dish, which is then placed over a low gas-flame, and stirred 
with a thermometer, taking care that the temperature is maintained above 100° (212° F.), but not 
exceeding 110° (230° P.). This is continued until no more bubbles of vapour escape, indicating 
that all the moisture has been expelled ; the whole is then allowed to cool. When cold, the ther- 
mometer is carefully drawn out, and any fat remaining attached to it is scraped oflf and returned. 
If, however, an instrument with a long narrow bulb be used, and it be carefully loosened by gently 
turning it round, usually no fat will adhere on withdrawing it. The dish plus the fat is then 
weighed, and the tare being deductetl, the remainder is the dry fat in the 25 grm. taken, which, 
multiplied by 4, gives percentage of pure fat, and the difference between that and 100 represents 
the percentage of moisture. 

(2) and (3) Estimation of Organic and Mineral matters present as Impurities in Fats. — This applies 
to the estimation of curd and salt in butter, and of fibrous and mineral impurities in oils and fats, 
and is thus conducted. The contents of the dish already used for moisture are melted, and the 
melted fat is poured off as far as possible without disturbing the sediment. Some petroleum-spirit, 
rectified at a temperature not exceeding 87° (188J° F.), is poured into the dish, and the whole is 
well stirred, and transferred to a previously weighed filter. By means of successive portions of 
petroleum, the whole of the contents of the dish are washed on to the filter, and all traces of fat 
are completely washed away from the other matters, which remain on the paper. The filter is then 
dried at 100° (212° F.), weighed, and the tare having been deducted, the remainder is organic 
matter plus mineral matter (or, in a batter, curd plus salt). 

The filter and contents are then transferred to a previously weighed platinum crucible, and 
heated for some time to dull redness, till the ash becomes greyish-white. The crucible and ash are 
weighed, and the weight of the former being deducted, the difference is mineral matter (or, in a 
batter, salt). The mineral matter thus found is deducted from the former result, and the difference 
is the organic matter, and each multiplied by 4 gives the respective percentages. 

(4) Estimation of the total Fatty Acids in any ordinary Fat or Fixed Oil not containing Glycerides of 
Soluble Acids . — This process, which is also applicable to the estimation of the total insoluble acids 
in a fat containing glycerides of soluble acids, divides itself into two heads, as follows : 

(o) Preparation of the sample.— If the sample be a perfectly clear and dry oil, it is at once 
ready for use ; but if it be at all turbid, or if a solid fat, a portion must be placed in a tube and 
kept in the water-oven below 100° (212° F.). until any moisture and heavy suspended impurities have 
settled to the bottom. A well-dried filter-paper is then placed in a funnel over a dry beaker also 
in the water-oven, and the nearly clear upper portion of the melted fat is filtered, until a sufficient 
quantity is thus obtained fit for analysis. • 

(8) Process of analysis.— A perfectly clean and dry 5-oz. flask is accurately tared on the balance 
and 5 grm. of the melted fat are carefully weighed into it. (It is not important exactly to a frac- 
tion, but as nearly 5 grm. as possible should be taken, and, in any case, the weight must be noted with 
great care.) To this, are then added about 30 c.c. of methylated sphit 60 o.p., and a fragment of 
caustic potash weighing about 2 grm., and the flask is then placed in a basin of boiling water until 
the whole of both fat and potash have dissolved, and the addition of a little water produces no 
permanent turbidity, which will be attained within 10 minutes, as a rule. The contents of the flask 
are then poured into a basin, and the flask is washed out with repeated quantities of boilino- d" 
tilled water, until the contents of the basin measure about 250 c.c., and no trace of soap rematas 
the flask. The basin is then placed over a low gas-flame, and evaporated till it ceases to gtve^off 
spirituous vapours, a little boUing distilled water being added, if necessary, to prevent too^tn-eat a 
loss by evaporation. The contents of the basin are then transferred to a 600-c.c. flask (1 pint si 1 
the basin is washed with boiling water, and the washings are added to the flask. A slight 
of hydrochloric acid is then added, the whole is boiled, and shaken with a circular motion imtil^ 
perfectly clear layer of fatty acids separates on the surface, and is set to cool. If the acids solidify 
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on cooling to a good solid cake, well and good ; but if not, a carefully weighed quantity of pure 
white wax must be added, and melted with the layer of fatty acids, so that, on cooling, they solidify 
firmly. This is always necessary in the case of oils, but not usually with solid fats. The mouth of 
the flask is then covered with a piece of ordinary cambric, held in situ by an indiarubber ring under 
the lip, so as to form a filter, and, the cake having been detached from the flask by a gentle motion, 
the watery liquid is poured off. Some boiling distilled water (about 200 c.c.) is then poured into the 
flask, and the whole is again boiled, well shaken, and cooled. The liquid below the cake is passed 
through the cambric as before, and this washing is repeated until the fluid collecting below the cake 
ceases to give a cloud with argentic nitrate. Care having been taken that, at the last pouring off, 
the cake has not been at all broken, the flask is inverted, and left to drain for the night with the 
cambric still attached. In the morning, the flask is placed in the water-oven till the cake has 
thoroughly melted, the cambric is removed, and the fat is then carefully poured into a dry and 
accurately tared platinum capsule, dried in the water-oven at 100° (212° F.), and weighed. The 
cambric is put into the flask, and the fat still adhering to both is washed out with small successive 
quantities of petroleum-spirit into a previously weighed small beaker. The petroleum is then 
evaporated off on the water-bath, the residual fat is weighed, and its weight is added to that of the 
main quantity already weighed in the capsule. The united weight then represents the total fatty 
acids in the quantity of fat taken, and is calculated to percentage by multiplying by 100, and 
dividing by the weiglit taken for analysis. It sometimes happens that an obstinate little globule of 
water forms below the melted acids iu the weighing-capsule, and refuses to dry up ; but this is 
easily removed by adding a little absolute alcohol, and again drying in the water-oven. The 
alcohol thus used cariies off with it in volatilizing the little trace of moisture remaining. 

(5) Estimatimof the Oleic, Stearic, and Palmitic Acids. — To do this, advantage is taken of the solu- 
bility of oleate of lead in ether, so enabling its separation from the stearate or palmitate of the same 
metal. As formerly conducted, this was a tedious and not over accurate process ; but by the 
apparatus and process devised by Dr. Muter, the estimation is rendered simple. Three cases pre- 
sent themselves, as follows ; — 

(o) For the Oleic Acid in non-drying Oils and Fats. — A small quantity (not more than 1 • 5 yrm.) 
of the purified fat is saponified by alcoholic potash in a flask, washed into a basin with boiling 
distilled water, and the alcohol is removed by evaporation, all as described before in the estimation 
of the total fatty acids. The solution is kept boiling, and treated with acetic acid, drop by drop, 
until a decided permanent turbidity is produced ; dilute solution of caustic potash is then added by 
drops, with constant stirring, until the liquid just clears again. 

The clear solution is then precipitated by plumbic acetate in 
slight excess, and stirred until tlie precipitated soap settles 
thoroughly. The supernatant liquor is poured off, and the soap 
is at once washed by boiling with a large volume of distilled 
water, and decanting. By this process, are obtained the perfectly 
neutral lead salts, containing Plumbic oleate (Pb2C„H3302), 
plumbic palmitate (Pb20,3H3,0j), and plumbic stearate 
(Pb2C,,H,j03). The first is readily soluble in ether ; the two 
last are quite insoluble. The soap is scraped from the basin 
with a platinum spatula, and transferred to a flask of 100 c.c. 
capacity. The basin is rinsed into the flask with absolute 
ether, and then the flask is filled up with the same solvent, 
corked, shaken at intervals for some hours, and finally set to 
subside. The whole is then filtered through white blotting- 
paper, and the precipitate is washed with ether, till the wash- 
ings cease to blacken with ammonium hydrosulphide. The 
filtrate and washings (which should not exceed 200 c.c.) contain 
the plumbic oleate, while the palmitate and stearate remain on 
the filter. Having thus got a solution of pure neutral oleate 
of lead in ether, it is transferred to a long tube of 250 c.c., 
graduated from the bottom upwards, furnished with a well- 
ground stopper, and having a stopcock placed at 50 c.c. from 
the bottom (Fig. 1045). About 20 c.c. of a mixture of one part 
hydrochloric acid and two parts water are then added; the 
tube is stoppered, well shaken, and set to subside, when a 
clear solution of oleic acid remains, the plumbic chloride sink- 
ing to the bottom. When sufficiently settled, a fixed portion 
of the ethereous solution is run off through the stopcock into a tared platinum dish, evaporated 
at a gentle heat, then dried at 100° (212° F.), and the oleic acid is weighed and calculated to 
the whole bulk. To make sure, it is well to run off two different quantities, and weigh them, so 
checking one by the other. 




14j64 


OILS AND FATTY SUBSTANCES. 


1047. 


(fi) For the Oleic Acid in drying Oila. — The process is condncted in a precisely similar manner np 
to the point where the whole has settled in the tnhe. A definite portion of the ethereons liqnid is then 
mn into a perfectly dry wide-monthed flash of abont 6 oz. capacity, carefully fared on the balance. 
The flask (Fig- 1047) is then fitted with a cork a, through which pass two tubes, one going down nearly 
to the surface of the liquid, and the other just passing through the cork. To the long tube, are attached 
t wo U -tubes c, filled with freshly-ignited 
chloride of calcium; to that again, is 
joined a gas-bottle b, in which a steady 
stream of hydrogen is generated from 
zinc and dilute sulphuric acid. When 
the air has been expelled from the flask 
by the stream of dry hydrogen, a basin 
is placed under it, and warm water is 
poured into the basin, so as to cause the 
ether to evaporate. When the ether is 
nearly gone, the water in the basin is 
kept boiling till the ether is entirely 
evaporated (i. e., till no more smell of 
ether is observable at the month of the 
exit-tube). The basin is tlien removed, 
and the flask is allowed to cool (still 



keeping np the stream of hydrogen); when cold, it is detached and weighed, and, the tare being 
deducted, the weight of oleic acid is calculated to percentage. 

( 7 ) For the Stearic and Palmitic Acids.— The residue left on the filter, after extraction with ether 
is carefully scraped off, and heated for some time (with constant stirring), which will liberate the 
^ids, so that they will, on cooling, form a cake; this is washed, dried, and weighed, as described 
in section (4). The filter-paper is also to be burned in a weighed porcelain crucible, and the ash 
treated with a drop or two of sulphuric acid, and again ignited. After cooling, the crucible is 
weighed, and, the tare being deducted, leaves the equation— as 303 : 568 : : the weight of the 
residue ; the answer, added to the weight of the cake already found, gives the total solid fatty acids 
(stearic and palmitic), which is then calculated to percentage. If it be desired to find the approxi- 
mate proportion of each of these acids, the process is as follows. Several glass tubes are drawn out 
at one end to a long thin point, as in Pig. 1046 (natural size). The cake of mixed acids is then 
melted, and a little is sucked up into a pair of such tubes, until the drawn-out parts are entirely 
filled, and both are allowed to cool. They are then suspended side by side with a delicate thermo- 
meter, in a small beaker filled with water, taking care that the thermometer has a lon^ narrow bulb 
pla.^ exacUy ^tween the two tubes. Heat is now applied to the beaker, and at the moment that 
the fat m the thru tubes becomes transparent, the degree of beat is read off. The whole is allowed 
to cool graduaUy, and the temperature is again read at the moment of resolidification. By refer- 
ring to the following tables, an approximate result is obtained. ^ 


Table or the Meltihg- and Soudifting-points op Mixtcbes op Steabic and 

Palmtio Acids. 


Stearic Acid» 
proportion by weight 

Palmitic Add, 
proportion by weight 

Mixture melts at 

Mixture resolidifies at 

90 

80 

70 

60 

50 

40 

35 

30 

10 

20 

30 

40 

50 

60 

65 

70 

67-2° (153° P.) 
65-3° (149i" F.) 
62-9° (145i° F.) 
60-3° (140i° F.) 
56-6°(133i° F.) 
56-3° (133i° F.) 
55-6° (130i° F.) 
55- 1° (131° F.) 

62-5° (144i°F.) 
60-3° (140|° F.) 
59-3° (138|°F.) 

56 -5° (133}° F) 
55-0° (131° F.) 
54-5° (130° F) 
54-3°(129}°P.) 
54-0°(129}° F.) 


It should be mentioned that this table is by no means certain when the mixtures e,e • 
other proportions. Thus, a mUture of 10 stearic and 90 palmitic wiU show a ineIHe„ ^ 
(140io F.), but its cooling-point wiU be about 54-5o (IsTf.), instir^f gg 5 ° (IM VI 
even to get fair approximation, both the melting- and the resolidify ins-noints 
stearic acid melts at 69-2° (156i°P.). PomU must be taken. Pure 

(6) Analysis of Fats containing Glycerides of both Soluble and Insoluble Fatty Acids -The 
raUy fat m ^ries is butto, which has to be distinguished from theLS bu«rr 

manufactured from solid beef-suet. and known in commerce as « oleo-margarine » » 
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(see p. 1362). Bemarks will theiefoie be specially directed to this subject, merely pointing ont that 
the same process would be available for coco-nut and palm-nut-oils, or any of the few other fats 
containing soluble acids. Suet, and the artificial butter mannfactnred from it, will yield on melting, 
settling, and filtering, a fat containing abont 95'5 per cent, of insoluble fatty acids ; but the fat of 
butter will be found to possess on an average very nearly the following composition : — Insoluble 
fatty acids ’(chiefly oleic and margaric), 88 ; soluble fatty acid (calculated as butyric), 6 ; total, 94. 
From an estimate of both the soluble and insoluble acids, it follows that deficiency of the former 
and excess of the latter gives a good basis for detecting adulteration. This may be done in two 
ways, viz., by specific gravity, and by analysis. 

(a) Examination of Butter by “ actual density.” — ^The term “ actual density ” was applied by 
Dr. Muter to this method as meaning the weight of any given volume of butter at 37 ’8° (100° P.), 
divided by that of the same volume of distilled water at the same temperature, to distinguish it 
from ordinary sp. gr. compared with water at 15J° (60° P.). The actual density of pure butter 
ranges from 0’912 to 0‘914, while that of butterine is 0'903-0‘906. Consequently there is a 
difference on the lowest estimate of C'006, and an approximate judgment can be made as follows : — 
All butter, 0’912 or over ; | butter, 0'910 ; } butter, 0'909 ; butter, 0'908 ; all butterine, 0'906 
or under. It is, however, customary to pass as “ good,” butter having an actual density of anything 
over 0'911, because, by keeping, the density increases; bnt, to cause a fall below this point, it 
would require a degree of rancidity so great as to produce complete unfitness for either alimentary 
or analytical purposes. The process is carried ont as follows : — The butter is first kept melted till 
all the impurities settle down, and the clear fat is filtered, as already directed in the estimation of 
“ total fatty acids." A special sp. gr. -bottle is procured, of a pear shape, and having a thermometer 
fnsed through the stopper. The thermometer has a long narrow bulb, running right through the 
centre of the bottle, and its scale, which is from 15J to 48 • 9° (60°-120° F.), is entirely above the 
stopper. This bottle is exactly counterpoised, and is then filled with recently boiled distilled 
water at 35° (95° F.). The stopper is inserted, and the whole is at once plunged up to the neck 
into a 12-oz. squat b^ker, partially filled with distilled water at 39J° (103° P.), in which is placed 
a thermometer. As the temperature rises in the bottle, the water leaks out at the stopper, and in 
a few minutes (if the quantity of water in the beaker be properly regulated), a time arrives at which 
the two thermometers equalize themselves at 37’8° (100° F.). The joint between the stopper and 
the bottle is instantly wiped by a small piece of blotting-paper to absorb loose water, and the 
bottle is lifted out, wiped thoroughly dry, and weighed. This process having been repeated three 
times, the average weight is scratched on the bottle with a diamond, and it is then ready for use. 
The pure butter-fat, prepared as already described, is melted in the water-oven, and cooled to 35° 
(95° F.). It is then ponred into the bottle till full, the stopper is inserted, and the whole is plunged 
into the beaker of water at 39^° (103° P.). The same operations are gone through as just 
directed for the water, and the weight so obtained is divided by that marked on the bottle. The 
contrivance of having a rising fat heated by a falling water until the two equalize is the perfection 
of accuracy, and moreover gives an appreciable rest in the variation of temperature, sufficient to enable 
the excess of fat which has leaked out to be removed exactly at the required point. 

(fi) Chemical analysis for the amounts of soluble and insoluble acids. — For this purpose, the 
following reagents are necessary : — 

o. Semi-normal volumetric sulphuric acid, containing 49 grm. HjSO, per litre. This is made 
by weighing out 50 ‘6199 grm. pure oil of vitriol, sp. gr. 1 '843, and diluting with distilled water 
to 1 litre. Each c.c. of this acid will represent O' 088 grm. of soluble butter-acids, calculated as 
butyric acid, or O' 69 of soluble butter-acids on the basis that they are 90 per cent, butyric and 
the rest chiefly caproio. 

b. ■Polumetric normal solution of sodium hydrate, containing 40 grm. real NaHO per litre, 
and made by dissolving say 45 grm. of ordinary caustic soda in a litre of distilled water, then filling 
a bnrette with this solution, and running it into 100 c.c. of the volumetric sulphuric acid placed in 
a beaker, to which a few drops of alcoholic solution of phenol-phthallein have been added, until it 
produces a pink colour. The number of c.c. of the soda solution used having been noted, ten times 
that quantity is placed in a test mixer, and made up to 1 litre with distilled water. Each c.c. of 
this alkali will now represent 1 c.c. of the acid. 

c. Volumetric normal solution of potassium hydrate in methylated spirit, made by dissolving 
60 grm. of ordinary caustic potash in 1 litre of methylated spirit, checked, and made up with spirit, 
exactly as directed for the s(^ium hydrate solntioD. It is to be preserved in a well-stoppered bottle, 
and always checked again before use. 

d. An ordinary solution of barium chloride. 

The process is performed as follows : — 5 grm. of melted and purified butter-fat (as directed 
under “ total fatty acids ”) are weighed into a 5-oz. flask, 50 c.c. of the alcoholic potash (c.) are 
carefully added from a bnrette, and the whole is boiled on a water-bath for about 15 minutes, 
or until the addition of a little water produces no turbidity. This solution is washed into a long, 
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Barrow, graduated measure with successive quantities of distilled water, till the whole measures 
300 C.C., and it is then divided into two parts of 150 c.c. each. In part A, the insoluble acids are 
estimated ; in part B, the soluble. 

Part A is treated with solution of barium chloride, until no more precipitate forms ; the precipi- 
tate is collected on a filter, and well washed with warm water. It is then transferred to a “ Muter’s 
oleine tube ” (see Fig. 1 045) having a wide mouth, by washing it in with distilled water, and allowed 
to settle. As much as possible of the water is drawn otf hy inclining the tube forward and running 
off the clear water at the stopcock ; 20 c.c. of diluted hydrochloric acid (1 acid to 2 water) are added, 
together with 100 c.c. of pure ether; the stopper is introduced, the tube is well shaken, and then 
allowed to settle till the ethereous solution separates. The amount of the ethereous solution is noted, 
and a definite quantity (say one-half) is drawn off into a tared platinum capsule ; the ether having 
been evaporated off, the residual acids are weighed, all as already directed for the estimation of 
oleic acid in non-drying oils. The weight, first doubled (if half the ethereous liquid has been used), 
and then multiplied by 40, gives the percentage of the insoluble acids in the butter-fat. The 
amount of adulteration is best calculated on this result by the following formula, in which, P is the 
weight per cent, of insoluble acids found, and x the percentage of adulteration. 

(P - 88) X 100 _ 


Looking, however, to the fact that the insoluble acids in butter increase by age and rancidity, 
no article should be positively condemned which shows less than 90 per cent, of insoluble fatty 
acids. Once the adulteration is thus rendered certain, its percentage should be calculated, as 
above, on the ordinary standard of good butter. 

If preferred, the insoluble acids in butter may be estimated by the process already detailed for 
total fatty acids in ordinary oils and fats, in section (4). 

Part B- is diluted with another 100 c.c. of water, placed in a fiask, brought under a burette 
containing the volumetric sulphuric acid (a), and 50 c.c. are run in. The flask is then attached 
to an upright condenser, boiled until the insoluble acids separate in a clear oily layer, and 
then allowed to cool. The cake is detached, and the fluid is run off through a filter, made 
as directed in section (4), by fixing a piece of cambric over the mouth of the flask. Another 
100 0.0. of boiling water is then added to the cake, and the whole is again boiled under the upright 
condenser ; when cooled, the liquid is passed through the same filter. This operation is repeated, 
and the united filtrates are brought under a burette containing the volumetric sodium hydrate 
(6), and, a few drops of alcoholic solution of phenol-phthallein having been added, the solution 
is run in. When a pink colour has been produced, the number of c.c. used is noted, and this 
number, multiplied firstly by O’ 09 and secondly by 40, gives the percentage of soluble fatty acids 
in the butter-fat. 

(7) Estimation of the Glycerine formed by Saponification . — This is not generally necessary;, 
except for scientific purposes, and it is customary to deduct the percentage of total fatty acids 
found from 100, and consider the difference as glyceryl. Up till the beginning of this year (1881) 
no ready process for the estimation of glycerine had been proposed ; but since then. Dr. Muter 
has publbhed the preliminary notice of a process which is likely to give good results. The 
author takes advantage of the power of glycerine in arresting the precipitation of cupric hydrate 
from cupric sulphate by potassium hydrate. He takes a definite quantity of the solution of 
glycerine in one of the oleine tubes already described (Fig. 1045), and to it, he adds an excess of 
potassium hydrate, and drops in a solution of cupric sulphate with constant shaking, until a 
permanent precipitate is produced. The whole is then made up to a definite bulk, and, when 
settled, a portion of the blue liquid is run off through the stopcock ; the amount of dissolved 
copper is estimated by neutralizing with nitric acid, then adding excess of ammonium hydrate, 
and running in a volumetric solution of potassium cyanide till decolorized. By doing this on 
a solution of glycerine of known strength, the value of the cyanide in glycerine is ascertained. 
Those interested will find details in the Analyst for March 1881. 

(8) Testing a Solid Fat for Paraffin-wax and Mineral Oils.— The mixture of fats with solid mineral 
hydrocarbons has become of late years quite an acknowledged custom. Therefore, any fat should 
always be submitted to the “ actual density” process described for butter, on p. 1465. Ordinary fats 
have an “actual density” at 38° (100° F.) rarely below 0’9032, while solid paraffin-wax treated 
in the same way shows nothing above O’ 8810. If, therefore, an apparent fat shows less than the 
latter figure, it is probably all mineral ; but if somewhere between the two, it is most likely a 
mixture, and must be treated in the same manner as hereinafter described for the detection and 
estimation of heavy mineral oil in ordinary fatty oils. The test for paraffin-wax in oils is, as here- 
after shown, so simple, that it is advisable always to apply it, unless the fat shows a density so 
high as to positively preclude its presence. 
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B. iDENTiPtCATiON OP OiLS IN MIXTURES. — The next subject claiming attention is the identifi- 
cation and testing of oils, especially when mixed, a point of the greatest diificulty, and one which 
eminently requires experience. It does not, like the subject just finished, rest on a definite chemical 
basis ; and although many processes have been from time to time advocated, none has really stood 
the test of repetition by other hands. The peculiarity of oils is that one analyst may have methods 
which may and do give fair results in his own hands, but which, repeated by others without liis 
special experience, b^ome not only inaccurate, but positively misleading. It would be quite possible 
to make an apparently valuable resume of the subject, by giving all the processes above referred to, 
and still to leave the reader really no nearer his desired object than at the commencement. The 
aim of the present article, however, is to avoid this beaten track, and to omit everything but the 
few definite points which, intelligently followed up and backed by practice, may lead to the 
fairest deduction possible in the present state of science. The first essential in setting about the 
study of oils is the possession of a set of really genuine standard samples ; tins is very difficult to 
procure, as the oil-trade is so permeated by the principle of admixture, that the refiners have too 
often good reason to shun any attempts to render its detection more easy. To test the real state of 
matters in this respect, the writer once applied to seven leading houses to assist him with standards; 
only one came forward in response. Nothing, however, can be done without standards of, at least, 
the following kinds : — 

Marine Animal Oils 
Fish (cod) 

Whale 
Seal 
Sperm 
Cod-liver. 

Drying Vegetable Oils. Partially Drying Vegetable Oils. Non^irying Vegetable Oils. 

Linseed Cotton Olive 

Hempseed Castor. Almond 

Nut. Rape 

Manufactured Oil. Colza (refined rape) 

Bosin. Ground-nut 

Coco-nut. 

Many other oils exist, but the foregoing represent such as are commonly met with in commerce. 
If, however, the reactions of others should be desired in any special case, it will be easy to follow 
out the methods hereinafter given, and fix one’s own reactions, if not found in the present article, 
which must necessarily be limited. 

The following reagents and special articles are required : — (1) Pure carbon bisulphide ; (2) 
petroleum-spirit, rectified under 88° (190° F.); (3) alcoholic caustic soda, made by dissolving 115 
grm. of sodium hydrate in 1 litre of redistilled methylated spirit ; (4) sodium bicarbonate, pure ; 
(5) silver sand, well washed, dried, and ignited ; (6) barium polysulphide, made by dissolving 
barium oxide in boiling distilled water, cooling, pouring off the mother-liquor from the crystals, 
boiling it with excess of sulphur, and filtering ; (7) syrupy zinc chloride, made by saturating hydro- 
chloric acid with pure zinc oxide, and evaporating till the liquid assumes the consistence of golden 
syrup ; (8) sulphuric acid, sp. gr. 1’843, which has been sliaken up with a little mercur\ occasion- 
ally during some hours ; (9) stannic chloride, the fuming perchloride of tin of commerce ; (10) 
syrupy phosphoric acid, ordinary phosphoric acid evaporated to a sp, gr. of 1’72; (11) mercuric 
nitrate, made by dissolving mercury to saturation in cold nitric acid, and then boiling for ten 
minutes with as much more nitric acid ; (12) absolute sulphuric acid, the strongest acid, which has 
been recently heated for some time to 316° (600° F.), then boiled, and quickly secured in an air- 
tight vessel; (13) amylic alcohol, sp. gr. O’ 818; (14) a sp. gr. -bottle, fitted with a thermometer 
stopper from 60° to 120° F. ; (15) a long delicate thermometer, graduated in single degrees from 
0° to 149° (32°-300° F.) ; (16) some long test-glasses of 1| in. diameter, capable of holding 150 c.c., 
and made to stand heat; (17) some dropping-tubes, delivering slowly drops of water weighing 
-fj; gr. ; (18) some white porcelain capsules, semicircular in form, and 2 in. diameter, without spouts ; 
(19) some small glass rods, 3 in. long. 

(1) Examination for Mineral and Sosin Oils. — 

(a) Warm the oil, and smell it. If it gives off the odour of paraffin, it contains ordinary 
illuminating mineral oil. In this case, carefully counterpoise a watch-glass, and 
having weighed on to it about I grm. of the oil, keep it in an air bath heated to 
110° (230° F.) until the weight is constant; note the loss of weight, and calculate to 
percentage of paraffin-oil. 


Terrestrial Animal Oils. 
Lard 

Neats’-foot 
Horse-bone 
Tallow (oleic acid). 


Mineral Oils. 
Ordinary paraffin 
Heavy lubricating. 
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(6) Place 10 grm. of the oil in a basin with 20 c.c. of the alcoholic canstic soda (No. 3 
reagent), heat to boiling on a water-bath, and evaporate nearly to dryness. Then 
add 75 c.c. of distilled water, and boil for half-an-hour. Observe the natme of the 
resulting mass or liquid, and note one or other of the following cases. 

Case 1. An emulsion only is formed. Probably there is only mineral or rosin oil. Add water, 
and warm, when, if a clear oil separates, mineral oil is present, but if brown, then rosin-oil may 
be present. Now draw off the aqueous liquid from beneath, and make it acid with sulphuric acid. 
If no precipitate forms, the oU was all mineral ; but if a precipitate be produced, collecting on 
warming in brown viscous drops, then the presence of rosin-oil is confirmed. 

Case 2. A semi-pasty mass is obtained. Probably it is an ordinary fatty oil mixed with mineral 
or rosin-oil. Add water, and warm, when the mineral oil, if present, will fioat to the surface. Now 
draw off the aqueous liquid, and shake it up with amylic alcohol ; if the alcohol separates in a 
brown layer, rosin-oil was present. Once more draw off the aqueous liquid, acidulate with hydro- 
chloric acid, and warm, when the separation of oleic acid, with its characteristic odour of fat, 
will show the presence of the fatty oil. This would also apply in the case of testing a solid fat 
for parafSn-wax. 

Case 3. A perfectly pasty soap is formed, which dissolves in warm water without any separa- 
tion of oil. The sample is an ordinary fatty oU, containing possibly (though not likely) a little 
rosin-oil. Shake up with amylic alcohol, when, if no brown colour be produced in the alcohol, no 
rosin-oil is present. Once more draw off the aqueous liquid, add an excess of sodium chloride 
(which will precipitate the fatty soap) and filter. If the oil be a pure fatty one, the warmed 
filtrate will only give a slight turbidity on acidulating with hydrochloric acid, and will smell of 
fat ; but if the solution give a copious precipitate, and, when heated, has a resinous odour, the 
oil contains rosin. If, on setting free the fatty acids from the soap with hydrochloric acid, and 
cooling to 15J° (60° F.), they partly solidify, animal oil, such as lard or neats’-foot, may be 
suspected, although certain vegetable oils (such as cotton-seed), especially when crude, give 
tolerably solid acids. (The fatty acids of coco-nut-oil, and palm-nut-oU, when liberated and 
heated, smell of volatile fatty acids, just like butter, and the insoluble portion is very low). 

Having thxis got a fair preliminary idea of the constitution of the sample, it may be confirmed 
by taking the “actual density” at 38° (100° F.), as already directed for butter (p. 1465). If the 
“ actual density ” of the article be under O' 900, it is all mineral oil ; if between O' 900 and 0'960, 
it may be either all fatty oil, or a complex mixture; while if over 0'960, it is all rosin-oil. 

(2) Estimation of a Mixture of heavy Lubricating Mineral Oil and Rosin-oil . — There is no known 
method of chemically separating these, and so an approximation must be made from the “ actual 
density.” Mineral oils for lubricating have an “actual density” not exceeding 0'880, while 
rosin-oil is generally about I'OOO; therefore the following table may be taken as approximate, 
which, however, is only good in the ensured absence of fatty oils. 


All mineral 

.. .. 0'880 

60 per cent, rosin 

. . . . 0 ' 952 

10 per cent. 

rosin 

.. .. 0'892 


.. .. 0-964 

20 „ 


.. .. 0'904 

80 „ 

.. .. 0'976 

30 „ 


.. .. 0'916 

90 „ 

.. O' 988 

40 „ 


.. .. 0'928 

All rosin 

.. .. 1 000 

50 „ 

It 

.. .. 0'940 




The reader is warned that this is only approximate, as there are samples of rosin-oil as low in 
“actual density” as 0'9800. 

(3) Estimation of Mineral Oil in Fatty Oils. — 20 grm. of the sample are saponified with 35 c.c. 
of the alcoholic caustic soda (reagent No. 3) in a deep basin on the water.batli ; 20 c.c. of redistilled 
methylated spirit, or sufficient to perfectly dissolve the soap, are added. The whole being still 
kept boiling on the bath, 9 grm. of sodium bicarbonate are added little by little, well stirring 
after each addition, so that all the excess of alkali may become carbonate; 50 grm. of sand 
(No. 5 reagent) are stirred in so as to thoroughly mix the whole, and the evaporation is con- 
tinued until a perfectly dry residue is obtained. This residue is now packed into a stoppered 
percolator, and covered with petroleum-spirit (No. 2 reagent), and the whole is allowed to 
macerate for an hour ; the stopper is then opened, and percolation is commenced into a 40-oz. 
flask, until the spirit has run off. More petroleum is then added, and percolation is continued 
until a few drops of the liquid evaporated on a watch-glass cease to leave any residue. This 
takes in all a considerable quantity of petroleum, so that sometimes the whole percolate measures 
nearly 1 litre. The flask containing the petroleum is then attached to a condenser, and the bulk 
of the petroleum is reduced by distillation to something under 100 c.c. The residue' is transferred 
to an “ olein tube ” (see p. 1463), and the flask is rinsed with warm petroleum, so that the contents 
^ the tnbe measure, say 150 c.e. A platinum capsule is carefully tared, and a measured small 
Hiquot part of the fluid in the tube is run into it, from the stopcock, and evaporated to dryness at 
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a temperature not exceeding 10d}° (220° F.). The residue is weighed, and calculated to the whole 
bulk of the fluid ; that result, multiplied by 5, gives the percentage of mineral oil. As a mle, the 
tendency of the process is to come out about 0"5 per cent, too high, so that any fraction of a per 
cent, under or over 0’5 may be disregarded, i.e., if 20‘4 per cent., to simply call it 20 per cent , but 
if 20 ’8 per cent , then report 20 '5 per cent. To check the weighing, it is desirable to run off more 
than one small aliquot part, and evaporate and weigh. This process is equally applicable to the 
detection of parafiin-wax in solid fats. 

(4) -Estimation of Rosin in Fatty Oils . — To perform this with anything like accurEwy, requires a 
tedious separation, in which the oil is saponified with alcoholic caustic soda, and the soap is 
dissolved in water. Dilute sulphuric acid is dropped in until the liquid becomes permanently 
turbid, and then dilute sodium hydrate is added drop by drop till it just clears again. The 
whole is then mixed with sand, and evaporated to perfect dryness, to ensure which it is necessary 
to moisten the apparently dry residue with absolute alcohol, and again dry. The residue is packed 
into a stoppered percolator, and extracted with a mixture of 5 parts by volume of absolute ether 
and 1 of absolute alcohol. The solvent is distilled off, and the residue is dissolved in water, and 
warmed with a slight excess of sulphuric acid, when the rosin separates in viscous drops, which 
are collected and weighed. These drops still contain a little oleic acid, and, if perfect accuracy 
be desired, must be dissolved in alcohol, and the solution polarized, which, however, is a process 
requiring special training and appliances, and is therefore beyond the scope of the present article. 
Indeed the estimation of a very small percentage of rosin in boiled linseed^iil, for example, is a 
problem requiring the highest skill and practice, and if under 2 per cent., it is, in the present 
state of science, practically impossible. 

(5) Estimation of Tallow-oil (free Oleic Acid) in an Ordinary Oil . — This point is an important one 
because oils containing free oleic acid are unsuitable for lubricants. 50 grm. of the oil and 100 c.c. 
of alcohol are placed in a flask with a few drops of tincture of turmeric, or an alcoholic solution of 
phenol-phthallein, and well sliaken. 

A normal volumetric solution of sodium hydrate (40 grm. per litre, each c.c. of which repre- 
sents 0-282 oleic acid) is dropped in until a red colour is produced, and the whole is again 
shaken. This is repeated until the red is permanent ; the number of c.c. of sodium hydrate used 
are read off, and multiplied by 0-282, and then by 2, which gives the percentage of free oleic 
acid. 

Before this process is undertaken, a little of the oil should be shaken up with alcohol of 60 o.p., 
and the alcoholic solution, when clear, mixed with a few drops of alcoholic solution of acetate of 
lead. If no precipitate be produced, no free fatty acid is present. 

(6) Mutual Detection of the various Fatty Oils . — Having discussed all the cases of mixtures with 
other oils, we now come to the actual identification of the various fatty oils tliemselves. 

The first step is to train the nose to distinguish between certain main groups. To do this, 
take some oil in a small flat porcelain basin, warm it up to about 142° (300° F.), and observe the 
smell. Then, as soon as sufficiently cool, rub some into the palm of the band, and again smell. A 
little practice will thus permit the easy detection and distinction between (1) marine animal oil, 
(2) terrestrial animal oil, (3) vegetable oil. The odours of these three classes are entirely sui generis, 
and it is safe to pronounce on the main question by this test. The marine oils have all the repulsive 
fishy odour in various degree, the sperm requiring most practice ; the other animal oils have all the 
peculiar sourish smell of cooking animal fat, soon learned by experience ; the vegetable oils, on 
the other hand, have a more or less sweetish odour, and practice will even enable most of them to 
be named. 

Case 1. The oil is evidently a marine animal oil. Take the “actual density ” at 38° (100° F.) 
(see p. 1465), and compare with the following table : — 



Highest extreme. 

Lowest extreme. 

As commonly 
met with. 

Cod (fish) 

0-9220 

0-9114 

0-9176 


0-9180 

0-9173 

0-9179 

Seal 

0-9195 

0-9136 

0-9150 

Whale 

0-9066 

0-9056 

0-9060 

Sperm 

0-8963 

0-8672 

0-8724 


To confirm this, take 10 drops of the oil in a porcelain capsule (No. 18, p. 1467), add (from a 
dropping-tube) 5 drops of barium polysulphide (reagent No. 6), and stir rapidly with a small rod, 
when sperm-oU will become golden-yellow, and remain so, while the others wiU be very pale after 
a few strokes of the rod and setting aside for 5 minutes. Now take a similar quantity of oil, add 
5 drops of zinc chloride (reagent No. 7), and stir, when whale and cod-liver will not change, or 



1470 


OILS AND FATTY SUBSTANCES. 


will only become pale-violet, while seal and cod-fish will be yellow or orange, the former exhibiting 
brown spots, the latter not. Next, to another similar portion of oU, add 5 drops of snlphnric acid 
(reagent No. 8). when cod-liver will alone give a violet, the others going brown at once. Then, to 
anotlier similar portion of oU, add 5 drops stannic chloride (reagent No. 9), when whale-oil will 
only turn orange-yellow, seal and fish becoming red-brown, and cod-liver violet and then red. 
Lastly, to another similar portion of oil, add 5 drops mercuric nitrate (reagent No. 11), and 
after stirring, add a drop or two of suiphuric acid, when seal-oil will effervesce, and give off red 

fumes. . „ 

Case 2. The oil is apparently of terrestrial animal origin. Take, as before, the “ actual density, 
when a pure oil of this class will never vary more than from 0-9050 to 0-9082. TaUow-oil (free 
oleic acid) is put out of the question in the preliminary examination hy alcoholic acetate, of lead, 
and so there can be only : — 



Highest extreme. 

! 

Lowest extreme. 

i 

As commonly 

1 met with. 

Lard 

1 

0-9082 

0-9076 

0-9078 

Neats’-foot 

0-9079 

0-9052 

0-9070 


All the members of this division bleach to a very pale-yellow with barium polysulphide, while 
lard-oil becomes perfectly white, and gives off a slight smell of sulphuretted hydrogen. They give 
scarcely any colour with zinc chloride, and become dark reddish-brown with sulphuric acid. A 
persistent yellow with the polysulphide, a green or brown with zinc chloride, and a greenish tint 
or too light a brown with sulphuric acid, would indicate impurities of vegetable oil. The only 
ones which, however, could be mixed without raising the density would be rape, nut, and olive, 
while sperm would lower the density. Characters of special varieties of neats’-foot-oil will be 
found in the general tables (pp. 1472-5). 

Case 3. The oil is apparently vegetable in origin. Take, as before, the “ actual density” : — 



Highest extreme. 

Lowest extreme. 

As ordinarily 
met with. 

Olive 

0-9079 

0-9052 

0-9070 

Bape 

0-9077 

0-9060 

0-9067 

Almond 

0-9109 

0-8980 

0-9056 

Eeflned rape (colza) 

0-9065 

0-9053 

0-9067 

Ground-nut 

0-9092 

0-9073 

0-9085 

Nut 

0-9090 

0-9080 

0-9084 

Befined cotton (salad) 

0-9140 

0-9130 

0-9136 

Poppy 

0-9155 

0-9150 

0-9154 

Coco-nut 

very variable, from 0-9103 to 0*9152 

Cotton (brown) 

0-9197 

0-9170 

0-9176 

(an exceptional 




sample) 



Hempseed 

0-9195 

0-9190 

0-9193 

Linseed 

0-9300 

0-9232 

0-9252 



(an exceptional 



0-9440 

sample) 


Boiled linseed 

0.9320 

0-9380 

Castor .. .. 

0-9576 

0-9550 

0-9558 


Now proceed to use the reagents in the capsules, putting 5 drops of the reagent (from the 
dropping-tubes) into 10 drops of oil, and stirring ; note the following effects : — 

1. Barium polysulphide goes very pale-yellow only with inferior olive, ground-nut, and castor ; 
and greenish with hempseed and very bad olive. The density throws out castor and hempseed, 
and only ground-nut and inferior olive are left. Try zinc chloride, when olive gives a green, and 
ground-nut a yellow. Confirm ground-nut by saponifying, and throwing up the fatty acids with 
hydrochloric acid. Then dry them, and dissolve in 4 parts of alcohol of 85°. To this, add an 
excess of rectified spirit, when, if ground-nut-oil be present, white flakes of arachidic acid wiU 
deposit ,- these may be collected, dried, and weighed. By treating pure ground-nut-oil side by 
side, the percentage of it in a mixture may be deduced. 

2. Zinc chloride gives a green or greenish-yellow with olive, rape, colza, almond, linseed, and 
cotton. Olive and colza are green, linseed yellow or greenish-yellow, rape yellow, cotton (when 
heated) brownish, while almond is milky with a greenish tinge. The density excludes definitely 
Uuseed and cotton ; it remains to distinguish between the others. Try stannic chloride, when, if a 
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green be produced. It is rape or colza ; olive and almond respectively give faint-yellow or no colour. 
If it be not rape or colza try phosphoric acid, which will decolorize almond-oil, and turn olive-oU 
green. To distinguish between linseed and cotton, if required, try sulphuric acid ; linseed goes 
orange-yellow, while cotton goes deep reddish-brown. 

3. Sulphuric acid. There only now remain to be considered poppy- and nut-oils. The former 
becomes dark-brownish by agitation with sulphuric acid, while the latter only goes orange-yellow. 

Having thus ascertained, by the density and reactions, the purity of the oil, and named it, the 
next case is that of a mixed vegetable oil ; it is here that the experience comes into play. The 
most valuable help [in addition to the “ actual density,” and the full tables of reactions of all the 
oUs hereafter, appended (see pp. 1472-5), as devised by Chateau, and somewhat modified by the 
present writer, who uses by preference a different reagent for the first group], consists in the 
following process, originally proposed by Maumene 50 grm. of the oil are carefully weighed into a 
tube, the temperature is taken with the long delicate thermometer (No. 15), 10 c.c. of absolute 
sulphuric acid (reagent No. 12) are added from a pipette, and the whole is rapidly stirred with the 
thermometer until it ceases to rise, and the number of degrees through which it has gone up are 
registered. According to the originator, we should get the following results, in about 2 minutes, 
the results being constant if the acid be used of the same strength, and the surrounding tempera- 
ture be kept equable : — 

Olive gives a rise of . . . . 108° F. 

Castor „ .... 116° F. 

Neats’-foot „ .. .. 122-7° F. 

Bitter almond „ .. .. 125° F. 

Sweet almond „ .. .. 126-5° F. 

Eape „ .... 134° F. 

Beech-nut „ . . . . 149° F. 

Ground-nut „ .. .. 152° F. 

The phenomenon is easily defined and observed, and gives distinctions much more characteristic 
than those yielded by any of the former methods. The phenomena remain the same if two oils are 
mixed together. Thus two measures of olive-oil and one of poppy-oil should show : — 

2 vol. olive-oil = 2 x 108 = 216 

1 vol. poppy-oil = 1 X 187-5 = 187-5 

3 vols. mixture, 403-5° F. 

Or 1vol. = 134-5° F. 

and the experiment really gives this result, as has been ascertained by repeated trials with this 
and other mixtures. 

In practice, the present writer did not succeed well with this process, for although he occasion- 
ally came up to these figures, yet the use of so hygroscopic an article as absolute sulphuric acid is 
always uncertain ; he is, therefore, now in the habit of using the following process : — 

Preserve some pure sulphuric acid, of sp. gr. 1-845, in a well-stoppered and capped bottle, never 
leaving the stopper out for more than the moment required to extract some of the contents. Get a tin 
vessel about 5 in. deep and capable of holding at least 2 qt. of water. Have some glass tubes on 
feet, capable of standing heat, about IJ in. in diameter, and holding about 7oz. of liquid. Have the 
acid in a bottle 6 in. high, with a thermometer inside. Counterbalance the tube, and weigh in 
accurately 50 grm. of the oil. Raise the water in the tin vessel to 28° (82° F.), immerse both the 
sulphuric acid bottle and the tube in the water, and place the long thermometer inside the latter. 
As soon as both the acid and the oil are at a temperature of 27° (80° F.), draw out 10 c.c. of the former 
with a pipette, and let it flow gradually (at the rate of 1 cjo. every 5 seconds) into the latter without 
touching the sides, stirring all the time with the thermometer. After all the acid is in, continue 
to stir rapidly for exactly J minute, keeping the tube in the water with one hand and stirring with 
the other, and then move the thermometer more slowly, noting the exact degree at which it ceases 
to rise. From that, deduct SO, and the difference is the amount of rise. Treated in this way, and 
using a definite hydrated acid, the rise of temperature is not quite so great, but it is (at least in 
the writer’s hands) much more constant. With him, olive-oil gives a rise of 106° F., rape-oil of 
131° F., and so on, very nearly in proportion to the original figures. It cannot, however, be too 
strongly impressed that every one using this process must fix his own standards according to his oim 
method of working., and that a pure standard oil should always be done in precisely the same manner 
immediately before the suspected article. For this reason, the writer prefers not to give his own 
tables of results, as no two persons, unless actually working side by side, will ever get absolutely 
identical figures. 


Gingelly gives a rise of .. 154° F. 

Poppy •> •• 187-5° F. 

Hemp „ .. 208° F. 

Nut „ .. 214° F. 

Train (ray liver) „ .. 215-5° F. 

„ (cod) „ .. 215-5° F. 

Linseed „ .. 217° F. 
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Genbbai. Tabus op the Foli. Beactioks op ail the Usual Oils, accobding to Chateau, 
BUT somewhat MODIPIED BY THE WbiTEB. 

Gboup I. — To 10 drops of the oil in a white porcelain capsule, add 5 drops of barium poly- 
sulphide (reagent No. 6), stir with a glass rod, and note whether the golden-yellow colour remains 
after 20 strokes of the rod, or whether it bleaches, and becomes very pale-yellow or white, as 
under : — 


Case 1.— The Golden Colour r^nalns with : — 

Case 2.— The Colour fades to Canary-yellow, or alters with : — 

Vegetable. 

1 AnimaL | 

[ Vegetable. 

Animal. 

liinseed. 

Sperm. 

Castor. 

Neats’-foot, 

Poppy. 

Nut. 

Almond. 

Olive. 

Eape. 

Colza. 

Cotton. 

Gingelly. 

Gold of pleasure. 

^eats*~foot (very rarely'). 

Poppy (Tndian). 
Hempseed (G. to G. Y.). 
Olive (inferior). 
Ground-nut. 

Beech-nut. 

Coco-nut. 

Horse-bone. 

Lard (bleaches with slight HjS). 
Fisb. 

Cod-liver. 

Seal(B.Y.). 

Whale. 

Tallow (much H^S). 


Notes. — G., green ; G. Y., greenish-yellow j B. Y., bright-yellow ; H 2 S, gives off snlphuretted hydrogen. Unnsnal oils 

in italics. 


Gboup n. — ^To 10 drops of the oil in a porcelain capsule, add 5 drops zinc chloride (reagent No. 7), 
stir, and observe whether the oil is scarcely affected, or develops distinct colour : — 


White, or scarcely affected. 

Distinct Tellow to Brown. 

Green or Bine Shades. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Poppy. 

Nut. 

Almond 

(hot-pressed).^ 

Gingelly. 

Coco-nut. 

Neats’-foot. 

Lard. 

Horse-bone. 

Sperm. 

Whale 

(sometimes pale- 
violet tinge). 
Cod-liver 
(cold). 

Linseed. 
English (Y.) 
Rape (Y.) 
Ground-nut 

^ 

Castor (R. Y.) 
Beech (F. R.) 
Cotton (B.) 

Whale (Y. B.) 
Fish (C. Y.) 
Seal (E. B.) 

Linseed 
(foreign B. G.) 
Olive (G.) 

Colza (6.) 

Gold of pleasure 
(G. pale). 
Almond 
(milky with 

G. tinge). 

Cod-liver 
(hot G.) 


• Notes.— Y., yellow; E. Y., rose-yellow; F. R., flesh-rose; O. Y., orange-yellow; B., brown; Y. B., yellow-brown; 
R. B. red-brown ; G,, green ; B., G., bluish-green. 


Group HI. — To 10 drops of the oil in a capsule, add 5 drops sulphuric acid (reagent No. 8), and 
observe firstly without agitation and secondly with ; 3 cases occur : (1) some shade 
of brown, (2) some shade of yellow, and (3) a greenish tint : — 


Some Shade of Brown. 

Some Shade of Yellow. 

Greenish or Green Veins. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Vegetable, 

Animal. 

Linseed 
foreign (E. B.). 
Nut (E. B.). 
Ground-nut 
(E. B.). 
Beech 

agitated (B. E.). 
Cotton (B. E.). 
Coco-nut 

(E. B.). 

Lard (E. B.). 
Neats’-foot 
(agitated E. B. 
with Gy. S.). 
Horse-bone 
agitated 

(E. B.). 
Fish (S. B.). 
Seal (E. B.). 
Sperm (E. B.). 
Whale (E. B.). 
Coddiver (V. 
to H. B.). 

Poppy (D. Y.). 
Castor (D. Y.). 
Olive 

(B. Y.toB.). 
Gingelly. 
Almond 
(P. Y., O. Y. 
and G. Y.). 

Neats’-foot 

(rarely) 

(O. Y. with 
Gy. S.). 

Hempseed 
(G. to E. B.). 
Linseed 
(G. B.). 
English. 

Colza (G. S.). 
Rape (B. G.). 
Gold of plea- 
sure. 

None. 


Notes— E. B, red-brown; B. R., brownish-red; Gy. S., grey spots; S. B., Sienna-brown; D. Y., dark-yellow; 0. Y., 
orange-yellow ; G., green ; G. B., greenish-brown ; G. S., green spots ; V., violet. ’ 
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Ghoup IV. — To 10 drops of the oil in a capsule, add 5 drops stannic chloride (reagent No. 9), 
stir, and observe firstly the inuuediate colour, and secondly the colour of the 
thickened or solidified mass ; — 


Case 1. — The coloration takes place instantaneously. 


Yellow, Faint Yellow (F. Y.), Golden 
Yellow, no colour. 

Brownish Red, Distinct Brown (D. B.), 
Reddish Yellow (R. Y.), Brownish 
Yellow (B. Y.). 

Green, Greenish-bluish, Green, 
Greenish Blue. 

Vegetable. 

Animal. 

Vegetable. 

1 Animal, 

Vegetable. 

Animal. 

Poppy 

Neats’-foot 

Linseed 

Neats’-foot 

Linseed 

Cod-liver, 

(F rench). 

(Paris). 

all qualities 

(R. Y.). 

(English) 

passing from 

Castor. 

Lard(0. Y.). 

(B. Y.> 

Lard (R. Y.). 

green veins. 

violet-blue to 

Olive. 

White Poppy 

Horse-bone 

Ditto 

dragon’s-blood. 

Gingelly, 

(F. Y.). 
Sweet almond 
(no colour). 

1 

j 

i 

1 


(India) 

(R. Y.). 

Nut (E. Y.). 
Olive (huile 
d’enfer). 

(R. Y.). 

Pea -nut 
(distinct B.). 
Gold of 
pleasure. 
Beech (E. Y.). ■ 
Cotton-seed ; 
0. Y. (?) ; 

Coco-nut (D.B.); 

1 

(R. Y.). 
Whale (0. Y.). 
Sperm 
(purplish 

E. B.). 

Seal. 

Fish 

(deep E. B.). 

(N. Europe) 
(bluish G.). 

Ditto 
(Bayonne) 
(bluish G.). 
Ditto (India) 
bluish G.). 
Hempseed. 
Rape-seed. 
Colza. 

&iy, same. 


Case 2. — The colour of the thickened or solidified mass. 


Yellow, Faint Yellow (F. Y.), Bright 
Yellow (B. Y.), Straw Yellow. 

Brown, Distinct Brownish Red 
(D. B. R.), Orange Yellow, (0. Y.), 
Reddish Yellow (R. Y.). 

Green, Greenish, Dirty Green, 

Dark Green. 

Vegetable. 

1 Animal. 

Vegetable. 

Animal. 

Vegetable. 

1 Animal. 

Poppy 
(French). 
White do. 
(India). 
Castor (faint). 
Olive 
(refined). 

B. Y. 
Gingelly. 
Sweet 
Almond 
(Canary Y.). 
Gold of 
pleasure 
(Faint Y.). 

Sheep-foot 
(Faint 
Rosy Y.). 

Linseed 
(D. B. R.). 

Olive 
(Ordinary) 
(0. Y.). 
Colza. 
Pea-nut 
(B. E.). j 
Beech 
(distinct 

R. Y.). j 

Cotton (Y B.). ‘ 

: Neats’-foot 
(0. Y.). 
Horse-bone 

O. Y.). 
Whale (clear 
j mahogany). 
Sperm (O. Y.). 

Hempseed 
(Dark green). 
Olive, 
inferior 
(dirty-green). 
Rape-seed 
(dir^ green). 

None. 


Gkoup V. — To 10 drops of the oil on a capsule, add 5 drops phosphoric acid (reagent No. 10) 
stir and observe ; then heat, and again observe : — 


Case 1. — Colours when cold. 


Very little Effect. 

Yellow to Orange. 

Greenish to Bluish. 

Vegetable. ^ 

Animal, 

Vegetable, j Animal. 

Vegetable. 

Animal. 

Poppy. 

Nut. 

Castor. 

Almond. 

Rape (?). 

Gold of pleasure 
(?)■ 

Coco-nut. 

Neats’-foot. 

Lard. 

Linseed, Foreign Horse-bone 

(S.Y.). (O.Y.). 

iGround-nut | Whale (O. Y.). 

(S. Y.). ' Sperm (S. Y.). 
Cotton (G. Y.). ! Seal (B. E.). 
Gingelly (O.Y.). \ Fish (E. Y.). 

1 Cod-liver 
j (B. Y.). 

Linseed, 

Hempseed 

(D. G.).| 

Olive. 

Colza. 

Rape. 

Gold of pleasure. 

None. 


5 B 
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Case 2. — Colours on heating. 


Colourless. 

Yellow to Brownish-yellow. 

Colour of the Froth on the Surface. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Vegetable 

Animal. 

Poppy. 

Olive (some- 

times). 

Coco-nut (some- 
times faint 
yellow). 

Lard (some- 
times very 
faint yellow. 

Linseed (B. Y.). 
Poppy (B. Y.). 
Hempseed 

(R. Y.). 
Nut (B. Y.). 
Castor (B. Y.). 
Olive (R. Y.). 
Almond (B. Y ). 
Rape (B. Y.). 
Colza (B. Y.). 
Beech (B. Y.). 
Cotton (B. Y.). 
Gin lelly (B.Y.). 
Gold of pleasure 

(B.Y.). 

Ground-nut 

(G.Y.). 

Neats’-foot 

(B. Y.). 
Horse-bone 

(G. Y.) 
Sperm (B. Y.). 

Gingelly 

(greenish). 

Hempseed 

(greenish). 
Olive . . . . 1 

Ground-nut I 
Gold of plea-) g 
sure • ■ 1 ^ 

Cotton . . I 

Linseed . • \ 

Castor .. j.” 

Rape .. .. /"o 

Colza . . . . 1 

Beech . . / ^ 

Whale 

(greenish). 

Cod-liver 

(greenish). 

Sperm (grey). 

Neats’-foot 

(blackish). 

Seal (blackish). 

Fish (blackish). 

Deep Browns. 

Vegetable. 

Animal. 


Seal. 

Pish. 

Wliale. 

Cod-liver. 


Gboup VI. — To 10 drops of the oil on a capsule, add 5 drops mercuric nitrate (reagent No. 11), 
and observe the effect. Then add 2 or 3 drops of sulphuric acid, and observe the colour of tlie 
liquid which covers the precipitate : — 

Case 1. — Colours given by the Salt alone. 


White or Grey Emulsion, or No 
Coloration. 

Yellow, Faint Yellow, Gold Yellow 
(G. Y.), Canary Yellow, Orange Yellow 

1 (0. Y.), Straw Yellow (S. Y.). 

Greens— Greenish, Sea Green (S. G.), 
Bluish Green. 

Vegetable. 

AnimaL 

1 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Poppy, French. 
White (slightly 
yellowish). 
White Poppy 

(ditto). 
Nut (no colora- 
tion).' 

Castor (white). 
Sweet Almond 
( greyish white). 
Gingelly 

(white). 
Beech (no color- 
ation.) 
Coco-nut (flesh- 
colour). 

Neats’-foot, 

Paris. 

Lard. 

Sperm (no 

colour). 

Linseed (S. Y.).j 
Olive, refuse 

(G.Y.). 
Rape (S. Y.). 
Pea-nut 

(faint Y.). 
Gold of pleasure 

(s. Y.); 

Gingelly (O.Y.). 
Cotton j 

(faint Y.). 

Neats’-foot 

(R. Y.). 
Horse-bone 

(O. Y.). 

Whale 

(faint Y.). 

Seal 

(reddish Y.). 
Fish (G. Y.). 
iCod (S. Y.). 
^Ray (faint Y.). 

1 

Liuseed, 

English. 

Hempseed 

(greenish after 
agitation). 
Olive 

(greenish Y.). 
Colza. 

Rape (S. G.). 
Gold of pleasure 
(faint G.). 

None. 
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Case 2. — Coloura given by Sulphuric Acid added after the action of the Salt of Mercury. 
Appearance of the Liquor covering the Precipitate. 


Grey^ — ^Fleshy Grey, ! 
Brownish Grey (B. G.;, 
Bose, Greenish Grey (G. G.). 

Yellows— Reddish Yellow (R. Y.), 
Orange Yellow. 

Browns — Raw Sienna (R S.), Reddish 
Brown (R. B.), Bright and Dark 
Chocolate. 

Disengagement of Vapours 
of iiitrogen Compounds. 
Sudden Effervescence. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Vegetable. 

Animal. 

Hempseed 
(G. G. by 
agitation). 

Colza (dirty 
flesh colour 
then fleshy 
grey). 

Bape (B. G.). 


linseed, 

N. Europe 

(dirty Y. 
finally). 

Ditto, Bayonne 
(B. Y.). 
Ditto, India 

(dirty Y.). 
Ditto, English 
(deep Y.). 
White Poppy 
. (R. Y.). 

Castor (canary 
Y. and Gold 
Y. at first). 
Olive, ordinary 
(E. Y.). 
Gingelly (green 
veins, then 

O. Y.) 

Neats’-foot, 
Buenos Ayres 
(E. Y: at first). 
Horse-bones 
(dirty B. Y. at 
first). 

1 

Linseed, 

N. Europe 
(sepia B. B., 
then dirty Y.). 

Ditto, Bayonne 
(ditto). 

Ditto, India 

(R. B.). 

Poppy, Frencii 
(dark B.). 

Nut (light B., 
dark B., black- 
ish B.). 

Castor(darkB.). 

Hempseed 
(dark E. B. 
without agi- 
tation). 

Coco-nut 
(almost black). 

Olive, superfine 
(R. S. greyish). 

Olive, inferior 
(R.B.). 

Sweet Almond 
(light choco- 
late). 

Colza (brownish 
rose then 

light B.). 

Pea-nut 

(chocolate). 

Gold of pleasure 
(B. B. then 
chocolate). 

Beech 

(light B. B.). 

Cotton (light 
chocolate). 

Neats’-foot, 
Paris (choco- 
late B.). 

Lard (ditto). 

Ditto, Bnenos 
Ayres (E. B. 
and chocolate). 

Horse-bone 
(B. E. and 
chocolate). 

Tallow (light 
chocolate B.).' 

Whale (dark 
chocolate B.). 

Sperm (light B. 
and black). 

Seal (br. hi.). 

Fish (ditto). 

Cod-liver 

(dark B.). 

Ray-liver 

(sepia). 

Linseed, N. 
Ditto, 
Bayonne, i 
Nut. 

Castor. 

j 

i 

'I’he other dryini 
not effervesce 
above. 

Tallow, 

Seal. 

1 

g oil9 do 
like the 


In entering upon the subject, it was stated to be essentially one requiring experience ; as a 
fitting conclusion, and a practical illustration of how experience is to be applied, three examples 
may be given of analyses of mixtures which have recently come before the present writer. 

I. A Sample of Lvbricating-oil. — Very pale-yellow in colour, and smelling of parafl5n-oil ; 0 • 5 grm. 
heated at 110° (230° P.) till constant lost 0 • 1 grm. = volatile paraffin 20 per cent. A larger portion 
heated till it ceased to lose weight, then saponified, and tested, gave no separation of mineral oil. 
The colour proved that there was no rosin-oil, and the liquid when acidulated threw up fatty acids 
which, on cooling, partly solidified : ergo suspected lard or neats’-foot. The remainder on the 
watch-glass, after volatilizing the paraffin, had, while hot, the faint odour of lard-oil, and, treated 
with barium polysulphide, became almost colourless, and smelt slightly of sulphuretted hydrogen. 
A large quantity of the oil heated in a flat dish at 1 10° (230° F.) for some hours, and cooled to 38° 
(100° F.), had an “actual density” of O' 9077. Zinc chloride showed absence of olive-oil, there- 
fore the report was : — Paraffin-oil, 20 per cent. ; lard-oil, 80 per cent. 

n. A Sample intended to be sold as ^lad-oil. — Colour yellow with a faint greenish tint. Heated, 
it smelt of fine olive-oU, but slightly more rancid. Tests proved no mineral oil, and colour forbade 
rosin-oil. Actual density, O' 9092. Barium poly sulphide, colour remained golden. Zinc chloride, 
green at first, but developed a decided pale-brown. Sulphuric acid, no green tinge, but a pale 
reddish-brown. The testa show that it is not colza ; and some saponified, and the fatty acids 
dissolved in 4 parts alcohol, give no precipitate on diluting, therefore no ground-nut. The brown 

5 B 2 
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tinge with the zinc chloride could not haye been produced by poppy, so that it is probably olire 
mixed with refined cotton. By density it would show abont : — Olive-oil, 66 per cent. ; cotton-oil, 
33 per cent., if this conclnsion be right. Next tried a standard sample of olive, and one of refined 
cotton, by the sulphuric acid method, and tlien tried the sample, when the comparative elevationg 
in temperature showed 35 per cent, of cotton. Taking, therefore, a common-sense view of the 
matter, the oil was considered to be J olive and ^ cotton. 

III. A Sample of '■'■American Marrow.” — Too fluid for genuine marrow, and of a decidedly yellow 
tinge. Heated, smelt distinctly of dripping, but also had a slight smell of salad-oil. Tried barium 
polysulphide, when the colour paled, but still remained a little. Tried zinc chloride ; no green, 
therefore not olive or refined rape, but became slightly tinged with brown. Saponified a portion, 
and proved absence of ground-nnt and coco-nut (the latter by getting otf no volatile fatty acids). 
Sulphuric acid gave deep red-brown. “Actual density,” O' 9093. Tried a mixture of half refined 
cotton-oil and half beef-marrow : “ actual density,” 0 • 9095, and gave similar appearances with 
reagents. Took insoluble fatty acids of original, and found 94 ' 9 ; all marrow gave 95 ' 5 ; refined 
cotton gave 94 • 2. Therefore concluded it to be a mixture of genuine dripping or marrow with 
refined cotton-oil in equal proportions. J. M. 

Additional Tests. — Another, and entirely different, method of recognising the purity of the 
fatty oils, but which is not applicable to mineral oils, depends upon observations of the melting- 
points of their fatty acids. By comparison with standard samples, and mixtures of known compo- 
sition, this method will often give very reliable results, especially in conjunction with some of the 
testa previously described. It is also frequently very desirable to determine the “ actual density ” 
of the fatty acid, since so many fatty oils occur in commerce in a state of partial rancidity, that 
the density of the oil itself is not unfrequently affected thereby. If, however, the whole be 
converted into fatty acids, more constant and reliable results are obtained. 

As an example of the application of the melting-point test, the familiar case of mixtures of 
olive-oil and cotton-seed-oil may be taken. The fatty-acids of refined cotton-seed-oil melt at 36° 
(97° F.), while those of pure olive-oil are abont 30° F.'lower, varying between 15J° and 21° (60°-70° 
F.), according to whether the oil comes from the first or last portions expressed. The inference 
&om this is obvious. 

In applying this test, it is of the utmost importance to ensure complete saponification of the oil, 
and it is very desirable to precipitate the soap from its solution in water by the addition of sodium 
chloride, and to dissolve the soap so precipitated in a fresh portion of water before decomposing it 
with mineral acid. Since there are so many ways of determining melting-points, which give 
different results, it is undesirable to quote actual figures here, or to do more than point out the 
method, and the importance, of each operator keeping to one mode of working, and one system of 
recording his observations. Dalican’s method, described on p. 1477, is the one usually adopted for 
determining melting- and solidifying- points. 

A test for the presence of coco nut- or palm-kemel- oils, in presence of any other vegetable or 
animal fatty oils, depends upon the quantity of salt required to separate or precipitate their soaps 
from solution in a given quantity of water. It may be thus applied : — To 10 grm. of the pure fatty 
acid, is added aqueous solution of caustic soda equal to 1-25 grm. soda (100^), in a beaker of 
100-150 c.c. capacity, previously tared. The whole is then boiled, and water is added until the 
contents of the beaker weigh 50 grm. at 100° (212° F.). At this point, a saturated solution of 
sodium chloride is run into the beaker from a burette, and the whole is stirred and boiled over a 
gas-flame. It will be found that while only about 8—10 c.c. of the solution are required with 
ordinary oils, coco-nnt-oil will require more than 50 c.c., and mixtures of the two will take propor- 
tionate amounts to separate the soap. By keeping the solution just boiling, constantly stirring, 
and adding the sodium chloride gradually, the exact moment of precipitation of the soap may easily 
be observed. 

For the detection and estimation of rosin in admixture with fats and fatty oUs, the determina- 
tion of the sp. gr. of the fatty acids will be found a very valuable guide. The greater the 
proportion of rosin, the higher is the sp. gr. Since, however, some of these fatty-acid mixtures are 
solid at 38° (100° F.), it is desirable to adopt a higher temperature, say 60° (140° F.), as a 
standard at which to perform the operation. As in every other case, unknown samples presented 
for examination must be compared with samples of known composition. 

Another process, applicable to this same problem, as well as to similar ones, consists in making 
an “ ultimate organic analysis” of the mixture, and determining by direct combustion the propor- 
tions of carbon and hydrogen in the sample, and of oxygen by “ difference.” Such an operation, 
however, can only be conducted by a skilled chemist, and cannot be described here. ' 

It cannot be too clearly impressed upon the would-be acquirer of information on this subject, 
that, in the present state of chemical knowledge, there are no decided and definite tests for each 
kind of oil, as there are for each kind of mineral substance, and that, in arriving at a conclusion as 
to the composition of any oil or mixture of oils, the analyst can only be guided by what may not 
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inaptly be described as “ circumstantial evidence,” several tests indicating a balance of proba- 
bilities in one direction. 

In Dalican’s work, quoted in the Bibliography of this article, minute instructions are given for 
testing the value of tallow, oils, &c., for candle-making and soap-boiling. It is stated that this 
method has been adopted as a standard by tlie tallow-melters, brokers, and candle-manufacturers 
of Paris, and it is claimed for it tliat it gives absolutely concordant and reliable results. The follow- 
ing is a summary of the process. 

In an enamelled basin of at least 1 litre capacity, 50 grm. of the tallow (or oil) is heated till it 
begins to give off vapour [about 200° (392° F.)]. While this is heating, a mixture is made of 
40 c.c. of pure caustic soda solution at 36° B. (1'324 sp. gr ), and 30 c.c. of alcohol 40° Cartier or 
95°-96° Cay-Lussae (sp. gr. O' 815). This mixture is added gradually to the hot tallow, the whole 
being well stirred, until a solid mass is formed ; 1 litre water is added, and the whole is boiled 
for 45 minutes. The soap solution is then decomposed by the addition of 60 c.c. of sulphuric acid 
at 25° B. (sp. gr 1 ' 205), and the whole is boiled until the fatty acids are perfectly limpid, and free 
from clots. 

To perform the “ titration,” which consists in a very careful determination of the melting-point, a 
glass tube, 10-12 c. long and lJ-2 c. wide, is filled two-thirds full with the fatty acids melted at as 
low a temperature as possible, and the tube is suspended in a flask by a perforated cork. The bulb 
of a delicate thermometer, whose stem is divided into fifths of a degree C., is placed in the centre of 
the mass of fatty acids, the thermometer being suspended for convenience of manipulation and 
observation. When the fatty acids begin to crystallize, a rotary movement thrice to the right and 
thrice to the left, is given to the thermometer. During this operation, the thermometer falls 
slightly and then rises again to a point at which it remains stationary for at least two minutes. This is 
the degree which is accepted as the “ titre ” of the tallow, and is sometimes called the melting- 
point, but is really the point of solidification, of the fatty acids. 

From the titration so obtained, the per-centages of stearic and oleic acid in the original tallow 
may be deduced from the following table, constructed synthetically by Dalioan, from commercially 
pure stearic acid, and oleic acid perfectly freed from stearic, margaric, and other hard fatty acids. 
In the table, 1 per cent, is allowed for loss by water and impurities, and 4 per cent, for loss by 
glycerine, contained in the original tallow. 



Degree C. 

Percentage of 

Degrees C. 

Percentage of 


Stearic acid. 

Oleic acid 

Stearic acid. 

Oleic acid. 


40-0° 

35-15 

59-85 

45 -5° 

52-25 

42-75 



40-5° 

36 '10 

58-90 

46-0° 

53-20 

41-80 



41-0° 

38-00 

57-00 

46-5° 

55-10 

39-90 



41-5° 

38-95 

56-05 

47-0° 

57-95 

37-05 



42 -0° 

39-90 

54-10 

47-5° 

58-90 

36-10 



42-5° 

42-75 

52-25 

48-0° 

61-75 

33-25 



43-0° 

43-70 

51-30 

48-5° 

66-50 

28-50 



43-5° 

44-65 

50-35 

49-0° 

71-25 

23-75 



44-0° 

47-50 

47-50 

49-5° 

72-20 

22-80 



44-5° 

49-40 

45-60 

50-0° 

75-05 

19-95 



45 -0° 

51-30 

43-70 






N.B. — The range of this table is between 104° and 122° F. 


It is scarcely necessary to add that, if the original fat be accurately weighed, the operations 
carefully conducted, and the fatty acids [freed from water by exposure to at least 120° (248°^.)] 
be then weighed, it will be seen at once whether the original tallow contained any undue 
impurity or fraudulent admixture. 50 grm. pure tallow should give 47 '5 grm. fatty acids. 

For various other commercial tests, Dalican’s book may be consulted with advantage. 

A special test for linseed-oil has been described under Floorcloth (pp. 1002-3). The reader may 
also consult the article on Soap. 

niuminating Values.— Attempts to employ mineral oils for the production of illuminating- 
gas have resulted in many practical methods being devised, and beyond the application of an 
atmosphere of one of the petroleum-products in some forms of electric lamp, the lighter oil or 
“ spirit ” (see ParafBn) is largely used for carburetting air both in “ sponge ” lamps for domestic 
proposes, and on a more extensive scale in petroleum-producing centres, such as Pennsylvania, 
Kangoon, and Honolulu. Fatty oils are devoted to illuminating purposes by burning them in their 
liquid state in lamps provided with wicks. 

The results of numerous experiments made on the illuminating-qualities of fatty oils in France 
are recorded in the annexed table 

(See also Photometry.) 
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Name of Oil. 

Locality of Production, 

Duration of Combustion in a 

Mean Intensity for a cemsump- 
tioD of 40 grm. and 8 houxw 
duration, in a lamp with 

Night-lamp. 

Lamp with 

1 wick. 

1 wick of 
0*021 m. dia. 

2 wicks of 
0*039 m. dla. 

Colza 

N. France . . 

36 hours 

29 hours 

1 • 04 burner 

1-14 burner 

Colza (fine) 

India 

40 


26 


0-95 


1-06 „ 

Colza (trade) . . 

9f 

4 


11 


0-39 


0-83 „ 

Ground-nut 

Senegal 

39 


35 


105 


1-04 „ 

Olive 

Port Maurice 

40 


23 


1-07 


0-89 „ 

Sperm 

N. America . . . . 

27 


29 


1-05 


0-01 „ 

- Gold of pleasure 

French Flanders . . 

38 


20 


0-77 


0-94 „ 

Wild rape.. 

Black Sea . . . . 

28 


23 


0-82 


0-84 „ 

Linseed 

Brittany 

18 


14 


0-87 



Whale 

N. America . . 

15 


18 


0-86 


1-05 „ 

Gingelly .. 

Syria 

14 


26 


0-73 


0-85 „ 

Coco-nut . . 

Cochin China 

55 


41 

»» 

106 


1-18 „ 


Other points which have to be taken into consideration are the density, the co-efficient of 
expansion, and the congealing- and liquefying-temperatures of the oils. On the whole, the most 
suitable fatty oils for illuminating, stated in their order of merit, are colza, eoco-nnt, ground-nut, 
olive, sperm, and whale. 

Petroleum and shale-oils, as compared with fatty oils, possess three advantages— cheapness, 
greater light for the same consumption, and lower flame and less useless divergence in small 
apparatus ; hut they are more liable to smoke when the supply of air is not properly regulated, and 
their manipulation requires greater care. They give an intensity of about one carcel burner for 
30 grra. consumed per hour. 

The comparative cost of a single light, and intensity of the luminary produced at the focus of 
the optical apparatus, by colza-oil aud mineral oil, is thus estimated by J. N. Douglass, in his expe- 
rience of liglithouse illumination, on the Trinity House System : — 


1 

i 

First cost, j Labour. 

1 

i 

; Annual 

1 Maintenance. 

! Total light per i 

annum. 

I i 

I Cost of 
light 

i per hour. 

1 

Cost of 
light 

per candle. 


1 ! 1 


i j 

d. j 

d. 

Colza-oil 

£7100 1 *2 men ! 

£793 15 0 

1 ,782,504 candles 

43-2 

0-107 

Mineral oil 

1 £7400 2 men i 

1 

£693 6 6 

1,782,. 504 „ 

37-7 

0-093 


Heating Values.— Reference has been made to the utilization of creosote-oils (obtained by the 
distillation of coal tar) as fuel, in the article on Coal-tar Products (see p. 649). The application of 
bone-oil to heating purposes is described on p. 1450. AU other oils, except mineral oil^ possess too 
great a value in other ways to be economically used as fuel on anything like a commercial scale. 

Of late years, great strides have been made in the direction of utilizing mineral oils, especially 
petroleum, as a source of heat for the generation of steam. Owen Koss deduces from a great 
number of analyses of petroleums that the calorific power in the lighter oils amounts to 27,000-28,000 
heaW units, and that 1 lb. of such fuel will suffice, when the gases are completely utilized, to 
evaporate 27-28 lb. of water, or nearly 4 times the effect ordinarily obtained from coal. The 
complete utilization of the gases is essential to secure this result, which necessitates the supply of 
air being slightly in excess of what is actually required for complete theoietical combustion of the 
hydrocarbon. It is estimated that the vapour from 1 gal. of petroleum-spirit of 0-655 sp. gr., and 
represented by the formula C„ (or 1607 lb. of carbon and 633 lb. of hydrogen in 1 ton of 
the spirit), will satumte nearly 263 cub. ft. of air ; but it is considered inadvisable in practice to 
exceed such a proportion as will produce a gas burning without any deposition of carbon, so that 
1 gal. of petroleum-spirit may be employed to carburet 700 cub. ft. of air. The result arrived at is 
the burning of all the carbon contained in the fuel to the state of carbonic acid, and all the 
hydrogen to water, avoiding smoke, soot, and other effects of incomplete combustion, and 
realizing almost the whole calorific power of the fuel. In the case of very high temperatures, 
petroleum fuel has a still greater advantage. It has been shown that in ordinary high-temperature 
furnaces using coal, the loss of heat amounts to of the total generated ; this is largely due to the 
high temperature at which the combustion-products enter the chimney, but also to the great 
quantity of the products of combustion over which the caloric derived from the coal has to be distri- 
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buted. This latter is reduced to little more than half in the case of petroleum-spirit. An 
additional advantage of great importance in most industries is the absence of sulphur from the 
fuel. It also permits the fire to be regulated with facility, and is especially useful when the 
pressure of steam is only required occasionally. The advantages of petroleum as a fuel are some- 
what detracted from by the inconstant volatility of its constituents, and the danger of storing large 
quantities. Its range of utility will probably be confined to the neighbourhoods of its production ; 
in England, it can hardly compete with coal in price, though much superior to it for very many 
purposes. 

As to the best means of burning petroleum vapour, or, in other words, how best to effect the 
carburetting of the air and the combustion of the carburetted air, there is some difference of 
opinion : probably various plans will be found to suit various ends. Siemens’ regenerative furnace 
and Eames’ (American) furnace are well spoken of for employing the fuel in smelting operations. 
For steam purposes, perfect success has attended the adoption of the simple plan of conveying 
petroleum (or petroleum residues) by one pipe and steam by another to the mouth of the furnace, 
and blowing the petroleum into the furnace in a spray by means of the jet of steam. 

Iiubricatingf Values.— An efficient lubricator must exhibit the following characteristics 

(1) Sufficient “ body ” to keep the surfaces between which it is interposed from coming into contact ; 

(2) the greatest fiuidity consistent with (1) ; (3) a minimum co-efficient of friction ; (4) a maximum 
capacity for receiving and distributing heat ; (5) freedom from tendency to “ gum ” or oxidize ; 
(6) absence of acid and other properties injurious to the materials in contact with it ; (7) high 
vaporization- and decomposition-temperatures, and low solidification-temperature ; (8) special 
adaptation to the conditions of use; (9) freedom from ail foreign matters. The modem methods of 
testing the lubricating qualities of oils are directed to a discovery of the following points: — 
(1) Their identification and adulteration ; (2) density ; (3) viscosity ; (4) “ gumming ” ; (5) decom- 
position-, vaporization-, and ignition-temperatures ; (6) acidity ; (7) co-efficient of friction. The 1st 
and 2nd stages are described under Detection and Analysis, p. 1462. The viscosity and gumming 
tendency may be simulfaneously detected by noting the time required by a drop to traverse a known 
distance on an inclined plane. A nine days’ trial gave the following result Common sperm-oU, 
S ft. 8 in. on the 9th day ; olive-oil, 1 ft. 9i in. on the 9th day ; rape-oil, 1 ft. 71 in. on the 8th day ; 
best sperm-oil, 4 ft. fr|in. on the 7th day ; linseed-oil, 1 ft. GJ in. on the 7th day ; lard-oU, Ilf in. on 
the 5th day. The day given is in each case that on which the oil ceased to travel. There are 
several ways of applying the plane test. A very 
simple and general test of fiuidity is to dip blotting- 
paper in the oil, and hold it up to drain ; symmetrical 
drops indicate good fluidity ; a spreading tendency, 
viscosity. Eetention of the oil on the paper for some 
hours at 93J° (200° F.), or for some days at ordinary 
temperatures, will show the rate of gumming. 

Fire- testing is specially applicable to mineral oils. 

There are several forms of tester, as Tagliabue’s, 

Millspaugh’s, Abel’s, Saybolt’s, Psurrish’s, Salleron- 
Urbain’s, Sintenis’, Bernstein’s, and Bailey’s. The 
apparatus consists essentially of a receptacle for the 
oil to be tested, a water-bath surrounding the re- 
ceptacle, a lamp for heating the water-bath, a ther- 
mometer to indicate the temperatnres, an outlet for 
the vapour generated from the oil, and a means of 
reaching the oil itself. 

The form of tester recognized in this country 
under the Petroleum Act, 1879, is shown in Pig. 

1048. The oil-cup A consists of a cylindrical vessel 
of 2 in. diameter and 2^ in. internal height, with an 
outward projecting rim A Jg in. wide, | in. from the 
top, and IJ in. from the bottom of the cup. It is 
made of gun-metal ox brass tinned inside. A bracket 
A, consisting of a short stout piece of wire bent up- 
wards and terminating in a point, is fixed to the inside of the cup to serve as a gauge. The 
distance of the point from the bottom of the cup is IJ in. The cup is provided with a close-fitting 
overlapping cover made of brass, which carries the thermometer i and test-lamp m. The latter is 
suspended from two supports at the side by means of trunnions on which it oscillates, and is 
provided with a spout, whose mouth is J, in. in diameter. The socket to hold the thermometer 
m fixed at such an angle, and its length is so adjusted, that the bulb of the thermometer when 
inserted to its full depth shall be 1 J in. below the centre of the lid. 


1048. 
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The cover is provided with three square holes, one in the centre, in. by ^in., and two smaller 
ones, in. by in., close to the sides and opposite each other. These three holes may be closed 
and uncovered by means of a slide moving in grooves, and having perforations corresponding to 
those on the lid. In moving the slide so as to uncover the holes, the osciUatiug lamp is caught by 
a pin fixed in the slide, and tilled in such a way as to bring the end of the spout just below the 
surface of the lid. Upon the slide being pushed back so as to cover the holes, the lamp returns to 
its original position. Upon the cover, in front of and in line with the mouth of the lamp, is fixed 
a white bead i, the dimensions of which represent the size of the test-flame to be used. 

The bath or heated vessel B consists of two flat-bottomed copper cylinders, an inner one of 
3 in. diameter and in. height, and an outer one of SJ in. diameter and 5| in. height ; they are 
soldered to a circular copper plate C, perforated in the centre, which forms the top of the bath, in 
such a manner as to enclose the space between the two cylinders, but leaving access to the inner 
cylinder. The top of the bath projects both outwards and inwards about f in. ; that is, its 
diameter is about f in. greater than that of the body of the bath, while the diameter of the circular 
opening in the centre is about the same amount less than that of the inner copper cylinder. To 
the inner projection of the top, is fastened, by six small screws, a flat ring of ebonite, the screws 
being sunk below the surface of the ebonite, to avoid metallic contact between the bath and the 
oil-cup. The exact distance between the aides and bottom of the bath and of the oil-lamp is J in. 
A split socket similar to that on the cover of the oil-cup, but set at a right angle, allows a thermo- 
meter e to be inserted into the space between the two cyhnders. The bath is further provided 
with a funnel d, an overflow pipe /, and two loop handles ff. 

The bath rests upon a cast-iron tripod stand, to the ring of which, is attached a copper cylinder 
or jacket, flanged at the top, and of such dimensions that the bath, while firmly resting on the iron 
ring, just touches with its projecting top the inward-tumed flange. The diameter of this outer 
jacket is in. One of the three legs of the stand serves as support for the spirit-lamp attached 
to it by means of a small swiug-bracket a. The distance of the wick-holder c from the bottom of 
the bath is 1 in. 

Two thermometers go with the apparatus, one for ascertaining the temperature of the bath, the 
other for determining the flashing-point. The former has a long bulb and a space at the top. Its 
range is from about 32° to 88° (90°-190° F.) It is furnished with a metallic collar, fitting the socket, 
and the part of the tube below the scale should have a length of about 3J in. measured from the 
lower end of the scale to the end of the bulb. The thermometer for ascertaining the temperature 
of the oil is similarly fitted with collar and ivory scale; it has a round bulb, a space at the top, 
and ranges from about 13° to 66° (55°-150° F.) ; it measures from end of ivory back to bulb 2J in. 

The test is applied in the following manner : — The apparatus is placed where it is not exposed 
to draughts. The water-bath is filled by pouring water into the funnel d until it begins to flow 
out at the spout of the vessel. The temperature of the water at the commencement of the test is to 
be .54 J° (130° F.), attained in the first instance either by mixing hot and cold water in the bath, 
or in a vessel from which the bath is filled, until the thermometer which is provided for testing the 
temperature of the water gives the proper indication ; or by heating the water with the spirit- 
lamp (which is attached to the stand of the apparatus) until the required temperature is indicated. 

When a test has been completed, this water-bath is again raised to 130° F, by placing the lamp 
underneath, and is readily achieved while the petroleum-cup is being emptied, cooled, and refilled 
with a fresh sample to be tested. The lamp is then turned on its swivel from under the apparatus, 
and the next test is proceeded with. 

The test-lamp is prepared for use by fitting it with a piece of flat plaited candle-wick, and 
filling it with colza- or rape-oil up to the lower edge of the opening of the wick-tube. The lamp 
is trimmed so that, when lighted, it gives a flame of about 0 • 15 in. diameter, and this size of flame, 
which is represented by the projecting white bead i on the cover of the oil-cup, is readily main- 
tained by simple manipulation from time to time with a small wire trimmer. 

When gas is available, it may be conveniently used in place of the little oil-lamp, and for this 
purpose, a test-flame arrangement for use with gas may be substituted for the lamp. 

The bath having been raised to the proper temperature, the oil to be tested is introduced into 
the petroleum-cup, being poured in slowly until the level of the liquid just reaches the point of the 
gauge which is fixed in the cup. In warm weather, the temperature of the room in which the 
samples to be tested have been kept should be observed in the first instance, and if it exceeds 
65° F ., the samples should be cooled down to about 60° F., by immersing the bottles containing them 
in cold water, or by any other convenient method. The lid of the cup, with the slide closed, is then 
put on, and the cup is placed in the bath. The thermometer in the lid of the cup has been 
adjusted so as to have its bulb just immersed in the liquid, and its position is not under any 
circumstances to be altered. When the cup has been placed in the proper position, the scale of 
the thermometer faces the operator. 

The test-lamp is then placed in position upon the lid of the cup, the lead-line or pendulum. 
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■whicli has been fixed in a convenient position in front of the operator, is set in motion, and the rise 
of the thermometer in tlie petroleum-cnp is watched. When the temperature has reached about 
66° F., the operation of testing is to be commenced, the test-flame being applied once for every 
rise of one degree, in the following manner : — The slide is slowly drawn open while the pendulum 
perfoi ms three oscillations, and is closed during the fourth oscillation. 

If it is desired to employ the test apparatus to determine the flashing-points of oils of very low 
volatility, the mode of proceeding is to be modified as follows : — The air chamber which surrounds 
the cup is filled with cold water, to a depth of 1 J in., and the water-bath is filled as usual, but also 
with cold water. The lamp is then placed under the apparatus, and kept there during the entire 
operation. If a very heavy oil is being dealt with, the operation may be commenced with water 
previously heated to 120° F., instead of with cold water. 

The Schedule omits to state tliat the length of the pendulum to be used shall be 2 ft. from the 
point of suspension to the centre of gravity of the weight. 

The “ flashing-point ” of an oil is understood to mean the temperature at which the escaping 
vapour will momentarily ignite ; the “ burning- point” is that at which the oil takes fire and burns. 
Lubricating-oils should always flash above 120° (250° F.), and take fire at a considerably higher 
temperature. Animal and vegetable oils do not vapourize, but decompose at high temperatures, beyond 
the range of a water-bath. A comparison of petroleum, sperm-oil, and lard-oil showed the following 
respective figures Flashing-point : 118° (245° F.), 219° (425° F.), 246° (475° F.); igniting- 
point: 143° (290° F.), 252° (485° F.), 274° (525° F.) ; burning-point: 149° (300° F.), 260° (500° F.), 
274° (525° F.) The standard animal and vegetable lubricating-oils, and all mineral oils of good 
body and high sp. gr., decompose or vapourize only at temperatures exceeding that of steam in 
ordinary engines, the former usually and latter sometimes bearing steam at locomotive pressure. As 
to congealing-points, these have been mostly given in the case of each oil in the preceding pages. 
Under Ice, pp. 1134-5, will he found a number of freezing-mixtures useful for testing such points. 
The precise value of any lubricating material is best ascertained by one of Ihe many forms of 
apparatus devised for tliis purpcjse, such as McNuught’s, Kapler’s, Ingham and Stapper’s, Bailey’s, 
Ashcroft’s, Crossley’s, Van Cleve’s, Hodgson’s, &c., fully described and figured in 'Thurstou’s work 
quoted at the end of this article. 

The suitability of a lubiicating medium depends upon the character of the work being done, and 
is not constant. In order to procure the nearest possible approach to what is required for special 
purposes, many compounds are now in the market, being mainly mixtures of mineral and animal or 
vegetable oils in proportions calculated to develop the particular characteristics required. The 
general experience gained of various oils used for lubricating tends to the following results (1) A 
mineral oil flashing below 149° (300° F.) is unsafe, on account of causing fire ; (2) a mineral oil 
evaporating more than 5 per cent, in 10 hours at 60° (140° F.) is inadmissible, as the evaporation 
creates a viscous residue, or leaves the bearing dry ; (3) the most fluid oil that will remain in its 
place, fulfilling other conditions, is the best for all light bearings at high speeds ; (4) the best oil is 
that which has the greatest adhesion to metallic surfaces, and the least eohesion in its own 
particles : in this respect, fine mineral oils are 1st, sperm-oil 2nd, neatsfoot-oil 3rd, lard-oil 4th ; 
(5) consequently the finest mineral oils are best for light bearings and high velocities ; (6) the best 
animal oil to give body to fine mineral oils is sperm-oil ; (7) lard- and neutsfoot-oils may replace 
sperm-oil when greater tenacity is required ; (8) the best mineral oil for cylinders is one having 
sp. gr. 0'893 at 15i° (60° F.), evaporating-point 288° (550° F.), and flashing-point 360° (680° F.) ; 
(9) the best mineral oil for heavy machinery has sp. gr. O’ 880 at 15i° (00° F ), evaporating-point 
229° (443° F.), and flashing-point 269° (518° F.) ; (10) the best mineral oil for light bearings and 
high velocities has sp. gr. 0’871 at 15J° (60° F.), evaporating-point 218° (424° F.), and flashing- 
point 262° (505° F.) ; (11) mineral oils alone are not suited for the heaviest machinery, on account 
of want of body, and higher degree of inflammability ; (12) well purified animal oils are applicable to 
very heavy machinery; (13) olive-oil is foremost among vegetable oils, as it can be purified without 
the aid of mineral acids ; (14) the other vegetable oils admissible, but far inferior, stated in their 
order of merit, are gingelly-, ground-nut-, colza-, and cotton-seed-oils ; (15) no oil is admissible which 
has been purified by means of mineral acids. 

The results of W. H. Watson’s experiments upon the corrosive action of various oils on copper 
and iron surfaces are worthy of reproduction here. After 10 days’ exposure of copper to the action 
of the several oils named below, the effects were evidenced by the following quantities of copper 
held by them: — Linseed-oil, 0 • 3000 gr. ; olive-oil, O’ 2200 gr. ; ncats’-foot-oil, O’llOO gr. ; almond- 
oil, 0 1030 gr. ; seal-oil, 0’0485 gr. ; colza-oil, 0’0170 gr. ; sperm-oil, O’OOSO gr.; paiaffin, 0’0015 
gr. lion subjected to similar treatment for 24 days was affected to the following exteut : — Neats’ -foot- 
oil, 0’0875 gr. ; colza-oil, O’OSOO gr. ; sperm-oil, 0’0460 gr. ; lard-oil, 0 0250 gr. ; olive-oil, 
0"006’2 gr. ; linseed-oil, O’OOoO gr. ; seal-oil. O’ 0050 gr. ; castor-oil, 0 ’ 0048 gr. ; paraffin, 0’0045 gr. ; 
almond-oil, 0’0040 gr. ; special Inbiieating-oil, 0’0018 gr. These results show that the extent of 
the action of any oil on one metal is no guide to the degree in which it will affect another metal. 
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Boiling, Oxidizing, and Vulcanizing. — Certain oils (as shown by the table on p. 1467), 
possess a much greater “ drying” tendency than others, that is to say, on exposure to the air, they 
absorb oxygen, lose their greasiness, and ultimately become dry and hard. This property is availed 
of in the manufacture of linolenm (see p. 1001), of printing-ink (see p. 1170), of paints (see Paint), 
of oil-vamishes (see Varnish), &e. The oxidizing tendency is much increased by three separate 
processes : — (1) By exposure to the air in very thin layers, as detailed under Floorcloth, p. 1002 ; 
(2) by heating, or, as it is improperly termed, “ boiling,” which has been noticed under Ink, p. 1171, 
and will receive further attention here ; and (3) by the addition of “ driers ” while hot. 

The “boiling” process described on p. 1171, is still widely adhered to by printing-ink makers, 
and is declared to be indispensable for the manufacture of lithographic ink. A great improvement 
consists in the substitution of a steam-jacket for an open fire, and tbe blowing-in of air. The pan 
is best of copper, circular in shape, with an equal depth and diameter, and a rounded bottom. It 
is surrounded with an iron steam-jacket for about half its depth. Both pan and jacket are made 
to withstand a pressure of 40 lb. a sq. in. The top of the pan is closed by a dome rivetted to it, 
provided with a man-hole and a stuffing-box, the latter for admitting the shafts of a couple of fans, 
made to rotate in opposite directions, and intersecting each other. From a cupola on the dome, 
issues a 3-in. pipe for conveying away the vapours, to be treated as described under Floorcloth, 
p. 1004. The lower part of the pan is fitted with a 1-in. pipe, for introducing air under pressure 
through the jacket and into the pan. The oil (linseed) is run from a tank holding one batch for 
boiling (about 2 tons), when it has settled during 4-5 hours. The waste steam from the jacket 
passes through a coil of IJ-in. iron pipe in this tank, thus warming the oil somewhat, and tending 
to cause a sejmration of impurities. The oil runs at a temperature of about 35° (95° F.) into the 
pan, when steam is admitted to tbe jacket, and tlie fens are started. When the steam in the jacket 
reaches a pressure of 35 lb. a sq. in., the air-blast may be admitted. The heat and blast are main- 
tained for about 4 hours ; the pressrue of steam in the jacket must never be allowed to descend 
below 30-35 lb. a sq. in., white the admission of air is not gauged, but is kept up as long as the oil 
does not froth over into the condenser. The oil is run out by a 2-in. tap in the centre of the bottom, 
joined to pipes connected by running joints, the same tap being used for the admission of the air, 
and a second tap being provided beyond. 

When driers are used, as they almost always are, tbe oil drawn from the pan is allowed to rest 
for some time, so that the major part of the driers may settle out, and may be available for re-use. 
The action of the driers is various. Sulphate of zinc simply facilitates the separation of the vege- 
table albumen and mucilage present in the oil, and which impair its drying ; other substances, such 
as peroxide of manganese, peroxide of iron (umber), protoxide of lead (litharge), and other lead 
salts, either impart oxygen to the oil, or, dissolving in the oil, and being themselves oxidizable 
in combination, operate catalytically in increasing its oxygen-absorbing power. The recipes for the 
composition of the driers are kept secret ; but when using the steam process, the admixture of cata- 
lytic substances and litharge may be vsuied to produce any desired degree of colour, without affect- 
ing the drying, the shade deepening with the increase of the lead salt. The driers used must be 
of exceeding fineness, such as is only obtainable by running them with water through a series of 
settling-tanks. 

It has been stated by C. W. Vincent, before the Society of Arts, that the air does nothing to- 
wards making the oil “drying.” Linseed-oil heated for 3 days consecutively at a high temperature, 
in presence of the air, but without driers, required the same time to dry as the raw oil from which it 
was prepared, but the “ body ” was much increased. Heating alone for the same time with only 
surface exposure to air, produced no such increase of body ; the oil became more greasy, less pene- 
trative, and less drying. 

In sending boiled oil on long joumies, it is advisable always to add a proportion of raw oil, to 
avoid the risk of its becoming “ fatty,” and not free enough in working ; for a 3-months’ journey, 
and hoiled oil less than 1 month old, the proportion of raw oil may be 25 per cent. 

Dr. Domingos Freire has recently stated that the oxidation of oils is not due alone to the 
action of oxygen, but also to a fungus, which he names Microclados olecrum, a microphyte which 
cannot develop in oils containing phenol (carbolic acid), arsenious acid, or copper sulphate. 

Some remarks on the vulcanizing of oils will be found under the heading of Indiarubber Manu- 
factures, pp. 1161-2. A substance possessing many of the characteristics of indiarubber is made by 
mixing flowers of sulphur with hot linseed-oil. The oil is said to be heated in an iron pot over a 
fire to about 232° (450° F.) and is then removed, and placed under a hood for conveying vapours to 
the chimney. When the oil has cooled to about 176^° (350° F.), the sulphur is thrown in. The 
odours emitted are most offensive, and need every precaution for their rendering innocuous. The 
product is used as an adulterant of or substitute for indiarubber. 

Imports of Oils.— The imports of the various oils into the United Kingdom in 1879 were as 
follows ; — 

Train-oil or blubber : from British N. America, 10,059 tuns, value 268,068f. ; United States, 
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3244 tuns, 75,350?.; N. whale fisheries, 1717 tuns, 40,746?.; Norway, 1303 tuns, 36,025?.; Spain, 
449 tuns, 11,552?. ; other countries, 1177 tuns, 30,073?. ; total, 17,949 tuns, 461,814?. 

Spermaceti or head-matter : from the United States, 1527 tuns, 85,793?. ; Australia, 351 tuns, 
20,341?. ; Chili, 96 tuns, 5816?. ; other countries, 273 tuns, 15,540?. ; total, 2247 tuns, 127,490?. 

Animal oils : from the United States, 94,449 cwt., 166,492?. ; France, 4919 cwt., 10,479?. ; other 
countries, 7781 cwt., 11,134?. ; total, 107,149 cwt., 188,105?. 

Palm-oil: (foreign) from W. coast Africa not particularly designated, 657,142 cwt., 996,294?.; 
Fernando Po, 6460 cwt., 10,310?. ; Portuguese possessions, 3544 cwt., 5475?. ; Gold Coast, 202,151 
cwt., 310,301?. ; British W. Africa, 5835 cwt., 8894?. ; other countries, 6197 cwt., 13,514?. ; total^ 
881,329 cwt, 1,344,788?. 

Castor-oil ; from the British E. Indies, 105,854 cwt., 204,845?. ; other countries, 2392 cwt., 5363?. ; 
total, 108,246 cwt., 210,208?. 

Coco-nut-oil: from Ceylon, 111,318 cwt., 216,358?.; Madras, 59,479 cwt., 122,460?.; Mauritius, 
12,252 cwt, 23,323?.; Bombay, 9134 cwt, 20,342?.; other countries (including “Sydney” and 
“ Cochin ”), 7808 cwt., 15,582?. ; total, 199,991 cwt, 398,065?. 

Olive-oil; from Italy, 16,474 tuus, 763,450?. ; Turkey, 4681 tuns, 198,253?.; Greece, 3376 tuns, 
141,484?.; Spain, 411 tuns, 18,559?. ; France, 331 tuns. 17,127?.; Egypt, 302 tuns, 12,782?.; other 
countiies, 623 tuns, 27,366?. ; total, 26,198 tuns, 1,179,021?. 

Seed-oils of all kinds : from Germany, 10,641 tuns, 334,909?. ; France, 1892 tuns, 71,079?. ; 
United States, 1257 tims, 35,194?. ; Holland, 1071 tuns, 35,749?. ; Belgium, 626 tuns, 19,000?. ; other 
countries, 378 tuns, 13,044?. ; total, 15,865 tuns, 508,975?. 

Chemical, essential, or perfumed oils : from Italy, 203,881 lb., 62,536?. ; France, 108,399 lb., 
35,522?. ; United States, 82,544 lb., 37,522?.; China, 62,711 lb., 16,534?. ; British E. Indies, 59,207 lb.. 
13,782?, ; Germany, 27,667 lb., 11,788?. ; Turkey, 1366 lb., 9842?. ; other countries, 17,028 lb., 
7014?. ; total, 562,803 lb., 194,540?. 

Unenumerated oils : from France, 21,481?. ; United States, 18,976?. ; Australia, 16,350?. ; 
Belgium, 12,021?. ; other countries, 15,162?.; total, 83,990?. 

Petroleum — unrefined ; from the United States, 1765 tuns, 13,101?. ; other countries, 128 tuns, 
440?.; total, 1893 tuns, 13,541?. Eefiued: from the United States, 42,478,427 gal., 1,349,616?.; 
other countries, 324,828 gal., 19,377?. ; total, 42,803,255 gal., 1,368,993?. 

Prices of 0i?3.— The approximate London market values of the principal oils and fats of commerce 
are as follows : — Tallow : St. Petersburg Y.C., new, 37-45s. a cwt., old, 35-43s. ; Australian beef, 
35s. 6<?.-37s.; sheep, 38s.-39s. 6c?.; South American sheep, 36-42s., beef, 39s. 6c?.-42s. ; North 
American, 35-40s.-; British rough fat. Is. 6c?.-ls. Id. a stone, town fat, 3Ss. 3(?. a cwt., melted stuff, 
27s. 6c?. a cwt., rough melted stuff, 14s. a cwt. Spermaceti : refined. Is. 3c?.-ls. 4c?. a lb. ; American 
Is.-ls. 2d. Seed-oil : pale, 29-30?. a tun; yellow to tinged, 25?.-29?. 10s.; brown, 24-26?. Sperm, 
oil : 60-68?. a tun. Cod-oil, 27?. 10s.-29?. a tun. 'Whale-oil : pale, 26-29?. a tun ; yellow, 25-28?. ; 
brown, 20-26?. Cod-liver oil, 2s. 9i?.-5s. a gal. Lard-oil, 38-44?. a tun. Tallow-oil, 31-35?. a tun. 
Castor-oil : E. Indian, 4J-5J(?. a lb. ; inferior, 4J-4|c?. Olive : Gioja, 43?. a tun ; Levant, 45-46?. . 
Spanish, 46-49?. ; Sicily, 46?.-46?. lOs. Coco-nut-oil: Cochin, 39-50?. a tun ; Ceylon, 36?. 15s.-47?. 
Mauritius, 37?. 10s.-46?. Palm-oil : fine Lagos, 36?. 10s.-37?. a tun ; palm-kernel oil, 36-38?. 
Linseed-oil, 24?. 2s. 6c?. -28?. 10s, a tun. Kapeseed-oil : English pale, 31?. 15s.-32?. a tun ; brown, 
29?. 15s.-30?. Cotton-seed-oil: refined, 26-30?. a tun. Almond-oil: essential, 20 -30s. a lb.; 
expressed. Is. 10cf.-2s. Aniseed-oil, essential, 9-lls, a lb. Cajuput-oil ; essential, 3s. 6(?.-4s. 6c?. a 
bottle. Caraway-oil : essential, 2s. 6c?.-6s. a lb. Oassia-oU ; essential, 2s. 8c?.-4s. Sd. a lb. Cinna- 
mon-oil : essential, 2s. 2c?.-5s. 6<?. an oz. ; leaf, 1 J-l|c?. Citronella-oil : essential, 3-5Jcf. an oz. Clove- 
oil: essential, 8s. 9(i.-9s. a lb. Croton-oil, 2|-2J(?. an oz. Ginger-grass-oil: essential, 2§-,3J(7. an oz. 
Lavender-oil : essential, 7s. 6c?. a lb. Lemon-oil : essential, 3s.-5s. 6c?. a lb. Lemon-grass-oil : 
essential, 2|-4J<?. an oz. Mace-oil: expressed, 6-7c?. an oz. Neroli-oil: essential, 6-9s. an oz. 
Nutmeg-oil : essential, 2J-4c?. an oz. Orange-oil ; essential, 5-7s. a lb. Otto of rose, 15-35s. an oz. 
Patchouli, Is. 6c?.-3s. an oz. Peppermint-oil : essential, American fine, 10s.-15s. 6c?. a lb. ; English, 
21-23s. Pimento : essential, 12s. 6c?. a lb. Eosemary-oil ; essential, 3s. 6c?. a lb. Sassafras-oil : 
essential. Is. 9c?.-3s. 9c?. Spearmint-oil : essential, 13s. 6<?. a lb. Thyme-oil: essential, 5s. a lb. 

Bibik) jraphy. — H. P. Hawkes, ‘ Beport on the Oils of S. India ’ (Madras : 1855) ; H. Eaiband- 
L’Angre, ‘L’Olivier, sa culture et ses produits’ (Paris: 1861); B. H. Paul, ‘Utilization of Peat : 
Manufacture of Hydrocarbon Oils ’ (Jour. Soc. Arts, Vol. x.. No. 523, London : 1862); J. Eeynaud, 
‘ Guide pratique de la culture de I’Olivier ; son fruit, et sou huUe (Paris ; 1862) ; T. Chateau, 
‘ La Connaissance et I’Exploitation des Corps gras Industriels ’ (2ud ed. Paris : 1863) ; C. Tom- 
linson, ‘ Verification of Olive-oil by means of its cohesion-figure ’ (Jour. Soc. Arts, Vol. xii.. 
No. 589, London: 1864); W. Wright, ‘The Oil-regions of Pennsylvania’ (New York, 1865); 
G. J. Mulder, ‘ Die Chemie der Austrocknenden Oele ’ (Berlin : 1867) ; M. L. Eoze, ‘ La Menthe 
Poivr^e ’ (Paris : 1868) ; Daliciin et Ferdinand Jean, ‘ Methodes chimiques servant a determiner 
la valeur commerciale des Mati'eres Grasses, Glycerines, Savons, Circs, &c.’ (Paris [Monitcur 
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Scientifique]: 1868); B. H. Paul, ‘Liquid Fuel’ (London: 1868); G. Carusso, ‘ Coltivazione 
degli Olivi, e manufattura dell’ olio’ (Palermo: 1870); J. de Hidalgo Tablada, ‘Tratado del 
cultivo del Olivo en Espafia, y modo de mejorarlo ’ (Madrid : 1870) ; D. Capponi, ‘ Monografia sulla 
Fabricazione degli Olii d’Uliva’ (Genoa: 1871); C. F. Chandler, ‘Petroleum as an Illuminator’ 
(New York: 1871); C. W. Vincent, ‘Boiled Oils and Varnishes’ (Jour. Soc. Arts, Vol. xix.. 
No. 960, London: 1871); L. A. Bernoys, ‘The Olive and its products, and the manufacture 
of the oil ’ (Brisbane : 1872) ; J. Wiesner, ‘ Die Kohstoffe des Ptianzenreiches ’ (Leipzig : 
1873); Bernardin, ‘Classification de 160 Huiles et Graisses Vegetales et 95 Huiles et Graisses 
Animates’ (2nd ed. Ghent, 187-1); M. Barret, ‘Combustion des Huiles et des Essences des Petrole’ 
(Paris; 1871); G. Cappi, ‘La Coltivazione dell’ Olivo, e I’estrazicjne dell’ Olio’ (San Kemo : 
1875); Barbe, ‘Etude sur I’Olive’ (Nice: 1875); S. Gesell, ‘Magyar es gacsorszagi Petroleum 
dojovetel helyzeti terre ’ (Budapest ; 1875) ; E. Windakiewicz, ‘ Das Erdol und Evdwachs in 
Galizien ’ (Berg-und Huttenmannioches Jahrbuch, Band xxiii.. Heft i., Vienna : 1875) ; O. 0. D. 
Boss, ‘ Air as Fuel, or Petroleum and other Mineral Oils utilized by carburetting air and rendering 
it inflammable ’ (2nd ed. London : 1875) ; A. Aloi, ‘ Manuals per la Coltivazione dell’ Ulivo ’ 
(Milan : 187.5) ; M. C. Cooke, ‘ The Oil-seeds and Oils in the India Museum, or produced in 
India’ (London : 1876) ; P. L. Simmonds, ‘ Tropical Agriculture ’ (London : 1877) ; A. Coutance, 
L’Olivier; Histoire, Botanique, Regions, Culture, Produita, Usages, Commerce, Industrie, &c.’ 
(Paris; 1877); P. L. Simmonds, ‘Animal Products’ (London; 1877): A. W. Hofmann, ‘ Entwicke- 
lung der Chemischen Industrie ’ (Brunswick : 1877) ; C. Deite, ‘ Die Industrie der Fette ’ (Bruns- 
wick ; 1 878) ; B. C. Lepage ‘ The plant Gynocardia odorata, from which Chaulmugra-oil is obtained ’ 
(2nd ed., London : 1878) ; F. von Muller, Wittstein’s ‘ Organic constituents of Plants ’ (Melbourne : 
1878); P. L. Simmonds, ‘Commercial Products of the Sea’ (London: 1879); L. Strippelmann, 
* Die Petroleum-iudustrie Oesterreich-Deutschlands ’ (Leipzig ; 1879) ; P. Schweitzer, ‘ Petroleum ’ 
(Columbia, Mo. : 1879); L. Wittmack, ‘ Die Nutzpflanzen allerZonen ’ (Berlin : 1879); H. Perutz, 
‘Die Industrie der Mineralole’ (Vienna: 1880); ‘Manufacture of Oleomargarine in the United 
States,’ Corres. pres. Purl. (London: 1880); M. Lindeman, ‘Die Seefischereien in 1867-1878’ 
( Erganzungsheft No. 60 zn Petermann’s Mittheilungen, Gotha : 1880) ; B. S. Cristiani, ‘ Soap and 
Candles, with a glance at the industry of Fats and Oils ’ (Philadelphia and London : 1881) ; 
B. Decugis, ‘Les Tourteaux des Graiuesole'agineuses’ (Toulon). 

(See Bones ; Candles; Coal-tar Products ; Drugs; Floorcloth; Ink; Nuts; ParaflSn ; Perfumes; 
Photometry; Pigments and Paint ; Besinous Substances; Soap; Varnish; Wax). 

PAF£B. (Fr., Papier; Ger., Papier). 

The manufacture of paper may bo conveniently divided into two main sections :—(l) the 
materials which are or may be employed for the purpose ; and (2) the methods by which those 
materials are converted into paper and finished for the market. 

The Kaw Materials. — In former days, paper was manufactured exclusively from rags, either 
linen or cotton ; but the increased demand for it, for printing and other purposes, has made it 
absolutely necessary that some more abundant source should be found. Paper is composed chiefly 
of cellulose, in a more or leas purified state, and as this forms the basis or groundwork of all 
vegetable life, it is obvious that the supply of raw materials is practically unlimited. But as 
cellulose in nature is found intimately associated with colouring and incrusting matters, the 
removal of which involves the use of comparatively expensive chemicals, the paper-manufacturer, 
in fixing his choice on a raw material, must take into consideration not only its first cost, but also 
the amount and character of such combined substances, and the comparative ease or difficulty with 
which they can he removed, iu order to secure the cellulose in a pure state. 

The following list contains the more important materials actually in use for manufacturing 
paper : — Bags, linen and cotton ; flax ; hemp ; esparto or alfa ; woods of various kinds ; straw ; 
old ropes; jute; old sacking; manilla hemp; canes and bamboo; and Adaneonia fibre. To 
these, might be added an almost innumerable list of other substances which are used to a very 
limited extent. The production and commerce, and in many cases the structure, of the vegetable 
fibres, will be found described at length in the article on Fibrous Substances, pp. 909-1000. In this 
article, attention will be confined to the paper-making qualities of the chief materials. 

Sags.— Though, strictly speaking, not law material, the substance of the rags havino- under- 
gone a purifying treatment before being manufactured, they may conveniently be classed°as such 
here. Bags may be obtained iu an almost endless variety, differing according to the locality 
in which they are gathered. They are generally sent to the paper-maker packed in bales 
having been to a certain extent sorted. For trade purposes, rags are divided into a large number 
of classes or grades, distinguished by various letters. When rags are stored in large quantities, 
care. should be taken that they are perfectly dry, as, if at all damp, they are liable to fire, from the 
heat developed by slow decomposition. Nearly all the incrusting and colouring matters having 
been removed from the cotton or flax from which the rags are made, iu the textile manufacturing 
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processes, it follows that they consist of tolerably pure cellulose, and therefore yield a large 
percentage of fibre. This, together with the fact that they are readily bleached to a very pure 
white, the resulting fibre being exceedingly strong, renders them a most valuable material. Alone, 
they are used for only the finest qualities of paper, but they are often mixed with inferior fibres to 
give strength. 

Flax . — Kaw flax being in great demand for textile purposes, cannot be economically manu- 
factured directly into paper. Such portions, however, as are rejected by the spinner can thus 
he made use of. (See Fibrous Substances, pp. 964-978 ; Linen Manufactures, pp. 1246-1255). 

Hemp . — Hemp is generally used only in the form of old ropes, &c. (See Fibrous Substances, 
pp. 934-8 ; Hope.) 

Esparto . — This grass is perhaps, next to rags, the most important material used by paper-makers 
in this country. The consumption has steadily increased since it was first introduced by 
Routledge in 1856. Various qualities of esparto are known, the best of which is imported from 
Spain. Slightly inferior qualities are brought from various districts in N. Africa. (See Fibrous 
Substances, pp. 978-981.) The amount of fibre in esparto varies according to the locality in 
which it is grown, Spanish yielding more than any other kind. According to Dr. Hugo Muller, 
Spanish esparto contains 49' 52-50 ‘19 per cent, of cellulose, and African, 47’ 55-50" 16 per cent. 
This, of course, does not represent the amount of fibre actually obtainable by the manufacturer, a 
considerable loss occurring during the various processes to which it is subjected. The yield of 
bleached fibre obtained in practice probably does not much exceed 40 per cent. 

Wood.— Two varieties of pulp suitable for paper manufacture may be obtained from wood, 
viz. mechanically and chemically prepared pulps. Almost any kind of wood may be used, those 
being chosen which most readily yield a pulp by suitable treatment. Hitherto wood-pulp has 
not been very largely employed by paper-makers in this country, chiefly because there has been 
a plentiful supply of other material ; but in America and on the Continent, large quantities are 
consumed every year. What is used here comes principally from Sweden and Norway, and may 
be obtained either bleached or unbleached. When properly prepared, wood-pulp is a very valu- 
able matei"ial, and may be used either alone or mixed with other fibres in papers of good quality. 
The amount of cellulose differs in various woods, running from 39 "47 (oak) to 56 "99 (fir). 

Straix.—Aa a material for mixing with other fibres, straw-pulp is in great demand. For this 
purpose, it is valuable ; but if used atone, only very inferior paper can be made from it. Though 
straw does not yield a very large amount of fibre, yet the supply of it is in most districts pretty 
considerable and constant. The varieties generally used are oat, wheat, rye, and barley; of 
these, rye is considered the most suitable, on account of its yielding the largest amount of fibre : 
next in importance comes wheat. The amount of actual cellulose in straw is comparatively large 
(say 49"00), but probably not more than 35 per cent, is actually obtained as pulp, the reason being 
that a large portion of the cellulose is in the state of loosely aggregated cellular tissue, and that 
much of this is lost in the treatment. 

Jute . — Fibre from jute possesses properties that would render it extremely valuable as a 
paper-making material, if means could be devised whereby it could be economically bleached to 
a good white, at the same time preserving the strength of the fibre. Hitherto, this has not been 
accomplished, hence jute has received only a limited application, having been used chiefly for 
papers in which a great degree of whiteness is not essential. Jute is usually obtained in the 
form of “ butts ” or “ cuttings,” these being the portions (root-ends, &c.) rejected by the textile 
manufacturer. (See Fibrous Substances, pp. 940-5 ; Jute Manufactures, pp. 1176-1186). 

Bamboo and Cane.— Mach attention has been given of late years to the bamboo (see Fibrous 
Substances, pp. 920-1) as a probable source of paper -making material. It has been made the 
subject of a series of very carefully-conducted experiments by Thos. Routledge, and is highly 
recommended by him. Before the subject was taken up by him, many attempts had been made 
to obtain pulp from the bamboo, but they were economically unsuccessful, as tlie large amount of 
silica present rendered it necessary to act upon it with very strong solutions of caustic soda, at 
high pressure (150-160 lb. a sq. in.). The difBculties of such a treatment are well-nigh insur- 
mountable. In all these trials, it was the well-developed and matured plant that was used. If, 
instead of this, the young and succulent shoots are taken, before the plant has had time to 
develop much woody substance or silicions covering, the case is materially altered. These 
shoots are very easily reduced to a suitable paper-making material, by simple digestion in com- 
paratively weak solutions of alkali, at the ordinary atmospheric pressure. Before this treatment, 
however, Routledge proposes to free the plant from a large quantity of sap and juice by crushing 
between fluted rollers ; this considerably facilitates the subsequent boiling operation. Owing to the 
fact that the young green shoots contain about 75 per cent, of moisture, and that the remainder 
yields only 60 per cent, of fibre, it would be necessary to partially prepare the fibre at or near the 
spot where the bamboo is cultivated. The quality of the pulp produced is excellent. The 
bamboo grows with enormous rapidity, sometimes at the rate of even 1 ft. in a single night, and 
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according to Bontledge, if the cutting of the shoots be attended to carefully, the plant will 
continue year after year to throw out fresh ones. The variety to which attention has hitherto 
been directed is Bamhusa vulgaris ; there are, however, other members of the same family which 
would perhaps be equally suitable. There appears not the slightest doubt, that if Eoutledge’s 
conclusions are correct, we have here an almost boundless and very valuable source of material. 
Unfortunately, the opinions of experienced men differ somewhat on the question ; but notwith- 
standing this, the subject is one that deserves very careful attention, as it is becoming obvious 
that in the future, perhaps the near future, the supply of esparto, to which the paper-makers of 
this country now look for the largest proportion of their raw material, will be considerably smaller 
than at present, and may in fact ultimately cease altogether. That it is steadily diminishing, is 
evident, and this, together with the fact that it takes about 14 years to raise from seed, if indeed 
it could be conveniently done at all, renders it absolutely necessary that manufacturers should 
devote more attention to probable new sources of material. 

In America, a considerable quantity of paper is annually made from pulp prepared from cane 
( Arundinaria macrosperba). It grows profusely in the lowlands of the Mississippi, and along the rivers 
of N. and S. Carolina, and, labour being cheap in those districts, it can be very economically 
gathered. The fibre, which is sold to the paper-maker in the form of half-stuff, is obtained by a 
very curious process. The cane, cut into pieces, is tightly packed into strong cast-iron cylinders, 
called “ guns,” about 22 ft. long and 1 ft. in diameter, fitted with strong ends, and provided with 
a very strong dome for containing steam. Steam is sent into these cylinders until a pressure of 
about 180 lb. a sq. in. is indicated ; this is kept up for about 15 minutes ; the end of the cylinder 
is then suddenly opened, and the whole mass of cane is forced violently out against a target pro- 
vided in case of accident. While in the gun, the pores of the cane are filled with the highly 
Compressed steam, which, on reaching the outer air, expands rapidly, with a loud report, like that 
of a cannon, with the effect of thoroughly disintegrating the cane, and reducing it to a fibrous 
state. It appears that the effect is due partly to chemical and partly to mechanical action. The 
fibre thus produced is well washed, and beaten under revolving rolls fitted with knives, similar to 
those used in the beating-engines of paper-mills. 

Waste paper . — A very important source of material is waste paper, large quantities of which are 
remanufactured. Any kind of old paper can thus be utilized, and as it has already undergone the 
necessary treatment, very little more is required to prepare it. It generally goes by the names of 
“ broke ” or “ imperfections.” 

Manupaotuee . — Treatment of Esparto . — As by far the largest proportion of the paper manufac- 
tured in Great Britain is made, if not entirely, at least largely, of esparto, and as the processes to 
which this fibre is subjected are typical of the treatment which other fibres undergo, with such 
exceptions as will be pointed out in their proper place, the methods in general use for the prepara- 
tion of this important material will fitly occupy the foremost place. 

The first process is the removal of accidental impurities, such as pieces of weed, root-ends, (fee., 
which, from their nature, are with great difficulty boiled and bleached, and would not only there- 
fore tend to deepen the colour of the bulk of fibre produced, but would be liable to appear subse- 
quently in the finished paper as dark-coloured specks, technically known as “ sheave.” This 
treatment, which is called “ dry-picking,” in contradistinction to a subsequent process, known as 
“ wet-picking,” is generally performed by girls, who work at separate tables placed in a long row. 
A portion of the table set apart to each girl is covered with a very coarse iron-wire gauze, on 
which small bunches at a time of esparto are spread, to enable the worker more readily to see the 
imperfections, and through which small impurities, such as sand, pass away. It has been proposed 
to economize time and labour by using a machine for the purpose of dry-picking. One of the beat 
machines of the kind is that made by Masson and Scott. In it, the grass is first put through a 
conical willow, where all the dust is removed by a blast, and carried away into a separate chamber. 
The grass so purified is brought forward on an endless travelling felt, at each side of which, girls 
are placed to remove the roots and other objectionable bodies. The grass so sorted is then taken 
to the boiler-house. 

Boiling. — There are several sorts of boilers in use, but only two call for special notice. The one 
in ordinary use is shown in Fig. 1049. The grass is put in by the door E, which can be firmly 
fastened down by the screws F. The steam enters by the pipe A, which goes a little below the 
perforated bottom B. Surroimding the steam-pipe is a wider pipe 0, open at the top, and made 
slightly trumpet-shaped, also open at the bottom, below the false bottom. It carries at its lower 
end a kind of shoulder, on which the false bottom rests. The enlarged part of this tube beyond 
the shoulder has two or more openings G, through which the liquor can freely pass. The action 
of the boiler is as follows The steam from the pipe A heats the liquor that has drained from the 
grass through the perforations in the false bottom B, and, forcing it up the wide pipe 0, causes it 
to strike against the dome or bonnet D, and distribute itself again over the grass. This is tech- 
nically called “ vomiting.” The boiler is emptied by the door H, and the liquor is run off by the 
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tap I. The boilers are usually supplied with a safety-valve K. The weights L are for convenience 
in lifting the door E. 'While the boiler is being filled with grass, the vomit is usually kept going ; 
this has the effect of softening the grass, and allowing it to be more closely packed. 

This form of boiler is not suitable for use with very high-pressure steam. Under such circum- 
stances, it is slightly modified. In Sinclair’s patent high-pressure boiler, there are two false bottoms 
communicating with each 
other by means of short pipes. 

The vomit-pipe extends as 
far as the lower partition, 
and the steam enters at the 
bottom of the boiler. In 
Eoeckner’s, the compartment 
formed by the perforated 
bottom communicates vrith 
the top of the boiler by 
means of a pipe outside, 
which has a bend in it, 
forming a complete circle- 
This is with the object of 
keeping the pipe always 
full of liquor. The vomit is 
produced by steam entering 
the pipe at the bottom of the 
bend. In some mills, rotary 
boilers are employed for 
esparto, but their use is far 
from being general. 

It is impossible to give 
anything like exact figures 
for the amount of caustic 
soda necessary to properly 
boil esparto, so much de- 
pending upon the quality of 
the grass, the style of boiler 
employed, and the class of 
paper proposed to be manu- 
factured. The same effects 
may sometimes be produced 
by boiling with a small quantity of caustic soda for a long time, or at a high pressure ; or for a 
shorter time, or at a lower pressure, with a larger proportion. 

The proportion given by Eoutledge, to whom the development of the esparto process is due, is 
10 per cent, of pure caustic soda. In respect to the boilers, it is said that Kceekner’s form is the 
most economical, as, other things being equal, a smaller quantity of soda is sufficient. The time 
required is also subject to much variation, some mills boiling for four and others for eight hours. 

Washing. — Theb6iling being completed, the steam is turned off, the lid is removed, and the 
almost black liquid, highly charged with matter (resin, silica, &c.) extracted from the grass, is run 
away to a large store-well. Water is now run in, the lid is fastened on, and steam is turned 
on again for a short time. The liquor from this washing is also run into the store-well. The 
grass is next removed by the bottom door H, and is carried away in trucks to the “ wet-picking ” 
house, where it is again overhauled, and any unboiled portions are removed. In some mills, where 
a great degree of purity is not required in the paper, this sorting process is dispensed with. 

It is now taken to the breaking- or washing-engine, where it is reduced to pulp, and washed free 
from the liquor remaining after the partial washing in the boiler. The construction of the engine will 
be readily understood by reference to Fig. 1050. It consists essentially of a large rectangular vessel, 
with oval ends, in the centre of which is a partition B, technically called the “ mid-feather.” The 
roll A, carrying the knives G, and driven from the wheel H, revolves in one of the compartments 
formed by the mid-feather. In this compartment, the floor is inclined so as to bring the pulp well 
under the roll, as shown by the dotted line D. Immediately under the roll, is what is called the 
“ bed-plate,” the end of which is seen at I, extending up to the mid-feather, and fltted with knives, 
similar to those in the roll A. The distance between the roll and the bed-plate can be altered by 
means of the handle E. After passing between the roll and the bed-plate, the pulp flows down the 
peculiar elevation known as the “ back-6,11,” shown by the dotted line D', and finds its way round 
to the other side of the mid-feather. On the inclined part of the floor, and just in front of the bed- 
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plate I, is placed a grating for the purpose of catehiug sniail pieces of stone, and other heavy sub- 
stances that may have found their way into the pulp. There is generally a simile grating, - but 
with rather finer openings, on the other side of the mid-feather. The whole engine is usually made 
entirely of iron in one casting, though in some cases, the sides are of iron and the floor is of wood. 
The drum C serves to run off the wash-water. It is divided into four or five compartments by the 
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partitions shown by the dotted lines c. The centre of the drum is a conical tube, the narrow end of 
which is towards the mid-feather ; this causes the water to flow into the spout L, and down the 
mid-feather, which is made hollow at this part for the purpose. Or tlie water, as in the older forms, 
may be conducted along a trough placed across the engine. The sides of the drum are commonly 
made of maho'gany, as this is found to stand the action of the soda better than any other wood. 
The circumference is covered with fine copper gauze, backed with a very much coarser material. 
The drum can be raised or lowered by the small wheel F, and it is driven by a belt from the shaft 
that bears the roll. The pulp is discharged through a valve in tlie bottom. The tap K may he used 
for the purpose of cleaniug the engine. The breaker is first half-filled with water, and then the 
charge of grass is put in. In about 20 minutes, it is sufficiently broken up, and the water is then 
run off by the washing-drum, fresh water at the same time running in, in order to ensure a thorough 
washing. At this stage of the manufacture, the pulp goes by the name of “ half-stuff.” 

Bleaching. — The next step in the process is to bleach the pulp. For this purpose, it is run from 
the breaker into a “ poacher,” placed at a slightly lower level. The poacher very closely resembles 
the breaker, except that it is somewhat larger, and contains, instead of knives, a number of east-iron 
paddles on the circumference of a hollow drum, with which to thoroughly stir the pulp. Bleaching- 
liquor, usually made in another part of the mill, by dissolving bleaching-powiler in water, is now run 
in, and the whole is thoroughly mixed up by means of the paddles. It is the practice in some mills 
to assist the bleaching operation by the addition of a small quantity of an acid, either hydrochloric 
or sulphuric. Other manufacturers attain the same end by heating the mass with a jet of steam to 
about 32° (30° F.) ; others, again, put in a small quantity of bicarbonate of soda, a portion of the 
carbonic acid of which has the same effect as hydrochloric or sulphuric acids. 

The quantity of bleaching-powder necessary is subject to considerable variation, depending 
greatly upon the quality of the grass, and the extent to which it is boiled ; 12 lb. per ewt. of 
esparto may be considered a fair average quantity. After remaining in the poacher for about 2 hours 
the almost perfectly wliite pulp is run off into large chests or drainers, and allowed to remain there 
for about 8 hours, or longer if convenient The chests are supplied with perforated bottoms, 
through which a large proportion of the liquor drains away. It is said that the action of li<»ht 
assists the bleaching process, and for this reason, the chests are often placed in an exposed position. 
The drained pulp is next transferred to hydraulic presses, where most of the liquor left in is got 
rid of. 

The preceding method of treating the grass is the one usually adopted, but, in some eases 
other systems are in use. Thus, instead of breaking and bleaching in separate engines, some manu- 
facturers perform the two operations in the breaker, which, in this case, is provided with two drums. 
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one covered with coarse game for removing the liquor from the boiling operation, and the other for 
removing the excess of bleach, when the pulp is considered white enough, which usually happens 
in about 2J hours. The gauze on the drum for removing the bleach is finer, because at the end of 
the operation the pulp is much finer, and would therefore pass in considerable quantity through a 
coarse one. In this modified system, the pulp is not pressed, but, after the excess of bleach has been 
washed away through the drum, is run off into the “beaters.” 

Beating. — ^Beating.enginea differ but little in appearance from breaking-engines. The revolving 
roll, however, carries more knives, and is let down much nearer to the bed-plate, in order to 
complete the process only partially done in the breakers, of reducing the esparto to a suflSciently 
fine pulp. It is in the beaters that the final preparations of the pulp are made, and much 
care is necessary in their management. The bleached pulp from the hydraulic presses, or direct 
from the breakers, according to the system of bleaching employed, is placed in the beaters 
together with a quantity of water carefidly filtered through a bag of woollen felt. 

Immediately after furnishing the engine, a quantity of some loading or filling material is run in. 
The one usually employed, as being the most economical, is kaolin or China-clay (see pp. 635-9). 
The addition of China-clay in moderate quantity can hardly be looked upon as an adulteration, 
since it serves to close up the pores of the paper, and enables it to take a good surface. Of course, 
if added largely, it tends to weaken the paper. The clay is usually made into a fine milk with 
water, by being mixed in vessels provided with revolving agitators, placed above the level of the 
beaters. Before being run into the engine, it is carefully sieved through fine wire-cloth. Occasion- 
ally papers are made without any clay. Other filling materials have been proposed, and several 
others are in actual use, the chief of these being precipitated sulphate of lime, or “pearl- 
hardening this, however, is used only in the finest class of papers, it being too expensive for 
ordinary use. No rule can be given for the amount of loading material to be used, as papers are 
made with quantities varying from 5 to 15 per cent., and even more. When the clay or other sub- 
stance exceeds 15 per cent., it certainly cannot be to the advantage of the user. 

The quality of the water la a matter of the utmost importance in the manufacture of fine papers. 
Above all things, it should be free from suspended matter, and from dissolved iron. While much 
of the former can be removed by settling in large ponds, and by careful filtration, the latter cannot 
be economically eliminated, and is liable to be precipitated in the fibre, thus injuriously modifying 
the colour of the paper. 

The subsequent treatment of the pulp depends on the kind of paper that is required. Papers 
may be roughly divided into two classes, viz., “ tub-sized ” and “ engine-sized.” As all papers, even 
tub-sized, excepting blotting- or water-leaf-paper, are more or less sized in the engine, this may 
form the next point for consideration. 

Sizing. — The principle upon which engine-sizing depends is briefly this, viz. the precipitation 
and intimate mixture with the pulp of a substance which, when dry, will to some extent fill up the 
interstices between the fibres of the paper, and which possesses the property of being with difBoulty 
wetted with water. Such a substance is the compound of common rosin with alumina. In order 
to obtain a thorough mixture of this body with the fibre, it is always formed in the engine by 
adding an aqueous solution of rosin-soap to the pulp, and when this is intimately mixed with it, 
running in a solution of alum. The rosin-soap is made in the following manner. Ordinary rosin, 
the quality depending on the quality of paper required, is boiled, preferably in a steam-jacketed 
boiler, with a solution of carbonate of soda (ordinary washing soda) until a sample of the soap formed 
is completely soluble in water. This takes place in about 2J hours. The amount of carbonate of 
soda used differs widely, though why, it is difiScult to see ; usually about 1 part to 3 of rosin is 
considered necessary. Any excess above the quantity required to thoroughly dissolve the rosin is 
useless and wasteful, because, if left in the soap, it consumes an equivalent quantity of alum, and 
cannot possibly serve any good purpose. The boiling being completed, the charge is run off into 
iron tanks, and allowed to settle. The soap soon cools to a semi-solid mass, and a quantity of 
liquor, containing a considerable portion of the impurities, such as colouring matter, of the rosin, 
rises to the top, and can thus be removed. The soap so purified is next dissolved in water, with 
the addition of a small quantity of carbonate of soda, if necessitated by imperfect boiling in the 
previous operation, and is mixed with a quantity of starch-paste, made up in a separate vessel by 
dissolving ferina in hot water. The mixture is then carefully sieved, and is ready for use. Some 
mann&cturers prefer caustic soda for forming the soap, and others use soda ash; all are equally 
suitable. The proportion of starch to rosin differs in nearly every mill, and the quantity of size to 
be added to the beater varies according as the paper is required to be soft- or hard-sized. About 
li parts of starch to 1 part of rosin is an average quantity ; and about 3i lb. of the mixture to 
100 lb. of dry pulp is a fiiir proportion. In some mills, it is the practice to make up the starch 
with the China-clay, instead of mixing it with the rosin. (For Bosin, see Besinous Substances.) 

It is better, bat not absolutely necessary, to dissolve the size in water before putting into the 
engine. After allowing the rosin-soap and starch to get thoroughly mixed with the pulp, the alum 
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solntioii may be mn in. It is made up in a large leaden tank, famished with steam-pipes for 
heating; it is necessary to nse lead, as the alam in strong solution rapidly attacks iron vessds. 
The choice of a suitable alum is a matter of very great importance ; care should be taken that it 
be free from excess of sulphuric acid, and from soluble iron. The sulphuric acid is deleterious on 
account of its action upon the colouring matter used subsequently, some colours being mmpletely 
discharged by it, and because of its effect upon metal-work in contact with it, especially upon 
the brass wire-cloth on which the paper is made. As the sulphate of alumina is the only active 
agent in the alum, the sulphates of potash and ammonia being without any action on the rosin-soap, 
some paper-makers use a preparation called “ aluminous cake, * which consists entirely of sulphate 
of alumina. The only objection to this substance is that it not unfrequently contains a,n excess of 
free sulphuric acid and soluble iron. If it could be guaranteed free from these impurities, there is 
no reason why it should not supersede the more expensive alum. A considerable excess alum 
over the quantity necessary for precipitating the rosin is employed, as it has the effect of brighten- 
ing the colours added subsequently. Other materials have been suggested as substitutes for rosin 
in the sizing process, but none can compete with it in point of economy. Wax, dissolved in soda, 
and precipitated with alum, will answer the purpose, but it does not appear to have been used on a 
manufacturing scale. The addition to the rosin of a small proportion (about per cent.) of gum 
tragacanth is said to be very advantageous, giving the finished paper some of the characters of a 
tub sized paper. (For Alumina, see Mordants, pp. 1295-fi.) 

It is necessary at some stage of the treatment of the pulp in the heaters, and before the addition 
of the colouring materials, to add some substance that will entirely get rid of any bleaching-liquor 
unavoidably remaining in the pulp. The substance usually employed is sulphite of soda, techni- 
cally known as “ antichlor.” Its action depends upon the fact that it is converted into sulphate of 
soda by the active chlorine in the bleaching-liquor, the latter being at the same time changed into 
a chloride, in which state it is quite inert. If any free chlorine were allowed to remain, it would 
be very hurtful, as it would bleach the pink employed, and would at the same time act injuriously 
on the wire-cloth. Other substances have been used instead of the sulphite of soda, almost any 
reducing agent being suitable. A very cheap substitute is often prepared by boiling sulphur with 
milk of lime. It is the practice in some mills to wash out the excess of bleach with water, the 
beaters being supplied with drums for this purpose. 

Colouring. — The colouring matters usually added for the production of white paper are ultra- 
marine and pink, the latter being either a preparation of cochineal or a coal-tar colour. Sometimes 
a coal-tar blue is used instead of ultramarine. The addition of a small quantity of blue and pink 
is requisite to complement the slight yellow colour of the pulp, and so produce a white paper- 
The ultramarine has to be chosen with special reference to its tinctorial power, and chiefly to its 
capacity for resisting the action of ahun, inferior qualities being discharged by the latter. 'Ultra- 
marine, being a pigment, is only mechanically held by the pulp ; aniline blue actually dyes the 
pulp, and is therefore more intimately combined with it. 

Paper of any colour may be made either by adding some material of the colour required, or such 
substances as will produce it. It will not be necessary to enumerate here the different materials 
employed. The so-caUed “ toned ” paper is produced by adding to the pulp a solution of pemitrate 
of iron, from which a fine precipitate of oxide of iron deposits on the fibres, and thus the slightly 
brownish shade is obtained. The size, clay, and colouring materials having been added to the 
pulp, nothing now remains but to reduce it to a sufiBciently fine state of division. In this part of 
the process, much care and attention are called for, as upon the proper conduct of the beating 
operation, the character of the paper greatly depends. 

The object of the beaterman should be, by carefully adjusting the distance of the roll from the 
bed-plate, to thoroughly disintegrate the esparto, and to produce a pulp with as long a fibre as 
possible. If the roll be lowered too much at the commencement of the operation, the fibres, instead 
of being drawn out or beaten, will be cut by the knives, and the paper will be proportionately 
weakened. 

If circumstances allow of it, the pulp should be worked in the beaters for a long time, and 
the disintegrating process should be conducted slowly ; but the method of working depends con- 
siderably upon the character of the paper required. Thus, if a very thin paper is to be produced, 
it is absolutely necessary, in order to make a strong firm sheet, to beat the pulp slowly, and preserve 
the fibre, whereas this is not so necessary in the case of thick papers. In this, as in many other 
particulars, the manufacturer has to consider not only the production of a good strong sheet of 
paper, but, on the other hand, the expense involved on account of the extra time and power 
consumed. 

Though the ordinary form of beater contains only one roU, some have been made containing 
two, and with a special appliance for sending the pulp under the rolls in two separate streams. 
Engines have been made containing even four rolls. In some American mUls, beating-engines are 
employed of a totally different construction from the ordinary form. The most important of these 
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are the Jordan and Kingsland beaters, so called from the names of their inyentors. The former 
consists essentially of a conical-shaped roU, studded with knives, in the same way as the ordinary 
roll, revolving in an iron box of corresponding shape, and fitted with knives placed at slightly 
different angles in the direction of its length. The half-stnff enters at the narrow end, through a 
box provided with an arrangement for regulating the flow, and is discharged through two or more 
openings in the cover at the wide end. The Kingsland engine consists of a vertical, circular 
chamber, the sides of which are covered with knives, and between which a circular plate revolves ; 
this is also covered on both sides with knives. The pulp enters through a pipe in the centre of one 
of the sides of the chamber, and flows out through an opening in the opposite side. 

The latest form of beater is that invented by S. L. Gould. The essential difference between it 
and the Kingsland is that, instead of having a plate revolving vertically against two stationary 
ones, its plate, which is placed horizontally, is covered with knives on one side only, and revolves 
upon but one fixed plate, much in the same way as a pair of mill stones. 

The pulp supplied to these forma of beater is generally broken much finer than is the case with 
the ordinary kind, because it is necessary to make it flow easily through them ; this could not he 
done if the fibres were not sufficiently broken up. The chief advantages claimed for them is that 
they are more economical, both of time and power; also that the pulp is more regularly beaten. 

Treatment of Sags. — The first step in the treatment of rags is to remove, before sorting, as much 
as possible of the dust and other impurities which invariably accompany them. This is not 
absolutely nece.ssary, though advantageous, as it renders them less unpleasant for the workers to 
sort subsequently. This preliminary purification is generally done in a machine, technically called 
a “ thrasher.” It consists essentially of a square wooden box, the top of which is lined inside with 
steel spikes about 6-8 in. long. The box is divided into two portions, by means of a piece of coarse 
wire gauze. In the upper portion, a shaft revolves, bearing a number of teeth, similar to, and 
alternating in position with, the stationary teeth at the top of the box. The rags are supplied at 
one end of the box, and are discharged at the other, the dust having escaped through the wire 
gauze into the bottom division. It is objected by some that the thrasher causes a great waste of 
fibre, but, on the other hand, it may be said that a less violent subsequent treatment is necessary. 

Cutting. — The next thing to be done is to sort and cut the rags into convenient pieces. This 
work is usually performed by women, who stand at tables, each with a broad knife firmly fixed 
into it, and inclined at a slight angle, with its back towards the worker. Before the women, are 
placed wooden boxes, the bottoms of which are covered with coarse wire gauze, the number of 
the boxes being determined by the number of different qualities of mgs desired. Each mill has its 
own particular method of working, but, as a general rule, the rags are sorted with special 
reference to their colour, and the material of which they are composed. They are generally cut into 
pieces of 2-5 in. square. In some places, machines are used for cutting the rags, but though useful 
for some kinds of paper, they can never supersede hand-cutting for the finer qualities. One chief 
reason is that with hand-cutting, the rags can be much more efficiently sorted, and imperfect pieces 
rejected. It is said also that machine-cut rags suffer greater loss of fibre in the treatment that 
follows than do those cut by hand. 

Dusting. — The cut rags are generally passed through a “ duster,” in order to complete the 
removal of dust and dirt. The rag-duster is usually a round or octagonal box of wire gauze, 
strengthened with stays and ribs, revolving inside a wooden box, one end being slightly raised to 
facilitate the motion of the rags, which enter at the higher and are discharged at the lower end. 
Occasionally the wire box is made conical. Various forms of duster are used, but they differ only 
slightly in principle ftom the one described. If necessary, rags are put through more than one 
duster, and, in some places, they are put into a “devil” as well, where they are subjected to a much 
more violent treatment. The “ devil,” which is of a somewhat similar construction to a thrasher, 
is used only when the rags are exceptionally dirty. Some manufacturers pass the dust from the 
ordinary rag-duster through another made of finer gauze, in order to save the fibre which becomes 
detached. The loss occasioned by dusting and cutting differs as much as the material the rags are 
made of ; it varies from 6 to 15 per cent 

Boiling. — ^The next process is that of boiling, though some paper-makers prefer to give the rags 
a preliminary washing. 

The boiling may be accomplished in various kinds of vessels, either stationary or revolving, 
but the latter are very generally preferred, owing to the fact that a more perfect circulation of the 
liquor is obtained with them than with the former. 

The revolving boilers may be either cylindrical with round ends, or spherical ; if cylindrical, 
they are usually made to revolve horizontally. Some cylindrical boilers, however, are placed in an 
inclined position, and are fitted inside with a spiral band of thick iron, to facilitate the agitation 
of the rags. All revolving boilers are fitted with hollow journals, through one of which, enters the 
steam for boiling. The “ chemical ” used may be lime, carbonate of soda, caustic soda, or a mixture 
of the two former, which is of course equivalent to the latter. The quantities used, as well as the 
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pressure, and time of boiling, vary with tlie character of the rags ; as a general mle, it may 
be stated that rags require much weaher eotutiona than esparto and most other materials, as the 
grease and colouring matter are comparatively readUy removed. 

The boiling having been completed, the rags must be washed. This is sometimes partially 
accomplished in the boiler. The rags are taken from the boiler to the washer. This is similar in 
construction to that described under esparto. The breaking and wasldng usually occupy 
2-4 hours. 

Bleaching. — The bleaching of the rags may be conducted in a similar manner to that of esparto. 
In addition, the method of bleaching with gas, and sour-bleaching, are sometimes resorted to. The 
. former, on account of the great inconvenience due to the escape of chlorine, is but rarely used. It 
may be conducted in large chambers made of brick and cement or stone, and with a tight-fitting 
top, connected by a stoneware pipe with the apparatus for generating the gas. This may con- 
veniently consist of stoneware retorts or small tanks of stone, fitted with some arrangement 
whereby they can be heated. The chlorine is obtained by heating black oxide of manganese with 
hydrochloric (muriatic) acid, or a mixture of the oxide of manganese and salt with sulphuric acid. 
Sour-bleaching consists in the alternate treatment of the rags with bleaehlng-liqnor and a weak 
acid. It is usually done in large chests or drainers. In some mills, the half-stuff is first well 
soaked with the bleaching-liquor, and then weak sulphuric or muriatic acid is run in upon them ; in 
others, the reverse takes place, the acid being allowed to saturate the pulp first, and then the bleach 
is run in. The most economical way would appear to be, first to bleach as much as possible with 
liquor alone, and then to add an acid when this is nearly exhausted. Whatever the method of 
bleaching employed, the excess of bleaching agent must be got rid of, and this can be accomplished 
by one or other of the methods before described. The subsequent treatment of the pulp calls for 
no special remarks ; the time necessary for reducing rags to the proper degree of fineness is, 
however, generally longer than for esparto. 

Treatment of Straw . — The preparation of paper-pulp from straw has been the subject of 
numerous patents, chiefly in France and America. They do not, however, differ from each other 
to any great extent in principle. 

Cutting. — The first process to which straw is subjected is that of cutting. This is done 
principally for the purpose of rendering it more convenient to pack into the boilers ; it also makes 
it more easily cleaned. The cutter is similar to that ordinarily used for cutting hay for stable 
uses. The cut straw has to be cleaned and freed from the dust and dirt that invariably accompany 
it. Tills operation may be performed in various ways. One very suitable method is to blow the 
straw by means of a violent blast of air along a wooden tube or shaft, into a chamber, whose sides 
are made of coarse wire gauze, through which the dirt escapes. The straw thus purified is taken 
to the boilers. 

Boiling. — The boilers are usually rotary, and closely similar to those used for rags. The heat • 
may be applied in several ways : directly ; by means of a steam-jet opening into the boiler ; or by 
means of a coil of steam-pipe. The direct method is but seldom used, as it sometimes entails 
damage to the pulp, through overheating due to imperfect circulation. This cannot happen with 
the two latter arrangements. The objection to beating by means of an open steam- pipe is that the 
liquors are unduly diluted by the condensed steam, and, for this reason, the last-mentioned plan is 
preferred by some. A solution of caustic soda is the agent invariably used, the strength necessary 
depending very largely on circumstances, such as the pressure, and time of boiling. A higher 
pressure than that required for esparto and rags is necessary, 60-80 Ih. a sq. in. being usual. The 
time may vary from 6 to 12 hours, and the amount of caustic soda from 15 to 25 lb. a cwt. Some 
manufacturers recommend a preliminary boiling in water ; this has the effect of removing a large 
quantity of matter fiwm the straw, and of rendering the subsequent boiling process easier. The 
washing may be performed in large vats provided with perforated bottoms, or in an ordinary 
washing-engine, in which latter case, the roll should carry only blunt knives, as the fibres are 
generally sufficiently disintegrated by the boiling process. When properly washed, the pulp may 
be bleached by one of the ordinary methods. When this is accomplished, antichlor is put in to 
remove the excess of bleach, and the pulp, which is much too finely divided to allow of its being 
pressed, is made into a coarse thick web of paper ; by t hi s means, most of the lime and other 
substances from the bleach are got rid of. The machine on which this is done corresponds exactly 
to a paper-making machine proper, without the drying-cylinders and calenders. This' method 
may also be adopted before bleaching, in order to get rid of the last traces of the liquor from the 
boiling operation, and free the pulp from knots, sand, &c., the machine being provided for this 
purpose with sand-tables. The pulp, in the form of rolls or webs of thick paper, is ready to be 
taken to the beaters, where its subsequent treatment is similar to that of other fibres. Owing to 
the fact just mentioned, ^t the straw is to a considerable extent disintegrated by the boiling 
process, very little working in the beaters is sufficient. In other establishmqnts, the straw is 
drained in large stone chests, similarly to esparto and rags. 
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Treabnent of Wood . — ^The mannfiictaie of paper-puip from wood is cooflned almost exclusively 
to Sweden and America. This appears to be due to the fact that, in these countries, abundance of 
suitable wood is found, and can be very cheaply obtained. Many attempts have been made 
in this country, but they have been nearly all abandoned. In America, poplar is the wood 
generally employed, on account of the ease with which it can be disintegrated. 

The method of treating it is as follows. The wood is brought to the mills in cords of about 
5 ft. long. The bark is removed, and the blocks are cut into thin slices across the grain, in a 
machine constructed somewhat on the principle of an ordinary chaff-cutter. The wood is passed 
slowly and steadily, by means of an advancing screw, along a trough, at the end of which it comes 
against very strong steel knives, firmly fixed on a rapidly-revolving cast-iron disc. 

Boiling. — The slices of wood, which are about i in. thick, are then taken to the boilers. Tliese 
are vertical cylinders, about 5 ft. in diameter and 16 ft. high, divided into compsirtments by means 
of perforated diaphragms. The boUera are heated either directly by means of furnaces underneath, 
or by steam circulating round an outer jacket. The boilers are partially filled with a solution of 
caustic soda at about 17° Tw., and the heat is kept up for 6 hours, the pressure being equal to 
about 70 lb. a sq. in. At the end of this time, the contents of the boiler are ejected with consider- 
able violence into a large iron chamber placed underneath (see Bamboo and Cane, p. 1485). The 
pulp is then allowed to pass into large iron drainers, mounted on wheels for convenience of loco- 
motion. In the centre of the tramway along which the drainers pass, are placed sewers to receive 
the liquor. When as much as possible of the liquor has drained away, hot water is poured upon 
the pulp. A small quantity only is used, so as to keep the liquor sufficiently concentrated to pay 
for evaporation. The pulp is then taken to washing-engines, similar in principle to those described 
under Esparto, p. 1487. The washed fibre is next freed from unboiled portions, sand, Ac., by 
being passed over sand-tables and through screens (see Paper-machine, p. 1494), and is then 
passed over the wet end of a machine, as in the case of straw. It is bleached in the ordinary way, 
and is then made into a very thick coarse web on a cylinder paper-machine ; in this form, it is 
sold to the paper-manufacturers. The subsequent treatment of it in the paper-mill calls for no 
^*^8pecial remarks. Wood-pulp so prepared may be used alone, or mixed with rags or other material, 
for almost all classes of paper. 

The fibres prepared from poplar are very white, but are somewhat deficient in strength ; those 
from other woods, such as members of the family of Coniferce (pines), are much longer and stronger, 
but owing to the fact that, in the raw state, they usually contain a very large quantity of resinous 
matter, these woods are much more difficult to digest, requiring a stronger solution of caustic soda, 
and a considerably higher pressure. The process just described is that actually in use at a mill in 
America ; at other places, a similar method of treatment is adopted, or if any material difference 
exists, the details are kept secret. Many other reagents have been suggested as substitutes for 
caustic soda. Among these, may be mentioned sulphide of sodium, chlorine, and a mixture of 
hydrochloric and nitric acids (aqua regia). But, as far as is known, they have all been abandoned, 
on account of the expense and extra trouble involved in their use. Many attempts have been 
made to utilize the fibre in sawdust, by treating it with one or other of the before-mentioned 
chemicals, but hitherto without much success. Works have also been erected in this country with 
a view of obtaining pulp from other waste forms of wood, such as small chips and shavings ; but, 
principally owing to the nature of the material, and the consequently severe treatment necessaiy 
for their disintegration, they too have been given up. 

The so-called “mechanical” wood-pulp is obtained by disintegrating the wood entirely by 
means of machinery, without the use of chemicals. As long as 100 years ago, it was propos^ to 
utilize sawdust and shavings, by stamping them into a pulp ; but owing to the want of suitable 
machinery, tlie attempt was unsuccessful. The next idea was to disintegrate blocks of wood, by 
grinding with rapidly-revolving cylinders of stone. This, after many years of labour, has been 
brought to a state in which it is a commercial success. The details of the process are as follows : — 
The wood is first cut up into blocks, the size of which is determined by the width of the stones 
used for grinding ; any knots present are cut out with an axe. The stones are made of sand- 
stone, and are covered oVer three quadrants with an iron casing, the remaining quadrant being 
exposed. The surfaces of the stones are made rough by the pressure of a steel roll studded with 
points, and which is pressed against it while revolving. In addition to this, channels, about J in. 
deep are cut into the stone at distances of 2-3 in. They are made in two sets, crossing each other 
in the centre of the stone, and serve to carry off the pulp to the sides of the stone, in addition to 
giving increased grinding-surface. The pressure of the blocks of wood against the stones is 
. steadily maintained by screws worked by suitable gearing ; this is necessary in order to obtain a 
pulp of uniform character. A stream of water is kept constantly playing on the stone ; by this 
means, the pulp as formed can be conveniently carried away. It is first passed through a rake, 
which retains small pieces of wood that have escaped grinding. The stream of pulp then passes 
through the sorters. These ire cylinders about 3 ft long and 2 ft, in diameter, covered with a 
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coarse wire-cloth (No. 18). The fibres that are retained by this wire ftJl into the refiners, which 
consist of a couple of horizontal cylinders of sandstone, the upper one only of which revolves. 
Here they are further disintegrated, and are again passed through the wire-cloth ; this is repeated 
until all the fibres have passed through. The pulp, after passing through the first sorter, may be 
conducted through a series of gradually increasing fineness, and, by this means, be separated into 
different qualities. Though pulp so prepared cannot compete with chemically-prepared stuff, as 
the fibres are extremely short, and have comparatively little felting-power, it may be used with 
advantage as a sort of fiUing-material. It is said to be used entirely for some low-quality newspapers. 

Various modifications of the forgoing process have from time to time been proposed; among 
others, that of softening the wood by previous soaking in water, or steaming, seems to be valuable, 
as by so doing, it is highly probable that a longer fibre could be obtained, the soft wood being more 
readily tom away by the stones. Some inventors have proposed to replace the sandstone by an 
artificial stone containing a large quantity of emery. 

Treatment of Broke" Paper . — As “broke” paper bas already passed through the manufac- 
turing process, but little is necessary to be done to it. If quite clean, it only requires to be broken 
up again in an engine ; but if dirty, or with much printing on it, some sort of boiling is necessary. 
Generally speaking, a rather dilnte solution of soda is sufficient. Sometimes it is necessary to 
thrash and dust the waste paper much in the same way as rags. 

Hand-made Paper . — The preparation of the pulp for hand-made is similar to that for machine- 
made paper. Generally speaking, however, paper can only be made successfully by hand, when 
long and strong fibres are used ; with short and inferior pulp, it is difficult to form a continuous 
sheet of any size. Hence hand-made papers are almost exclusively manufactured fix)m pulp pre- 
pared from rags, or some such strong material. 

A very brief description of the actual process will be sufficient, and it will at the same time 
facilitate the right comprehension of the machine process. The paper is made on a mould of wire- 
cloth, with a movable edge of wood, extending slightly above the surface of the mould, called the 
“ deckle.” The wire-cloth is generally supported by pieces of thick wire placed beneath it. and 
these again by wedge-shaped pieces of wood, the thin end being next the wires. To form a sheet of 
paper, the workman dips the frame into a vat containing the prepsured pulp, lifting up just so 
much as will make a sheet of the necessary thickness. Am soon as the mould is removed firom the 
vat, the water begins to drain through the wire-cloth, and to leave the fibres on the surface in the 
form of a coherent sheet, the felting or intertwining being assisted by lateral motion given to the 
frame by the workman. The movable deckle is then taken off, and the mould is given to another 
workman, called the “ coucher,” who turns it over and presses it against a felt, by this means 
transferring the sheet from the wire to the felt. A number of the sheets thus formed are piled 
above each other, alternately with pieces of felt, and the whole is subjected to strong pressure, to 
expel the water. The felts are then removed, and the sheets are again pressed. After this, they 
are sized by being dipped in a solution of gelatine ; again slightly pressed, and then hung np 
separately on lines or poles to dry. 

The making of paper by hand is comparatively little practised in the present day ; some kinds 
of paper, however, such as bank-notes, and different kinds of drawing-paper, are always made in 
this way. 

Any pattern or name required on the paper is obtained by making the wire-cloth mould in such 
a way that it is slightly raised in those parts where the pattern is needed ; consequently less pulp 
lodges there, and the paper is proportionately thinner, thus showing the exact counterpart of the 
pattern on the mould. Such are known as “ water-marks.” 

The Paper Machine . — The pulp, after leaving the beaters, passes into a large vessel called the 
stuff-chest, of which there are one or more to each machine. As soon as the beater is empty, water 
is run in to. thoroughly rinse out the remaining pulp, the washings also going into the stuff-chest. 
These may be made either of wood or iron, and should be provided with arms fixed on a vertical 
shaft, made to revolve by suitable gearing. The arms are for the purpose of keeping the pulp 
thoroughly mixed, and should only work at a moderate speed, otherwise they would be liable to 
cause the fibres to go into small knots or lumps. The pulp is drawn from the stuff-chests by means 
of the pump A (Fig. 1051), and is discharged into a regulating-box (not shown). The object of this 
box is to keep a regular and constant supply of pulp on the machine. It consists of a cyUndrical 
vessel, having two overflow-pipes near the top, and a discharge-pipe near the bottom. The pulp is 
pumped in through a baU-valve in the bottom, in larger quantity than is actually needed, the 
excess flowing away back into the stuff-chests, through the two overflow-pipes. By this means the 
box is always kept fuU, and therefore the stream of pulp issuing out of the bottom pipe is always 
under the same pressure. It flows from this pipe, the quantity being regulated by means of a cock, 
according to the thickness of paper required, directly on to the sand-tables. These may be of 
various sizes and shapes, but should be so large that the pulp takes some little time to travel over 
them. They consist of long shallow troughs, generally of a sinuous form. The bottoms are partly 
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covered with woollen felt, having very long hairs on its surface, and partly with thin strips of 
wood placed across the direction of the flow of the pulp, and at a slight angle. They and the 
woollen felt serve the purpose of retaining any particles, such as sand and dirt, that may have 
escaped removal in the previous treatment of the pulp, and that are heavy enough to have 



sunk down during the passage of the pulp over them. As the pulp, when it leaves the 
stufT-chests, does not contain sufScient water for the purpose of making paper, it is mixed, at the 
end of the sand-tables where it flows on, with a quantity of water from the “ save-all ” (see farther 
on), flowing &om the box B (Fig. 1051) placed at a higher level. 

Instead of being pumped into the regulating-box, in some mills, the pulp flows into a small 


1051 . 
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teesel below the stuff-chest, and is lifted on to the sand- 
tahles by means of buckets fitstened on the circumference 
of a wheeL 

The pulp, after leaving the sand-tables, passes on to 
the strainers. These consist of strong brass or composi- 
tion plates, having a large number of very fine 
slits cut in them, the narrowest end being on the out- 
side. 

The strainers are for the purpose of removing from 
the pulp all lumps formed by the intertwining of the 
fibres, and all pieces of unboiled fibre, which, if allowed 
to pass on, would show in the paper as inequalities in 
the surface, or as dark specks. The slits are made 
narrow at the top, and gradually increasing in width, so 
as to prevent them firom getting choked up. These 
Blits allow only the separated individual fibres to pass 
through, and their width varies according to the quality 
of the paper. They are put at distances of about | in. 
apart. Several plates, each containing about 500 slits, are 
bolted together, and form a strainer. The whole 
strainer receives a violent shakiog motion, to assist the 
passage of the fibres through the slits. In the machine 
represented, two of these strainers are shown at C (Figs. 
1051 and 1052). The shaking motion is produced by the 
ratchet-wheel or cams a acting on the hammer 5 (Fig. 
1052). An improved form, called the “ revolving 
strainer,” has of late years been introduced, and is often 
used in addition to the ordinary ones. The pulp gene- 
rally passes first through one of these, and then through 
the ordinary or “fiat” strainers, as they are called. 
A revolving strainer is shown at D (Figs. 1051 and 
1052). It consists of a rectangular box, the sides of 
which are plates perforated with slits. Inside this box, 
a slight vacuum is formed by means of an indiarubber 
bellows worked by the crank d (Fig. 1051). The vacuum 
is intended to serve the purpose of the shake in the ordi- 
nary form. The box revolves slowly inside a vat con- 
taining the pulp, and the strained pulp flows into the 
box D* (Figs. 1051 and 1052), and thence on to the flat 
strainers. Various patents have been taken out from 
time to time for flat strainers worked by means of a 
vacuum underneath the plates caused by the motion 
of discs of indiarubber or thin metal. The same principle 
has also been applied to the revolving strainers. After 
a time, the slits in the plates get too large, owing to the 
plate having been worn away by the constant friction 
of the fibres, and as they are very expensive, various 
attempts have been made to invent plans for partially 
closing them again. Hammering will effect this, but it 
is liable to break the plates. Annandale of Beltonford 
has introduced a method of closing the plates, by means 
of heavy pressure acting on small steel rollers moving 
on each side of the slit, in which is placed a small sheet 
of metal the exact thickness of the width desired. The 
knots and impurities which collect on the outsides of 
the strainers must be &om time to time removed, other- 
wise the slits would get choked up. In the case of 
revolving strainers, all that cannot pass through the slits 
falls to the bottom of the vat, in connection with which it 
is the custom now to have an auxiliary strainer, or 
“patent knotter,” as it is called, shown at E (Fig. 
1051). All fibre that passes through this one, which is 
of the ordinary flat kind with shaking motion, goes into 
“ low box ” for “ save-all ” water (see farther on). 



a box near E' (Fig. 1051), called the 
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The pulp, after passing throngh the strainers, should be perfectly free from knots and im- 
parities, and in a fit condition for making paper. In the machine shown, it passes from the last 
strainer directly on to the wire, its fiow being regelated by a movable gate e (Fig, 1052). In some 
oases, however, it first flows into a small vat, in the centre of which revolves a rod carrying paddles, 
with the object of keeping the pnlp well stirred np. It is carried right on to the wire by means of 
the apron, a piece of canvas, oil-cloth, or sheet rubber, one end of which is fastened to the breast- 
board e' (Mgs. 1051 and 1052), the other end resting on, and covering, the wire to the extent of 
about 15 in. The edges of the apron are rolled np to prevent the pulp from overflowing. After 
leaving the apron, it passes under a gate, or “ sUcer,” as it is sometimes called, made of two pieces 
of brass, overlapping each other in the centre, and bolted together. It is made thus to enable it to be 
lengthened or shortened according to the width of the paper ; its height from the wire-cloth can be 
altered by means of screws, and should be eqnal at all points, in order to ensure a uniformly thick 
sheet of paper. The ends of the two pieces forming the sheer are fastened to the frBme/(Fig. 1052), 
or “deckle,” as it is called, and this again is carried by two or more rods stretching right across the 
wire, and fastened by small upright supports on both sides to the frame g (Figs. 1051 and 1052). 
The deckle-frame also carries the grooved pulleys A (Fig. 1052), along which the deckle-straps i, 
endless square bands of indiarubber, move. The deckle-straps rest on the wire, and move 
with it, the width of the paper depending on their position, which can be altered by shifting 
the deckle-frame along the rods mentioned. 

The “ wire” is an endless cloth made of very fine wire, the fineness depending much on the 
quality of the paper required. The mesh varies from 60 to 70 and even more threads to the inch. 
It is not woven endless, but is joined by very careful sewing, with wire. Its width varies consider- 
ably, that on the machine shown being 76 in.; the length is generally 35-10 ft. It is carried by 
the breast-roll F (Figs. 1051 and 1052), the lower conch-roll G, and the small rolls / (Figs. 1052 
and 1053), and by a large number of small rolls The latter and the breast-roll are supported by 
the frame g, while the small rolls /' are supported by brackets attached to it. The course of the wire 
is indicated by the arrows. The frame g works on two pivots of (Fig. 1053), and receives a shaking 
motion from side to aide from the rod j (Fig. 1051), in connection with a crank worked by two 
conical drums H (Fig. 1051). The supports p" are also pivoted at their lower ends to allow for 
the shaking motion. This shaking motion is given for the purpose of weaving or intertwining 
the fibres. One or more of the rolls / can be moved up or down on the support which carries it, 
for the purpose of stretching the wire. There is usually a large number of the small rolls as 
it has been found by experience that, probably owing to capillary attraction, they assist the 
water to leave the pulp. Though a large quantity of water thus passes through the wire-cloth, it 
is necessary to assist it by artificial means. This is done by means®! the suction-boxes I 
(Figs. 1052 and 1054) connected by pipes with the vacuum-pumps 1' (Fig. 1053). 

Underneath the wire-cloth, is placed a box called the “ save-all’’ K (Fig. 1052), connected with 
the box E (Fig. 1051). The water that flows in here contains a considerable quantity of very fine 
fibres, together with size, alum, clay, and colouring materials, that have passed through the wire, 
and which would be lost but for the arrangement now universally adopted. It flows into the 
box E', and is pumped, together with the pulp that has passed through the knotter E (see before) 
into the high box B, whence the mixed stuff flows on the sand-tables, to be again used to dilute 
fresh pulp from the stuff-chests. If any pattern or name is desired on the paper, it is done by 
means of a light skeleton roll, called a “ dandy-roll,” covered with wires in the form of the desired 
pattern, placed between the suction-boxes, and pressing lightly on the still moist paper. The 
paper is thinned where the vrire pattern presses, and thus a mark (water-mark) is produced. The 
other side of the paper has a mark corresponding to the wire-cloth; by using a dandy-roU 
covered with wire-cloth, the two sides can be obtained alike, such paper going by the name of 
“ wove.” 

It sometimes happens that the wire-cloth slips sightly to one side. This can be obviated by 
the machine-man shifting, by means of screws, one of the rolls provided for the purpose with a 
movable journal, until its axis is at a slight angle to that of the other rolls. An automatic 
apparatus has been invented for the purpose. Two brass plates are fixed, one on each side of the 
wire-cloth, to a long rod, connected by suitable machinery with the screws working the movable 
journal, so that, as the wire presses against one or the other of these plates, the roll is shifted so as 
to correct this. 

The paper, which, even after passing the suction-boxes, is still very wet, passes with the wire- 
cloth between the couch-rolls G G'. (Figs. 1053 and 1054). These are hoUow copper or brass 
cylinders, covered with a tightly-fitting endless jacket of felt. The pressure of the upper couch-roll 
upon the lower can be regulated by means of screws or levers. They serve to press out water from 
the paper, and to detach the paper from the wire-cloth. By dextrous manipulation on the part of the 
machine-men, the paper is transferred to the endless felt, travelling over the rolls k in the direction of 
the arrows. It is known as the “ wet felt,” from the condition of the paper at this stage. In its 
passage along this felt, the paper goes between two iron rolls K, called the first press-rolls, with 



lias PAPEE. 

the object of having the water squeezed or pressed ont of it. These rolls are sometimes covered 
with a thin brass case, and the top one is provided with an arrangement called the “ doctor,” in 
order to keep it clean, and free from pieces of paper that may have stuck to it. The “ doctor ” is 
a kind of knife placed along the whole length of the joU, and pressing against it at every point. 
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to ihe m wUl, m Its stU moist condition, have taken to some extent an topiesdonXinhe feS 
while the np^r side will have been made comparatively smooth by the prHsnre against the top 
roll of the 1st press. In order to make both sides of the paper a^ noarST^S^^iUs 
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passed thiotigh another set of rolls L, called the 2nd press. This time it is reversed, and enters at 
the back of the rolls ; thns the other side of the paper is next the metal, being taken throngh by 
the felt (called the “ 2nd press 
felt”) travelling on the small 
rolls I (Fig. 1054), the paper, 
after leaving the wet felt, and 
before being taken on to the 
2ud press felt, travels over the 
rolls V. The 2nd press felt is 
necessary, becanse the paper in 
its then condition is too tender 
to withstand unsupported the 
pressure of the rolls. 

The paper, after passing the 
2nd press rolls, travels over the 
drying-cylinders M (Figs. 1055- 
6-7), the number of which varies 
somewhat. In the machine 
shown, there are in all eight 
cylinders. Between the 2nd 
press rolls and the cylinders, a 
passage 8 allows easy access to 
the other side of the machine. 

The paper generally passes over 
the first two, which are only 
slightly heated, alone ; after- 
wards it is led over the others 
by means of felts, as shown. 

The arrangements shown at 
(Figs. 1055-6) are for the pur- 
pose of stretching the felts. The 
cylinders are aU heated by means 
of steam, and are generally di- 
vided into two sets, between 
which, is a pair of chilled-iron, 
highly-polished rolls K, called 
“ smoothers,” the function of 
which is snfiSciently explained 
by their name. They are also 
heated by means of steam. The 
cylinders are usually made of 
slightly decreasing diameter, in 
order to allow for the shrinking 
of the paper on drying. After 
leaving the cylinders, the paper 
should be quite dry ; it is then 
led throngh the calenders, of 
which there are in some ma- 
chines as many as three sets, 
though only one is shown. 

These are similar to the smooth- 
ing-rolls, just described. Pres- 
sure is applied by the screws O' 

(Fig. 1056), or by levers and 
weights. The friction of the hot 
calenders on the dry paper de- 
velops a large quantity of elec- 
tricity, which discharges itself 
in bright sparks. 

The finished paper, after 
passing throngh the calenders, 
is wound on the reels P. 

1053, 1057. 



The gearing by which the whole machine is driven is shown in Figs. 
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Tub-sizing . — The foregoing description is of a machine for the manufacture of engine-sized 
papers ; some slight modifications are necessary in the case of tub-sized papers. One method, 
usually applied to the cheaper qualities of tub-sized papers, is to pass the paper, after being 
partially dried over a few cylinders, through a vessel containing a solution of gelatine or glue (see 
farther on). It then goes 
between a pair of rollers, 
which press out the ex- 
cess of size, and then 
again over drying-cylin- 
ders. In the other, and 
perhaps most general, 
way, at least forthe better 
qualities, the paper is 
wound off immediately 
after leaving the last 
drying-cylinder A (Fig. 

1058), and sized at some 
future time, or it may be 
passed directly into the 
vat B containing the size. 

After passing between 
the squeezing-roUs C, it 
is generally wound off as 
at I) : and after having 
stood some time to allow 
the size to be evenly 
absorbed by the paper, 
it is wound off from F, 
and passed over the 
cylinders H, of which 
there may be a very great 
number, some machines 
having over 300 of them. 

These cylinders are made 
of light spars of wood ; 
inside them, and re- 



volving rapidly in an opposite direction, are the fans G. The paper, in travelling over these 
drums, is only slowly dried, and is supposed by this means to be more perfectly sized, and 
increased in strength. It is wound on to reels again at I, Only the first and last two drums are 
shown. This method was devised to imitate, as far as possible, the sizing process of hand-made 
paper. Even now, paper that has been made on the machine is sized by hand, after having been 
cut into sheets, much in the same way as hand-made. The sheets are sometimes passed between 
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two endless felts dipping into a bath containing the solution of gelatine, the excess of size being 
squeezed out by the pressure of rolls on the felts. Such paper is dried on sticks in a large room 
kept at a temperature of about 21° (70° F.), and is called “loft dried ” on this account. 

The gelatine used for tub-sizing is made up somewhat after the following manner. As 



a general rnle, size in the form of 
manufactured glue would be far too ex- 
pensive, therefore paper-makera almost 
invariably make their own. A great 
many animal substances, such as clip- 
pings of hides, horns, bones, &c., yield 
gelatine when heated for some time 
with water. Any of these substances 
are suitable, the first being perhaps 
most generally used. They are first 
softened by soaking in cold water for 
a day or two ; after that, they should 
be well cleaned by washing in running 
water. The next operation is to boil 
or rather heat them with water. The 
temperature should never be allowed 
to rise much above 85° (185° F.), as if 
it does, the size wiU be injured, as 
gelatine strongly heated for any length 
of time undergoes a slight change, and 
loses its power of gelatinizing. The 
operation should be conducted in an 

iron or copper vessel, provided with a false bottom, or a casing outside, where steam may be intro- 
duced, and it should extend over about 15 hours. The solution should then be drawn off, and 
filtered into some convenient receptacle. The residue can be again heated with water, and a 
fresh quantity obtained, which may be added to the bulk. A quantity of alum (about 20 per cent, 
of the clippings) dissolved in water, is added. The alum is necessary to prevent the decomposition 
of the gelatine, and to assist in the sizing process, as it helps to give hardness to the paper. 
After the addition of the alum, the size should be well filtered through woollen felt, after which, 
it requires no further treatment. 
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The paper-making ma- 
chine before described is 
known as the “ Fonrdinier,” 
from the names of the ori- 
ginal inventors. Modified 
forms of this machine have 
been introdnced to meet 
various requirements. One, 
suitable for the manufacture 
of very thin papers, resem- 
bles the ordinary machine as 
far as the couch-rolls. The 
paper is taken off the wire- 
cloth on to a long endless 
felt, running round the upper 
couch-roll, and extending in 
a slanting direction over the 
wire-cloth. It is taken off 
from this felt on to a large 
cylinder, about 10 ft. in dia- 
meter, heated by steam, and 
placed above the wire-cloth. 
After passing round nearly 
the whole circumference of 
this cylinder, the paper is 
snfSciently dry, and is then 
wound on to reels. 

A machine of a very dif- 
ferent construction from the 
ordinary form is shown in 
Fig. 1059. The pulp, after 
passing through the strainer 
A, enters the vat B, in the 
centre of which, revolves a 
large drum or cylinder 0. 
This cylinder is covered with 
fine wire-cloth, and on it the 
paper is made. As it re- 
volves, the fibres attach 
themselves to the wire, and 
the water passes through the 
meshes, the latter being 
assisted by means of a pump. 
The sheet of paper thus 
formed is taken on to the 
endless felt on the oonch-roU 
D, and travels along with 
it to the large drying- 
cylinder E, heated by steam. 
It leaves the felt at F, and 
is then taken on to the 
cylinder, after travelling 
round which, it is suffi- 
ciently dried, and is then 
wound off as at Gr. The 
felt, on its return journey, 
passes through the washer 
H. where it is cleaned, and 
freed from adhering particles, 
by the scraper I. It is 
squeezed free from excess of 
water by the rolls K. Paper 
made on such a machine is 
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weaker than that made in the ordinary way, beeanse it has not been fonnd possible to give a 
shaking motion to the cylinder, and thus the fibres are not woven or intertwined. 

A modification of this machine is need for making mill-boards, the difference being that it has 
no drying-cylinder. The felt carrying the paper passes between a pair of press-rolls, which squeeze 
ont the water. The sheet of paper is then allowed to wind 
round the top press-roll until of the required thickness. 

When this happens, it is cut off the roll by a knife. The 
thick sheets so produced are dried, either in the open air, or 
in a room heated for the purpose. 

Glazing.— For many purposes, the paper as finished on 
the machine, does not possess a snflSciently high surface. 

This may be increased* in several ways. One method, 
called “ web glazing,” is to pass the paper between a number 
of rolls, alternately of polished iron and very highly-com- 
pressed paper. The construction of such a calender will be 
understood by reference to Figs. 1060 (end elevation) and 
1061 (front elevation). The reel of paper, as taken from the 
machine, is shown at A (Fig. 1060), its course over the rolls 
being indicated by arrows. After passing over the bottom 
roll, it is wound off on a wooden or hollow-iron cylinder B 
(Fig. 1060), driven by the toothed-wheel shown by the dotted 
line C, on the same shaft as the wheel D, which is driven by 
E, keyed upon the bottom roll. The whole machinery is 
driven by the large toothed-wheel F (Figs. 1060-1), which 
is itself driven by the small wheel G (Fig. 1060) on the main 
shaft H. The paper rolls are marked P, and the iron rolls I. 

It wilt be seen that there are two paper rolls in the middle, 
for the purpose of, as it were, reversing the paper, and so 
making both sides alike. Pressnre is applied to the rolls by 
means of the screws, and by the weight L (Fig. 1060) acting 
on the compound lever M. The brake, which consists of a 
strap of leather pressing, by means of the weight and lever 
N, on the circumference of the wheel O, connected by 
toothed-wheels with the cylinder on which the paper is 
wound, is used for the purpose of preventing the paper from 
leaving the wheel too rapidly. Bnt for this appliance, the 
paper would be apt to crease. The paper rolls have an 
inner core of iron, the paper only extending to a depth of 
about 5 in. The iron rolls are hollow, and are connected 
with steam-pipes, by which they can be heated. 

Another method, known as “ friction-glazing,” employed 
for giving a very high finish to paper, is to pass it between 
a large paper roll and a smaller iron one, the latter re- 
volving at a much greater speed than the former. By this 
means, a very bright surface can be obtained. It is some- 
times assisted by rubbing a small quantity of bees’-wax on 
the small iron roll. Plate-glazing, a method that is adopted 
for hand-made and the better qualities of paper, consists 
in applying heavy pressure to sheets placed between polished 
plates of copper or zinc. The metallic plates and the sheets 
of paper are made into bundles, and the whole is passed 
between two strong rollers, heavy pressure being communi- 
cated to them by means of screws or levers and weights 
applied to the ends of the top roller. 

By passing paper between rolls on which devices have 
been cut or turned, the “ repped ” and other similar papers 
are produced. 

Cutting.— Except for special purposes, paper is usually sent from the mill in the form of 
sheets. The form of cutter generaUy used is shown in Fig. 1062. The paper from the webs A is 
drawn forward by the rolls B ; it is then ripped into widths of a convenient size by means of two 
circular knives, the upper one of which is shown at C. It again passes between a pair of rollers, 
after leaving which, it meets a knife D fastened to the revolving drum E, and pressing against a 
fixed knife not shown. The cut sheets then fall upon the endless travelling felt F. The action of 
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the kaivee will be understood by reference to Fig. 1063. The edges of the two knivM are^own at 

A and B. The knife B has a slot, in which the bolt O slides, and it is kept in position by 

of a spring. This spring causes the knife to slide back slightly as it comes against the faxed knife 



A The position of the paper is shown by the dotted line O. The knife B is set on the drum not 
quite horizontally, so that one end meets the stationary knife a little 

in every respect like a pair of scissors. Fig. 1064 shows a pair of npping-knives. The upper one 


A is kept in position 
against the lower one 
B by means of the 
spring C. The cutting 
surfaces are slightly 
hollowed out, so as 
to have a sharper 
edge. The paper is 
shown by the dotted 
line D. By altering 
the relative speeds of 
the drum E and the 
rolls B, by means of 
the expanding-pulley 
G, sheets of any de- 
sired size can be cut. 
The cutting - knives 
are sometimes placed 
inclined to the draw- 
ing-in rolls B, so that 
the sheet, instead of 
being cut into a rect- 
angle, is cut into a 
rhomboid. Such paper 
is used chiefly for the 
manufacture of en- 
velopes, t hi s shape 
occasioning a smaller 
loss when the enve- 
lopes are cut out. 

It is often neces- 
sary, as in the case of 
paper having a water- 
mark, that the sheet 
should be cut with 
great exactness, so 
that the device shall 



come exactly in the 

centre. The ordinary cutter cannot be relied on for this purpose, and, in its place, a machine 
called a “ single-sheet cutter ” is used (Fig. 1065). It consists essentially of a large wooden drum 
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A, fixed on a horizontal axis, over which the paper is led by a pair of drawing-in rolls B. The 
paper is held against the dmm by a clamp worked by the arm 0. The paper is cut by the knife 
E moving against the stationary knife D. After the cnt, the drum describes fart of a circle, 
the paper being still held, so that it cannot go back with the drum. As soon as it has gone far 
enough, the clamp is removed, 
and the drum returns, bringing 
the paper with it. The length 
of the arc through which the 
drum moves, and therefore the 
size of sheet, is regulated by the 
length of the crank-arm P. If, 
from any cause, the cut should 
not take place at the right time, 
the man in charge can, by press- 
ing against the clamp, retard 
the motion of the paper, and 
thus bring back the cut to the 
right place. The small roller G 
is for the purpose of keeping 
the paper always tight. 

Soda-recovery Process. — In 
former years, the liquors in which 
rags, esparto, and other paper- 
material had been boiled was 
run into a river or stream near ; 
but now, owing partly to the fact 
that it is insisted on by the land- 
owners, but chiefly because it 
can be made remunerative, aU 
such liquors are preserved, and 
the soda in them is utilized. 

The method adopted is to 
evaporate to dryness, and ignite 
the residue, which then contains 
the soda, originally used as 
caustic soda, chiefly in the firm 
of carbonate, mixed with a 
quantity of silicate and other 
salts. 

The ash so obtained is dis- 
solved in water, sometimes fil- 
tered, and boiled with a quan- 



tity of lime sufficient to reconvert it into caustic soda, the lime at the same time being changed into 
carbonate. The latter is allowed to sepsirate out by settling, and the clear liquor is run off The 
carbonate of lime is washed once or twice with water, the liquor, if very weak, being used to 

5 D 
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dissolve fiesh ash, and then, in the best conducted mills, it is allowed to drain on filters, beneath 
which a vacuum is produced by an air-pump, similar to the arrangement used in alkali-works. 
Of course the whole of the soda cannot be recovered in this way : loss by leakage, in addition to 
that left in the fibre, must inevitably occur ; this is generally replaced by fresh caustic soda, or good 

soda ash. , . , 

The apparatus for accomplishing the evaporation varies with almost every mill. In some, it is 
very primitive and crude, contisting perhaps of only a furnace for incinerating the residue, and 
over it a pan containing the liquor, the latter 
being heated and evaporated by the heat from 
the furnace. It is obvious that, with such an 
arrangement, a large quantity of heat must be 
wasted. To economise as much as possible of 
this waste beat, various plans have been sug- 
gested. That of Eoeckner, of Newcastle, appears 
to be to a great extent efficacious. It consists 
practically of a scries of shallow trays B (Fig. 1066) placed in a brick chamber, alternated so as to 
allow the heated air from the furnace below to play upon the surface of each in succession, on 


1063. 



its way to the chimney, with which the whole system is in connection. Above the chamber 
containing these trays, is a large tank G 
containing a store of the liquor to be 


evaporated, placed there so as still fuither 
to economise the heat, and from which 
the liquor runs on to the trays. The fur- 
nace A below is of the ordinary rever- 
beratory kind ; below it, and connected 
with it by a kind of damper, is a large 
chamber J where the calcined residue from 
the furnace is put to cool, tlius preventing 
any nuisance from the smell of the burning 
mass. The chamber is provided with a 
pipe L, through which the vapours pa-s 
into the fnmaoe. Several pipes E from 



the furnace pass through the tank, to assist in warming the liquor. The residue, when cold, is 
drawn through doors from the chamber below the furnace. Koeckner has devised an apparatus 
(Fig. 1067), consisting of a small chamber containing a series of pipes A, through which, a stream 
of cold water constantly runs, in connection with the 


flue from liis evaporator, for the purfrose of condensing 
volatile bodies, and thus preventing, to a certain extent, 
contamination of the surrounding air. 

An economical eraporator, theoretically considered, 
is that invented by Porion, a French distiller, and named 
after him. It is largely used on the Continent, and 
at several mills in Scotland and England, where it 
has given great satisfaction. In connection with it, 
a “ smell - consumer ’’ has been invented by Menzies 
and Davis. It con- 
sists essentially of 
a large chamber, the 
floor of which is in- 
clined slightly from 
the chimney. The li- 
quor to he evaporated 
is run in at the end 
nearest the chimney, 
from a tank. Fan- 
ners, dipping about 
J in. into the liquor, 
revolve with great 
rapidity, and produce 



a very fine spray, thus presenting a very large evaporating surface. The evaporation is caused 
by the heat from the furnace on its way to the chimney. The “smell-consumer” consists of 
a fire-hnek chamber, having courses of walls, built in such a way as to retard the draught 
somewhat, and so give time for the products of combustion from the furnace to be completely 
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burnt. Time is all that is necessary, as the heat is quite enough, and there is always sufBcient 
oxygen present. The doors are used for cleaning out this chamber. The tank is placed over 
thia chamber, in order to warm the liquor, and thus still further economise the heat. The 
chamber is for the purpose of retaining any solid particles carried forward. The evaporated 



liquid is run from one or more of the doors along a spout to the pan, from which it is run into 
the furnace. The furnace is of the ordinary kind, but with two beds. Here the liquor is still 
further evaporated, and the residue is incinerated. If the latter operation is properly conducted, 
no nuisance from smells need arise, and the combustion in the smell-consumer is perfect. The 
draught is regulated by a damper. (Continued ou p. 1508.) 

1067. 



GEffERAi CONSIDEKATIONS. Varieties of Paper.— Paper may be roughly classed under three 

heads; “Writing,” “Printing,” and “Wrapping.” The different varieties of each are almost 

endless : the following list gives the principal kinds. 

Writing. Machine-made, hand-made, tub-sized, engine-sized, account-book (machine and 

hand-made), envelope, &c., &c. 

Printing.— Newspaper, magazine, book, plate, map, lithographic, music, coloured printings, 
bank-note, cheque, &c., &c. 

Wrapping. — Bag-paper; grocery - papers ; browns — thin, glazed and unglazed; air -dried; 
machineiried, cartridge, mill-wrappers, sugar-blues, &c., &c. 

Selection of Site for Paper-mill.— In choosing a spot on which to build a paper-mill, the manufac- 
turer has to take into consideration several very important circumstances. Chief of these is the 
necessity for having a large supply of water at command. Not only is a large quantity needful, but 
it should (see Beating, p. 1189) be free from impurities, such as suspended matter and iron. Tlie 
former, it is true, can be removed by settling and filtration ; tlie latter cannot, and is liable to 
injuriously affect the colour of the paper. Again, as a question of economy in working, it is advan- 
tageous to have convenient water-power ; therefore for this, as well as for the former reason, paper- 
mills are usually situated on the bank of a stream. In choosing such a site, paper-makers are 
probably influenced by the fact that it affords a ready means for the removal of impurities. In 
properly conducted mills, where suitable apparatus is employed for evaporating the liquors in 
which the raw material has been boiled, the stream should not be polluted to any very great 
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extent. Generally speaking, the greater the pollution, the more are valuable materials being loss 
to the manufacturer. It is obvious that the site for a mill should also be chosen with reference to 
its proximity to means of transit for the raw and manufactured muterials. 


Soda-recovery Process (continued hrom 
p. 1507). — The temperature of the va- 
pours in the chimney is determined by 
the speed of the fanmrs. When these 
rnn at high speeds, the fine spray 
reduces the temperature of the combus- 
tion-products coming from the furnace, 
so that in the chimney it is below 82° 
(180° F.). On reducing the speed, the 
temper.iture will soon rise to 204J° 
(400° F.). An objection to the Porion 



evaporator is the volatilization of the 
soda, owing to its intimate exposure in 
solution to the heat of the furnace by 
the action of the fanners. 

There has been lately erected in 
Lancashire an evaporator patented by 
Alfred Chapman, M.I.C.E., paitner in 
the firm of Fawcett, 1‘reston, & Co., 
Liverpool. In this (Figs. 1008-1071), 
the evaporation is effected at a low 







temperature in three vacuum-pans, with 


1069. 


the unusual result that the concentrated 
liquor jellies after extraction from the 
third vacuum-pan, instead of taking the 
ordinary form of the concentrated pro- 
ducts of other evaporators. It is said 
that this apparatus gives an excellent 
product, with great economy of labour 
and water, and with no drainage of foul 
liquor from the buildings. Observa- 
tions extending over three months have 
proved that it evaporates 22 lb. of water 
from the liquor per lb. of coal used 
under the boiler, whereas other evapo- 
rators are considered to work well if 
14 lb. are evaporated. 

The waste liquor is discharged into 
the tank A, whence it is pumped by 
the donkey-engine B, through the feed- 
heater C, into the boiler D, which re- 



ceives heat from the incinerating fur- 
nace H, and, in case of need, from an 
auxiliary furnace shown on the plan, 
under the feed-liquor heater. The steam 
produced in D is taken to the first 
vacuum-pan at E, and having heated its 
contents, the products of evaporation 
pass over into the tubes of the second 
pan; this, in its turn, gives up its 
products of evaporation to the third, 
whence they go to the condenser of the 
vacuum-engine F. Thus the heat from 



the furnace H is used for incinerating the concentrated liquor on its bed, for heating the feed-Uqnor 
in the feed-heater pipes, and for making steam out of the liquor itself in the boiler ; this steam 
finally drives the donkey-pump and vacuum-engine, and causes the evaporation in the three 
vacuum-pans E. It is difficult to imagine a more economical apparatus. 

Extent of the Industry.— The Directory of Paper-makers for 1881 shows that in England and 
Wales there are 259 makers, employing 424 machines ; in Scotland, 61 makers and 102 machines ; 
in Ireland, 14 makers and 18 machines. These numbers include 41 makers of hand-made paper’ 
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Qsing 173 vats, in England ; and 2 makers, 4 vats, in Scotland. A rongh estimate of the amount of 
capital invested in the paper industry may be formed on the basis that average mills would repre- 
sent 20,000-25,0001. for every machine. 

Imports of Paper and Paper materials. — Our imports of paper in 1879 were as follows ; — 

Printing- and Writing-papers — 75,388 cwt., 109,172/., from Sweden ; 73,308 cwt., 150,438/., from 
Belgium ; 44,570 cwt., 79,692/., from Germany; 12,448 cwt., 10,125/., from Norway ; 10,235 cwt., 
20,137/., from Holland; 9678 cwt., 35,942/., from France; 9187 cwt., 26,6.57/., from Austrian 
territories; 3274 cwt., 7108/., from otlier countries; total, 238,088 cwt., 445,271/. 

Paper-hangings — 7059 cwt., 8351/., from Sweden; 5583 cwt., 44,404/., from France; 880 cwt., 
2756/., from other countries ; total, 13,522 cwt., 5554/. 

Brown, Waste, and other (unennmerated) sorts — 94,874/. worth from France, 87,108/. from 
Holland, 83,299/. from Germany, 39,433/. from Belgium. 35,555/. from Sweden,12,964/. from Norway, 
11,593/. from the United States, 5194/. from other countries; total, 370,020/. 

Millboard and Pasteboard — 194,583 cwt., 100,759/., from Holland ; 111,903 cwt., 50,700/., from 
Germany; 53,319 cwt., 29,954/., from Belgium; 10,203 cwt., 8002/., from Norway; 6711 cwt., 
5007/., from Sweden ; 3579 cwt., 7918/., from other countries ; total, 380,498 cwt., 202,3 10/. 

Linen and Cotton Bags — 5457 tons, 96,641/., from Germany ; 2877 tons, 46,414/., from 
Russia; 2540 tons, 28,758/., from Turkey ; 1941 tons, 30,178/., from Belgium; 1784 tons, 32,011/., 
from France; 1192 tons, 12,545/., from Egypt; 1051 tons, 16,196/., from Holland; 1086 tons, 
12,093/., from other countries ; total, 17,928 tons, 274,836/. 

Esparto and other Vegetable Fibres — 68,910 tons, 376,284/., from Tiipoli and Tunis ; 46,636 
tons, 307,488/., from Algeria; 44,091 tons, 357,531/., from Spain; 2334 tons, 14,313/., from other 
countries; total, 161,971 tons, 1,055,616/. 

Pulp from Rags and Wood — 18,190 tons, 148,018/., from Norway; 4271 tons, 41,969/, from 
Sweden ; 1722 tons, 7517/., from Holland ; 752 tons, 6590/., from British India ; 735 tons, 5780/., 
from Belgium; 605 tons, 5179/., from Germany; 1532 tons, 15,015/., from other countries; total, 
27,807 tons, 230,068/. 

Bibliography . — J. Murray, ‘Practical Remarks on Modem Paper’ (Edinburgh: 1829); L. S. 
le Noimand, ‘Manuel du Fabricant de Papiers’ (Paris: 1834); G. Planche, ‘L’ Industrie de 
la Papeterie ’ (Paris: 1853); L. Muller, ‘Die Fabrikation des Papiers’ (Berlin: 1855); Pro- 
teaux, ‘Manufacture of Paper and Boards’ (Philadelphia: 1866); C. Hofmann, ‘Manufacture of 
Paper’ (Philadelphia: 1873); T. Ruutledge, ‘Bamboo considered as a Paper-making Material' 
(London and New York ; 1875) ; J. Dunbar, ‘ The Practical Paper-maker ’ (London : 1881) ; Tomlin- 
son, 'Manufacture of Paper’; ‘Paper-makers’ Monthly Journal ’ (London : 1872;; ‘Paper-trade 
Journal ' (New York : 1872) ; ‘ Papier-Zeitung’ (Berlin : 1876). E. J. B. 

P A'R.A h 'FTTf (Fb., Paraffine ; Ger., Paraffin). 

The paraffin of commerce, a beautiful, translucent, snowy-white, wax-like substance, is not, 
chemically speaking, a homogeneous substance, nor constant in its physical properties. The 
sp. gr. varies from 0 • 8236 to 0 ' 9248. The fusing-point of commercial paraffin ranges from about 
35'^ (95° F.), to 55° (131° F.); much higher fnsing-points are occasionally met with, but speci- 
mens melting at 80° (176° F.) are of curious and scientific, rather than of commercial, interest. 
Within certain limits at least, and other things being equal, the higher the fusing-point, the more 
valuable is the sample. Paraffin is insoluble in water and in cold alcohol, slightly soluble in hot 
alcohol, and completely so in essential and fixed oils, benzol, ether, and carbon bisulphide ; the 
solubilities of the ilifferent samples increase as their fusing-points decre.ise. As will be apparent, 
this property has important bearings on the refining process, as also the crystalline structure, which 
it assumes when the tarry matter is removed by distillation. In samples fusing at about 34°-38° 
(93°-100° F.), the crystals are large and well defined; while in samples fusing at 49°-55° 
(120°-131° F.), this structure is not so evident, though microscopic examination shows that, if less 
than part of the size of those in the former sample, the crystals are still there. Paraffins mix 
with stearine, palmitine, and resins, in all proportions; but it is to be noted, that the melting- 
points of such compounds are not nearly the mean of those of their ingredients ; while the melting- 
points of mixtures of different paraffins are very nearly so. Another peouliar.ty of this substance is 
the condition of plasticity which it assumes, at a temperature very much below its fusiug-poiut. 

Chemically considered, paraffin is a mixture of the two elements, carbon and hydrogen ; ami the 
analysis of many samples, from different sources, demonstiatis that these elements exist nearly in 
the same proportions as in olefiant gas. Consequently, good chemists, after careful investigation, 
have been led to conclude contrary to the general opinion, that the soUd paraffins are mixtures of 
the higher olefines, which have a percentage composition of 85 '7 carbon and 14 '3 hydrogen. The 
chemical behaviour of these paraffins in the presence of reagents favours the theory which places 
them in the seiics lepresentcd by the general expression CnH^n -p, ; the letter n representing the 
number of carbon atoms in the compound molecule. In this so-called homologous series, which has 
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as its first term methane or marsh gas (C H J, the other terms are formed by snocessive addiaons 
of the compound molecule (C H,), the second being ethane (O, H«), and so on, each member con- 
taining tnice as many atoms of hydrogen as of carbon, pins two. The atomic weight of carbon bemg 
12 and that of hydrogen 1, the carbon percentage will increase from 75 per cent, in the monocarbon 
paraffin, to 85-1 in the 20-carbon, and 85-31 in the 30-carbon; and it is evident that, though 
always approaching the theoretical percentage composition of the olefine (CiiH^n) series, it could 
never reach it. It is, however, to he observed, that the percentage in the higher members comes so 
near, that analysis, owing to errors arising from defective method, cannot settle the question. 

The lower hydrocarbons of the paraffin series are, at ordinary temperatures and pressures, 
gaseous ; ascending the scale, we come to liquids under similar conditions, and after that, at about 
the 20th member of the series, to the solids. Where these have been isolat^ by fractional 
distillation, it has been found that, at every step, there is a rise in vapour-density, and boiling- 
point, and, in the solids, in fusing-point. In some samples of petroleum, many of the members 
have been found to exist. Itonald isolated eighteen from an American sample, and, apart from the 
chemical indifference which marks the series, the fact of the association of the higher with the 
lower undoubted paraffins, strongly favours the generally held opinion as to their family 
connection. In the laboratory of nature, it is more than probable that the entire series has been 

produced. . . 

If a piece of solid paraffin is heated for some time in a closed vessel, it is broken up into 
paraffins of lower molecular value, and partly resolved into olefines ; and the higher the rfructure of 
the paraffin, the more easily it is destroyed or degraded. This is important, as hearing on the 
processes of distillation and chemical treatment. 

Mawifadure.— Paraffin in tlie native, ready-formed state is widely distributed over the world. 
Dissolved in kindred oils, it is found in abundance in the United States of America and in Canada, 
and is known by the name of “ rock-oil ” or “petroleum” (see Oils, p. 1433). The yield of solid 
paraffin from American petroleum is not more than 2J per cent. ; in Upper Burmah, petroleum is 
produced containing from 5 to 10 per cent, of crude paraffin ; in Galicia, Wallachia, and on the 
shores of the Caspian, along with petroleums, are found solid deposits which are richer in paraffin, 
known by the names of “ naphthagil ” or “ neft-gil,” “ ozokerit,” “ ceresine ” or “ mineral wax ” (see 
Wax— Ozokerit). The percentage in these deposits is from 15 to 40 per cent. Paraffin is also met 
with in bituminous deposits in various localities. 

Large quantities of this substance are produced on the Continent, from brown coal or lignite ; 
but in this case, as in that of the cannel coals and shales, it does not already exist, but is a product 
of destructive distillation. 

The industry in Scotland has, during late years, attained considerable magnitude, as may be 
gleaned from statistics published lately by Calderwood. He estimates the shale distilled in 
Scotland, by eighteen firms who have monopolized the trade, at 850,000 tens ; the crude oil pro- 
duced, at 29,000,000 gal. ; the naphtha and burning-oil, at 11,400,000 g,d. ; lubricating-oil, at 
5,000,000 gal. ; paraffin-scales, 9200 tons ; and sulphate of ammonia, 4790 tons. 

The principle of destructive distillation referred to is also involved in the manufacture of 
illuminating-gas. In both cases, heat is the active agent. The vessel or apparatus into which the 
shale or coal is put is called a “ retort.” Essentially it is a large bottle, made of materials fitted 
to withstand the action of fire, opening into a condensing arrangement, more or less simple, 
according to special requirements. In this, its primitive, simple construction, the one opening must 
needs serve three purposes, namely receiving the charge, allowing the coke to be taken away when 
the distillation is finished, and drawing off the gases. In practice, there are always two openings, 
sometimes one for each of the three functions. When heat is applied to the outside of a retort con- 
taining shale, from which air is excluded, decomposition takes place, and very numerous and com- 
plicated compounds are formed, which come away as vapour. On the degree of heat, however, 
depends the character of these, notably in this respect : — A very high heat, such as is used in gas- 
making, produces a maximum of lighter gases, which remain permanently gaseous. The paraffin- 
distiller knows that the dull-red heat, which will just suffice to loosen the bonds which bind the 
hydrocarbons to their clay-like matrix, will best serve his purpose ; and though he is compelled to 
exceed the desired minimum, he does so with reluctance and from necessity. 

In practice, it is found that the chemical tie which binds the hydrocarbons to the shale, will 
not be dissolved by a temperature which would volatilize them' if free. Again, all the contents of 
a retort do not come into immediate contact with its sides ; and if the material in the middle of the 
retort is to get just the amount of heat necessary to set its gases free, it must be at the expense of 
that in proximity to its sides getting too much. Another difficulty arises from the fact that the 
hydrocarbons evolved have an extended range of boiling-point. It does not seem possible to com- 
pletely overcome these difficulties ; but we must appreciate the ingenuity and skill displayed by 
engineers who have constructed retorts which fulfil the chemical requirements in a high degree, 
and at the same time the commercial, which demand economy in labour, fuel, and wear and tear. 
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The horizontal retort is remarkably simple in construction. At one end of an oval-section body, 
of variable length and diameter, is the door by which the broken shale is put in, and closed by an 
air-tight lid. At the opposite closed end, it is connected with a hydraulic main, by a pipe 4-8 in. 
in diameter. The main and exit pipes are kept low, to favour the ready escape of the vapours, 
which are dense. Between the main and the retert, is a valve which clo^es the pipe, when the 
retort is being charged or emptied. From five to seven of these retorts may be built in one oven, 
and heated by one fire ; and an indefinite number may be connected with the same main. The 
heat being very low, the condensing arrangements are simple. Steam at low pressure is now very 
generally introduced with beneficial effect— a gentle fiow, carrying along with it Uie vapours as they 
are formed. 

The vertical retort is more complicated in all its forms. As that invented by Norman M. 
Henderson, of the Broxburn Oil (3b., to whose kindness the illustration and description are due, is 
much approved, it will be described in 
detail. It is now in extensive use in 
the principal oil-works in Scotland, 
having been erected in the Addiewell 
works of the Youngs Co., and at the 
Broxburn, XJphall, Oakbank, and 
several other works. 

The retorts a (Fig. 1072) are 15 ft. 
long, having a cross-section of a fiat- 
oval form. Four of these retorts are 
set into one oven, which is a high 
arched chamber b, closed at the top. 

Straight under the oven, is the furnace 
c, which is a capacious arched chamber, 
divided into two by the wall d, rising 
to near the top of it. It is connected 
with the oven by the fiue e, which rises 
about 6 ft. from the centre of the arch. 

This fiue acts as a screen to prevent 
the four retorts, which surround it, from 
being overheated. The products of 
combustion enter the oven by tliis 
passage, and being hot, fioat to the top 
of tile arch, replacing the cooler pro- 
ducts previously there, which, as they 
cool, gradually fall down, and pass out 
at the exit pipes / placed at the bottom 
of the oven. 

The retorts are charged from hutches 
g, run on rails along the top of the 
building. The doors on the top of the 
retorts are opened, and the hutch con- 
tents are tipped direct into them. The 
doors are then shut close until the 
charge is spent, which takes 16-20 
hours. The retorts are closed below 
with a removable door A, and when the 
charge is exhausted, this door is taken 
off by a simple implement i for the pur- 
pose, and at the same time, a little 
valve or shoot k folds back from an 
opening in the top of the furnace-arch, 
and the spent sliale, falling down by 
its own weight, is shot directly into 
the furnace below. The retort is bevelled at tlie bottom, so as to let the removable door be 
made of smaller and handier size, and be within easy reach of the workman. The retorts 
are emptied in rotation, at intervals of 4 hours, from each side of the furnace alternately, so as to 
keep the temperature equal throughout. There is little carbon left in the spent shale, and too 
much draught would extinguish it, so the furnace and oven are constructed so as to cause a very 
gentle influx of air. The slow current also enables the retorts to get full advantage of the heat of 
the combustion-products. The spent shale falls into the furnace black though hot, but in 5 minutes 
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it is glowing brightly. It continues to burn for 8 hours. In this manner, is produced with 
certainty the mild heat fitted to give the highest percentage of products, and the best quality of 
crude oil. The temperature is thus beyond the influence of the workman, and skilled labour is 
rendered unnecessary. The non-condensable gases are let into the furnace, and burned along with 
the spent shale. From what has been said, it will be seen that the lower end of the retort is the 
coolest pjirt ; consequently the oil-vapours are led off from the bottom. Super-heated steam is 
blown into the top of the retort, so as to sweep the oil-vapours out of the region of heat as soon as 
formed, to prevent their being broken up into lighter and gaseous products, the heavier being the 
more valuable. A series of pipes is arr-.vnged along the side of the oven, and through these the 
steam is passed, so that it enters the retort super-heated above the temperature of tlie oven, and so 
diffuses the proper distillation temperature throughout the whole mass of the shale ; consequently 
no part requires to be overheated. 

The old vertical retorts are heated with coal-fires, and are generally worked at much higher 
temperatures. The results are altogether depeudent on the workmen, as, with such powerful fuel, 
great care and skill are required to equalize the temperature. At the bottom of Henderson’s retort, 
is a grating I (Fig. 1072), which prevents the shale getting down into the corner which is out of 
the heat ; and when the bottom plate is taken off, this grating falls over the oil outlet, and protects 
it from the spent shale. When the spent shale is thoroughly burned, the bottom plate of the 
furnace folds down, so as to drop the ashes into a hutch below. To extinguish the embers, the 
hutch is passed through a tank of water, on the way to the refuse heap. The advantages claimed 
for the Henderson retort over the old vertical are : a larger yield of the more profitable materials, 
namely, parafSn-wax, lubrioating-oil, and ammonia ; increased yield ; saving of fuel ; long life, and 
less cost of maintenance ; and reduced loss in refining. The saving of fuel, maintenance, &c., is 
equal to Is. 6d. a ton of shale distilled, or 4s. 6d. on each 100 gal. of crude oil. Assuming, how- 
ever, the yield of crude oil and ammonia to be the same from either retort, the profit can be 
illustrated in the following manner : — 

Result from 100 gal. of crude oil ; — 

Henderson’s. i Old VerticaL 


u. a, 

5-00 per cent, naphtha at 4i. .. ,, 20 5-00 per cent, naphtha at 4d 20 


3.5 00 

„ burning-oil at 4d. 

.. 140 

40-00 

»» 

buming-oil at id. .. 

160 

18-00 

„ lubricating-oil at 8d. 

.. 144 

13-00 


lubricating-oil at 8d. 

lot 

10-50 

„ scale at 30d. 

.. 315 

8-00 


scale at 30d. 

240 

31-50 

„ loss 


34-00 

>» 

loss 


100-00 


619d. 

100-00 



524(/. 


There is thus a difference of 95<I. or 7s. llcf. in favour of Henderson’s, arising from increased 
value of products, which, added to the 4s. 6d. saving in manufacture, amounts to 12s. 5d. per 
100 gal. of crude oil distilled, or 4s. 2d. per ton of shale. 

The products of distillation are received into the hydraulic main, wldch is a long cylinder kiid 
on its side, extending along the bench of retorts, the exit pipe of each retort dipping into it. At 
the bottom, is collected the water, partly produced from combustion, and partly by the condensed 
steam. In this, are dissolved various salts of ammonia ; it is technically known as ammonia-liquor. 
Over this in tlie main, is the crude oil. At the end of the main, before it enters the condenser for 
the purpose of separating the already condensed watery and oily products, is a trap and separator. 
The trap is to prevent the loss of vapour, and at the same time to allow the liquids to pass. The 
separator. Figs. 1073 and 1074, is a vessel of considerable depth, say 3 ft., divided into two portions 
by a vertical partition, which is carried not quite to the bottom. The oil and water are to<>-ether 
led into the larger division of the vessel. The oil, being the lighter body, floats on the top, and by 
an outlet a from this larger division, near its top, is led away to the crude-oil tank. The water, by 
virtue of its gravity, finds its way under the partition, into the other portion of the separator sea’s 
up the passage against the oil, and, by an outlet 6 placed at a level a little lower than the oil-outlet 
escapes into its proper receptacle, to be afterwards treated for the manufacture of sulphatej of 
ammonia. The uncondensed gases are led from the main to a series of condensers, where thev are 
cooled down to the normal temperature ; and the permanent gases are led away either to be burned 
in retorts, or to a coke tower, where they ate brought into intimate contact with heavier oils which 
absorb them. The condenser is in some cases almost exactly like those used in gas-works its base 
being a large chest or chests with faucets at top, on which are erected long inverted IJ-ahaned 
pipes, or condensers. 


Generally aU the oUy products of combustion are collected into the tank, and known as « crude 

“r-n’ Bcdiment, is pumped into a large casteii-on 

still, and heat is applied till all the volatile portion U driven over. The residue left in the still is 
merely cinder or coke, which is broken up and sold for the manufacture of ironfounders’ blacking. 
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The condensed distillate is known as “ once-rnn oil.” This is pttmped into the refinery. The 
arrangements in a refinery are generally of this nature — At a high level, are one set of large iron, 
or wooden lead-lined, tanks, which are intended for the acid treatment of the oils at the various stages. 
At a lower level, is placed another set of similar size, for the treatment with caustic soda. In each 
tank, which may hold several tons of oil, is a stirrer. One of the most efficient, is that designed by 
A. C. Kirk, on the turbine principle, and which, for the acid treatment, is driven at the rate of 
200 rev. a minute. The stirring is also very effectively done hy pump- 
ing air into the m xss of oil ; and this simple method of agitation has 
much to recommend it, as there is nothing exposed to the corrosive 
action of the acid, save the iron pipe through which the air is in- 
jected. The once-run crude oil is pumped into one of the high-level 
agitators, with 2} per cent, of sulphuric acid, sp. gr. 1-840, or refuse 
acid, in whole or in part, which has formerly been used in the more 
advanced stages of the process. The oil assumes a beautiful purple 
tint under the action of the acid, as the brown decomposed matter 
settles down with the acid. What the precise nature of the reaction is, 
does not seem to he wholly understood. It appears, however, that the 
hydrocarbons which have a deficiency of hydrogen yield that hydrogen 
more readily than those which are saturated, and are so decomposed 
by the dehydrating agent. Theory would suggest that instead of 
destroying, it would be more rational to add the required hydrogen, 
and so buUd up paraffins, but hitherto this has not been found practi- 
cable. After having settled, the acid tar is run off by a valve below, 
and the supernatant oil is run into the lower-level agitator, where 
IJ per cent, of caustic soda, 1-35 sp. gr., is added, with slight agita- 
tion. This treatment, besides neutralizing the trace of acid left by the 
last operation, removes the congeners of phenol. The sediment is 
known as “ refuse soda.” 

After the soda treatment, the “once-run treated oil” is again 
pumped into a still, say 6-7 ft. in diameter, and 16-20 ft. long, of 
malleable iron, cylindrical in form, laid horizontally. Between the 
fire and the boiler-plate forming the bottom of the still, is a fire-brick arch, with portholes at the 
flanks, for the purpose of spreading the furnace-flame equally over the bottom of the still. The oil- 
stUl is united, by a goose-neck connection, to an iron condensing-worm of considerable dimensions, 
immersed in a tank kept full by a continual influx of water, which, when heated, escapes by an ovi r- 
flow. At the extreme end of tlie condenser, is pi iced a separator, as before described. The distilla- 
tion is aided by steam. The still has a manhole on the top, and a valve at one end of the bottom, 
by which to run off the tarry residue. Up to this point of the process, no attempt has been made 
at separation of the products ; but now advantage is taken of the fact that the oils of lighter gravity 
distil over at alower heat, and that as the process of distillation is continued, and the heat is increased 
the heavier pass over. During the distillation, the sp. grs. are watched, and the flow of the dis- 
tillate is diverted to separate tanks, as the required densities are reached. It is usual to make one 
division when the sp. gr. at the worm-end reaches 0 • 790, and another at 0-850, when paraffin begins 
to show. The naphtha and light-oil fractions, after another acid and alkali treatment, are ao-.iin 
distilled and fractionized. The very lightest portion, such as is obtained from the coke tower, is 
used for the production of illumiuating-gas, by the impregnation of atmospheric air with its vapour, 
by simple agitation in a portable gasogen. Kaphtha of a sp. gr. of 0-735 is used as a solvent in 
many of the arts, and also in the subsequent process of refining the wax. That at 0 - 765 is a heavy 
spirit, economical for the latter purpose, and safer. These are all volatile at a heat below 100° 
(212° F.), and are consequently calle.l “ spirit.” The light-oil fraction, on redistillation, is again 
divided into “ No. 1 burning-oil,” 0 - 800-0 • 810, No. 2, 0-810-0 - 820, and No. 3, 0 - 820-0 - 830. The 
oils between this latter sp. gr. and 0 875 are inferior, and used for open-air lamps, or torches, or 
machinery cleaning, as they possess little lubricating properties. “Washed oils” are those which 
have been finished by chemical treatment, but an oil finished by distillation is considered the best 
for burning. The latter fraction of the once-run is cooled by the refrigerating machine of Siddely 
and Mackay, described under Carbolic Acid (p. 674). The frozen oil containing paraffin is bagged, 
or put into a filter-press, and after it has been reduced in bulk by filtration, it is spread on canvas 
wrappers, and pressed in an ordinary hydraulic press. The residue left in the bags is called “ scales ” ; 
the filtered oU, “ blue oil,” after treatment with 3 per cent, of sulphuric acid and 1 per cent, of soda, is 
again, after distillation, cooled down, and crystallization once more shows itself in the formation of 
paraffin of improved colour, but lower fusing-point. This is separated as above, and the oil, after 
another treatment, is used for lubricating purposes, and has a sp.gr. of 0-875-0-885. In the 
several distillations, the early fractions are reserved, and sent to the oil-tanks which contain oU 
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of like gravity and purity ; and tlie latter factions are sent back in the process for further treat- 
ment, as they are less pure. These are the principles which guide the oil-refiner, though practice 
may vary in details. The tarry residue left in the still is either coked down, in a cast-iron still, or 
sold as a coarse grease. 

This conducts the reader to a distinct stage of the process, namely the refining of the scales. 
Refining . — The solid residue, after hydraulic pressure, is sold to the wax refiners as “ paraffin- 
scales.” If the fusing-point is over 48° (118° F.), it is called “hard,” if below this, “soft ” scales. 
When the previous treatments have 

been well carried out, and the latter io?5. 


pitchy products of distillation out off in 
time, the scales will crystallize well 
and refine easily. Good scales should 
yield 80-85 per cent, of refined paraffin. 
The 15-20 per cent, is made up of oil, 
water, dirt, and degraded greasy hydro- 
carbons, which must be washed out, or 
destroyed. As this loss is a very im- 
portant item to be taken into account 
by the refiner, some ready means of 
testing any sample is desirable. An 
analysis is impracticable from the 
nature of the material. As a relative 
test between sample submitted and bulk 
delivered of same make, the hand 



screw-press. Fig. 1075, has been introduced. It does not determine how much oil a sample con- 
tains, for the best refined scales will not yield their oil to any pressure, nor even their water, within 
several per cents., but it simplifies the problem very much when, for purposes of comparison, there 
are two samples of the same dryness. The press is 
used thus. The cast-iron saucer a is taken out of the 


press ; 14 discs of blotting-paper are cut exactly to fit 
its inside, and two of linen, which latter should be 
very fine and of close texture ; 5 folds of blotting- 
paper are placed neatly in a saucer, then one fold 
of linen. On this, 250 gr. of the finely-powdered 
sample are carefully spread, and covered, first with 
the disc of linen, and then with 5 folds of the 
bibulous paper. The saucer is then put into the 
press, and the power of two men, one on each end of 
the lever, is applied. After a minute, the pressure is 
relieved, and the 10 folds of paper, which will have 
imbibed most of the oil, are replaced by the other four 
fresh pieces; the same pressure is applied, and the 
sample is allowed to remain under pressure for 10 
minutes, when it is taken out. The very neat sand- 
wich is opened up, the cake is weighed, and the 
difference between the two weighings is noted, and 
reduced to percentage. It is of importance that all 
this should be done in a room carefully maintained at 
155° (60° F ). A better press, as affording a means 
of estimating the actual pressure applied, is shown in 
Fig. 1076. It is wrought by hydraulic pressure, and 
is furnished with a pressure-gauge. The base of the 
press forms the cylinder, and the dotted lines show 
the piston, widened at top, supporting a movable 
saucer a, which is pushed by the water in the cylinder 



by a force-pump c against the stud b. When the operation has been completed, and the water let 
off, the piston is pushed down by a screw d ; then by reversing the screw the press is opened The 
pump-lever is at e. A pressure-gauge, emitted from the drawing, shows the amount of pressure 
applied. The plate / notched at the comers, slides on columns, and acts as a guide to the stud b 
The hydraulic cylinder with piston is at g, and the water-tank for the pump at A. The water and 
dirt may be estimated by obvious methods. It has been the practice of one of the largest 
firms, to subject scales submitted to a further test, by melting, and mixing with strong acid 
(sulphuric), which destroys the low greasy bodies. ° 


« 
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To a great extent, the process of refining parafBn-scales is one of recrystallization. The lower 
paraffins and impurities are much more soluble in their oils and naphthas, than the higher 
and better paraffins, which crystallize, and separate easily from the mother-liquor containing the 
former The purification is accomplished in diflerent ways, but attention will be confined to one 
system, which is perhaps as economical as any, while as to the quality which can be produced by 

it, there is no question. * -i 

The scales are melted in a large pan, by steam introduced directly mto the mass, by a bent coil 
of malleable iron pipe, say of in. diameter. When it has been boiled, it is allowed to deposit 
what mechanical impurities it contains. It is well to have this pan with a tapered bottom, and a 
large valve below to let off the water and as much dirt as possible. The water is collected in a 
large separator, constructed on the principle mentioned before, as there is always some paraffin that 
escapes with the water and dirt. This separator should be very capacious. The same arrange- 
ment should be in connection with every pan where there is boiling with open steam, or contact 
with water ; and the water from all these should be led into a very large compound separator, 
constructed as shown in Fig. 1077. The arrows show the direction of dramage. Division o will 
intercept most of the oil, but a little may escape to the second and third divisions be. The 

1077. 



separator with division walls is made of brickwork cemented. The pipes, open at top, so as to 
give facility for cleaning, may be of fire-clay or iron. This first melting-pan has a tap at say 18 m. 
above its bottom, and when the water and dirt have subsided below this, the clean melted scata la 
siphoned off into another pan, where it is mixed with 25 per cent, of shale naphtha, or that which 
has been previously used at a later stage of the process, and is consequently comparatively pure. 
This mixture is now allowed to run into shallow moulds, of such size that two cakes wUl cover the 
platten of the hydrauiio press, and about j in. thick. The press used is that fully described in the 
Mticle on Candles, p. 587. When cold, each cake is put into doubled mats of coco-nut-fibre, covered 
inside with canvas, in form like the covers of a book, with the edges thickened by a doubling over 
of the matting. One of the presses referred to will hold about 80 of these cakes iu their wrappers, 
with wicker mats at frequent intervals to stiffen the two columns of 40 cakes each. When the 
pressure is applied, the oil flows away in streams, c.irrying along with it the impurities and low 
greasy paraffin into a tank below. After standing say 3-4 hours, till the other presses of the set 
have been filled, the cakes are taken out, and represent about 4J cwt. of cake of a much paler com- 
plexion than when put in. The expressed wash is submitted to distillation, and the naphtha 
obtained may be used over again ; the paraffin, after pressing, is either mixed among the scales, or 
kept for producing a refined wax of low fusing-point The paraffin, which, along with dirt and 
water escaped from the first melting-pan, is found as a cake on the separator, and is just 
returned to the pan at the next filling. The dirt, after mixing with a little crude oil, is bagged, 
and steamed in a vessel over the separator. 

Thus the first stage of refining is disposed of. The once-pressed cakes are apin treated m the 
samp manner, either with pure naphtha, or with the wash derived from a third pressing. The 
pressim' is done in a separate department, where another set of presses are erected, over a tank to 
collect the wash. This wash, as has been indicated, may be used for a solvent for the scales at the 
first stage. The cakes, when taken down, are nearly white ; they are again melted, as before, but 
this time in every case with pure naphtha. It is very important that, in the distillation of this, it 
should have been carefully fractionated, so as to have no burning-oil left, as any trace of this would 
leave <in odour with the material, which would lower its value. The cakes, when cold, are put into 
the press again, and come out clear and transparent, but smelling strongly of naphtha ; to remove 
this they are put into a still or rectifier, heated with a gentle fire, and agitated hy a pierced coil of 
iron pipe, admitting steam into the liquid. The rectifier is connected with a very capacious con- 
denser so that the naphtha is saved for future use. The wash from this third pressing is 
trated’by distillation, and either sent back a stage in the process, or caked, and pressed to finish 
with another wash, as « refined paraffin,” of low fusing-poiut. The fusing-point of the finished wax, 
between wide limits, is under the control of the refiner. . , , , «« j 

The last and finishing stage of the process is the treatment with animal charcoal. Ihe rectinea 
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parafSa is freed from water, and put into a donble-cased pan. Between the c,isings, steam at 30 lb. 
pressure is admitted, which dries the paraffin. Some 5-10 per cent, of freshly burned animal 
charcoal, as fine as flour, is stirred for J hour among the liquid, and then allowed to subside. When 
clear, wliich it will be in about an hour, it is run off, at a point just above the sediment, into a 
filter. This must be of peculiar construction. The case is a jacketed cylinder, closed at bottom, 
except a small hole with female screw. Another light cylindrical framework of smaller size is 
inserted in this, and fixed in its place by a male screw, fitting into the hole in the outer ease. This 
screw is a hollow pipe, through which the filtered paraffin escapes. The inside perforated 
frame is covered with bibulous paper, and the hot paraffin is led fiom the pan, and allowed to fall 
between the outer and inner frames. It finds its way through the pores of the blotting-paper, 
into the inside frame, and escapes by the bottom hole into its receptacle. The nnflltered paraffin 
is kept hot and liquid by the steam confined in the outer case, otherwise filtration could not go on. 
The water-white liquid is now put into the monlds to cool, and next day the cakes are ready for 
boxing. It will be seen that the processes, though simple, are tedious ; and in practice, a week 
elapses, counting from the time when the scale is melted, till it is weighed, and put into cases for 
sale. It is, however, the residues of the different operations which are most troublesome. One that 
has not been noticed is the charcoal left in the bottom of pan. More than its own weight of 
paraffin adheres to it, when all that decantation can do has been done. It has been found 
best to dissolve out the paraffin with repeated washes of naphtha, which can go to the third wash 
of the process. Any naphtha remaining can be removed by retorting, and the char he cither sold 
to blacking-makers, or, after reburning, be used again for refining. 

Modifications of this method, and other methods, have been adopted, but as these are alluded to 
in the article Candles, there is no occasion to repeat them here. 

The paraffin ri fined block should be of an opalescent whiteness, perfectly free from taste and 
smell. When two pieces are struck together, they should emit an almost metallic sound. It should 
be free from scaliness, and smooth on the surface. Quick cooling and thorough washing and 
pressing favour this. 

The uses of paraffin are numerous. The greatest quantity is employed in the manufacture of 
candles. It is also used for tapers and vestas, and inferior qualities in the manufacture of matches. 
It is used by, calcnderers for sizing and glazing their fabrics. It is also said to be used to imparl 
a finish to woollens, and in some patent process for waterproofing. If the new process of tanning 
of leather by bichromate of potash should be a success, a very considerable quantity of paraffin 
of medium quality will be required. To the chemist, it is, from its cleanliness and other properties, 
fitted to replace other oils in high-temperature baths; and from its indifference to chemicals, is 
useful for coating any frail substance, such as paper, so that he can improvise a vessel that will hold 
water or the most corrosive acid or alkali. It is invaluable to the electrician as an insulator, and, 
when mixed with indiarubber, it imparts to it the property of setting solid when cooled, after it has 
been melted by heat. A special quality of high melting-point is manufactured for the purpose of 
coating the inside of barrels holding beer for export. 

Imports . — Besides the paraffin manufactured in the United Kingdom, considerable quantities of 
foreign are consumed. Our imports in 1879 were : — 31,273 cwt., value 82,7281., from the United 
States: 21,213 cwt., 70,591/., from Germany; and 296 cwt., 622/., from other countries; total, 
55,782 cwt., 153,941/. H. L. 

(See Alkalies — Ammonia ; Candles ; Coal-tar Products ; Gas [Coal] ; Oils — Mineral ; Wax — 
Ozokcrit.) 

PKAB.L AND COBAIi. 

Two marine products bearing some resemblance to each other in origin, occurrence, mode of pro- 
curing, artistic application, and value, are pearl and coral. 

Peaxl (Fa., Perle ; Geb., Perle ). — Many molluscs line the interior of their shells with a coating 
formed of alternate layers of animal membrane and carbonate of lime ; this, in some species, assumes 
a nacreous or pearly lustre, and forms the substance known as “ mother-of-pearl. ’ A superabun- 
dance of this secretion is often produced in drops or tuberosities, adhering to the interior of the shell, 
or lodged in the fleshy part of the occupant ; these form the “ pearls ” of commerce. The forma- 
tion of mother-of-pearl is evidently a natural and unvarying process with certdn species of mjllusc, 
though little research has been made as to the conditions which favour or retard it. The produc- 
tion of pearls, on the other hand, at least in the case of the true pearl mussel, is accounted accidental 
(possibly on insnfficient grounds), and is generally attributed to disease or injury suffered by the 
occupant of the shell. This seems to be borne out in some measure by the following experiences 
gained in the pearl-fishery (I) When the shells attain great size, with a smooth, clean exteiior 
free from excrescences, holes, or other blemishes, indicating full and healthy development of the 
animals, and particularly noticeable where their occurrence is sparse, —there pearls will be extremely 
scarce ; (2) where they are closely crowded, deformed and stunted in growth, studded with exores- 
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eenoes, and honeycombed with small perforations penetrating into the nacre, — there pearls will 
abound. Somt times 100 pearls may be found in one shell, but in that case, few, probably none, will 
have a commercial value. 

fSoi ts and Sources. — True pearls are formed only in bivalve sht Us, but handsome nacreous forma- 
tions are obtained also from some univalves. The species whose productions are known in 
commerce are as follows: — (1) The true “pearl-oyster” or -mussel QAvic’ila margaritifera), yielding 
the most valuable pearls, while the shell itself is valueless ; (2) the mother-of-pearl mussel 
(Meleagrina margaritifera'), chiefly valuable for its mother-of-pearl, the shells being 6-18 in. across, 
while the pearls found in them also possess considerable value ; (3) the conch-pearl or fountain 
shell (5'trom6Ms gigas)\ (4) the giant clam (TVidocnu ffijas), giving dull, opaque-white pearls; (5) 
Pxnna squamosa, black and red ; (6) seed-pearls from Placuna placenta [orbicularis], lead-coloured ; 
(7) the common oyster [Ostrea edulis); (8) the horse-mussel [Modiola vulgaris); (9) the chank 
{Turbinella scolymus), pink pearl; (10) the “green snail” (Tu/iio olearius [marmoratus]) ; (11) the 
“Turk’s cap” {Turbo sarmaticus); (12) the “ear-shells” or “aurora-shells” {Haliotis spp.), 
including the “ ormer,” of the Channel Islands, H. iris, of New Zealand, ff. Mid i, of the Cape, 
JT. rnfescens, S. splendens, and H. Crackerodii, of Japan and other localities ; (13) the Chinese 
“pearl-mussel” {Amdonta herculea); and (14) the river-pearls obtained from Alatnodon spp., Unio 
tpp. , and other river-frequenters. 

River-pearls, the produce of fresh-water mussels, occur in the mountain streams of Scotland, 
Ireland, Lapland, Bohemia, and Canada. The marine pearl-fisheries are confined to a portion of 
the Persian Gulf; the Tinnevelly Banks, on the Ceylon coast; the E. Archipelago; the coasts of 
Australia, and the lagoons of many of the S. Pacific Islands ; and Central America, in both 
oceans. 

Fresh-water pearls are almost always of greatly inferior lustre and value, yet specimens worth 
3-41 each are not unfrequently found, and individuals have been known to fetch 50-100/. The 
Scotch pearls have long been famous. During the years 1761-4, London is said to have received 
pearls to the value of 10,000/. from the rivers Tay and Isla. In the dry summer of 1862, there was 
an unprecedented dheovery of pearls in Scotland, the average value fluctuating between 46s. aud 
60s., while 5/. was considered a high figure. The estimated value of the total findings in 1865 was 
12,000/. Prices have since advanced considerably. The Bohemian fisheries are confined to the 
Horazdiowitz district of the Wotawa. 

During the summer months, the Arabs prosecute a small pearl-fishery along the coasts of the 
Red Sea. The captured molluscs are taken ashore and exposed to the sun, when they quickly 
open ; they are then examined for pearls, and thrown away. The headquarters of this fishery is 
Jedda. The shipments of mother-of-pearl from this fishery from Alexandria are said to amount to 
about 12,000 cwt. annually, less than half coming to Birmingham. The pearl-mussel fishery in the 
Persian Gulf, principally on the banks of the island of Bahrein, is also in the hands of the Arabs. 
The best beds are said to be level, and formed of fine whitish sand, overlying the c ral, in clear 
water. About 4000-5000 boats are engaged, and the annual value of the harvest may be fdaeed at 
600,000/. The beds occur at all depths down to 18 fathoms, and probably lower ; the chief diving 
is in 4-7 fathoms. The season lasts from April till September. The shells are mostly taken first 
to the little port of Liugah, whence a considerable quantity of mother-of-pearl is shipped direct to 
London, and a lesser amount to the Continent. Many of the pearls go to Bombay, especially those 
of yellowish colour and perfect sphericity; Bagdad is a great market for the seed-pearls, and those 
of white hue. The Persian Gulf shells that reach here are mostly small, and dark-edged, but they 
fetch a better price than Panama and Tahiti shells. The imports are seldom less than 3000-5000 
cwt. yearly. The values (in rupees of 2s.) of the exports from Persian Gulf ports in 1879 were as 
follows from Bahrein; 1000 r. to India and 300 r. to Persian coast and Mekran, of mother-of- 
pearl ; 18,00,000 r. to India, 3000 r. to Red Sta and Aden, 4000 r. to Persian coast and Mekran, 
and 4000 r. to Koweit, Bussorah and Bagdad, of pearls ; from Busl.ire : 14,000 r. to England, of 
mother-of-pearl ; from Lingah : 50,000 r. to England, 20,000 r. to India, and 4900 r. to Persian coast 
and Mekran, of mother-of-pearl; 22,25,000 r. to India, and 15,000 r. to Koweit, Bustorah and 
Bagdad, of pearls. Thus the total ascertained exports had a value of 41,37,200 r., or over 40,000/. 

The Ceylon or Tinnevelly fishery is situated on the W. coast of Ceylon, in the Gulf of Manaar, 
southwards of the island of that name, and along the opposite coast of the Indian continent, near 
Tuticorin. The banks lie in groups ; the first, opposite the village of Arippu, comprises the so- 
calhd Peria-Par, Peria-Par Karai, Cheval-Par, Kallutidel-Par, and Modaragam-Par ; facing the 
village of Karaitivu, is the bank of that name ; and off the village of Chilaw, are Karakupanai-Par 
and Jekenpedai-Par. These banks are 6-8 miles from the shore, and 5J-8J fathoms below the 
surface. They consist of masses of rocky ground, rising from the sandy bottom, and are probably 
exposed to ocean currents. These grounds are under the control of an Inspector appointed by the 
local government, and are worked exclusively by the government, who employ native diver.--, and 
give them J of the proceeds. Experience has shown that few pearls, and those of little value, axe 



1518 


PEAEL AND COEAL. 


to be fonnd in molluscs under 5 years old : during the 5th-6th years, the value doubles, and is 
said to double again during the 7th year ; the pearls are immature and imperfect if removed too 
soon, but the animal is liable to death or destruction if left too long. Intervals are therefore 
allowed to elapse between the fishings, varying in length according to the reports of the inspector. 
Until 1863, there was but little system in the operations ; the yields of the fisheries had been : 
—1796-1809,517,481/.; 1814-1820,89,909/.; 1828-1837, 227,132/.; 1855-1860, 117,454/. In 
1863, 22 days’ fishing produced 11,695,000 oysters, whose yield of pearl was valued at 51,018/. 
The next fishing was in 1874, when 1,700,000 oysters gave 10,120/. worth of pearls. The fishing 
of 1877 lasted 30 days, and afforded 6,850,000 oysters, giving pearls to the value of 18,952/. The 

1879 harvest was unexpectedly good ; 12 days’ fishing produced 7,650,000 oysters. The fishery of 

1880 lasted from Mar. 9th to Ap^ 2nd, and the 11 days’ operations resulted in a take of 11,500,000 
oysters. This year’s (1881) report states that 60,000,000 oysters might be fished, and might 
realise 60,000/., the sample pearls fished giving the shells an average value of 10-12 rupees (of 2s.) 
a 1000. The fishing is conducted with extreme regularity. The divers relieve each other at 
intervals ; when the boats come ashore, their harvest is removed to a shed, J being handed to the 
divers as their remuneration. 

After the pearls are collected, they are classified, sized, and valued. The classification is as 
follows : — (1) Ante, pearls of perfect sphericity and lustre ; (2) anathorie, failing in one of these 
points ; (3) masengoe, failing slightly in both points ; (4) kalippo, failing still more ; (5) korowel, 
double ; (6) peesal, misshapen ; (7) oodwoe, beauty ; (8) mandongoe, bent or folded ; (9) kural, very 
small and misshapen ; (10) thool, “seed.” The sizing is effected by passing them through a suc- 
cession of brass cullenders, called “ baskets,” having the size and shape of large saucers. There are 
10-12 of these. The first is perforated with 20 holes, and the pearls which do not pass through it 
by shaking are called “of the 20th basket.” The succeeding baskets have 30, 50, 80, 100, 200, 400, 
600, 800, 1000, each giving the name corresponding with its number of holes to the pearls that do not 
pass through. After sizing, the pearls are weiglied, and their value is then expressed at a rate “ per 
chow," which term embraces all the qualities which have been estimated. 

China possesses a pearl-mussel fishery near Pakhoi. The grounds are divided into four districts, 
lying between the S. coast of the Pakhoi Peninsula, the island of Weichow, and the Leichow 
Peninsula. The fishery takes place every 10-15 years ; the last (1875) gave a value of 30,000 taels 
(of 6s.). Cochin China has an extensive commerce in mother-of-pearl, obtained mostly in the Bay 
of Tirwar. On the N. coast of Japan, is a considerable fishery of awM {Haliotis gijantea), a mussel 
affording mother-of-pearl, which is much esteemed by the Japanese and Chinese. The Philippine 
Islands produce large quantities of mother-of-pearl. The exports were 155 tons, value 17,402/., in 
1877, and 152 tons, 17,073/., in 1878 ; in 1879, 2198 piculs (of 139J lb.), value 16,045/., were shipped 
to the Straits Settlements and India. The whole extensive range from the Tawi-Tawi Islands and 
Sulu, as far as Baselan, is one vast continued bed of pearl-mussels, principally of the behoren or 
mother-of-pearl species, called fi>' by the natives, but there is also a large area occupied by the 
Ceylon oyster, termed hapis by the Malays. The principal banks of the latter are found in Maludu 
Bay. The fishery is carried on by both Chinese and Malays. The Sulu fishery, about Tawi-Tawi, 
is described by Moore as being superior in extent and productiveness to all others. I'he Sulu pearls 
have always been celebrated as the most valuable produced ; the mother-of-pearl shell is distin- 
guished by the yellow colour of the border and back, rendering it unfit for some purposes. Some 
2500-3000 owt. are sold annually. Labuan is the chief mart for the Sulu product ; in 1868, the 
value was 11,554/. ; in 1870, it had fallen to 5686/., and still lower in 1878. A few inferior pearls 
are obtained from a small oyster in Borneo. Macassar is the market for the pearl-mussels found by 
the natives of the Bayos. In Kau Bay, between the N. and N.-B. peninsulas of the island of Hal- 
mahera, are pearl-banks belonging to the Sultan of Temate. The sea about the Aru Islands affords 
both pearls and mother-of-pearl, which are taken to Dobbo. The pearl-banks on the W. side are 
rich, but have hitherto been neglected. The head-quarters of the pearl-fishery is the Blakong 
Tanah, on the E. side of the islands, facing New Guinea. This is the most important pearl-fishery 
in the whole Archipelago. In 1860, the product was 2500 piculs (of 135i lb.), value 190,000 /r., and 
20,000 fr. worth of pearls. The island of Timor has pearl-banks, but the yield is trifling. 

The great Queensland pearl-fishery in Torres Straits is mostly in the hands of Sydney capitalists. 
It is carried on by boats, with Malay divers, in water of 4-6 fathoms. The pearl-mussels of Torres 
Straits have a weight of 3—6 lb., and even 10 lb. The weight and worth of the pearl-mussels 
exported from Queensland have been as follows : — 1874 : 2 1b., 12/. ; 1875: 112 cwt., 799/.; 1876: 
2886 cwt, 15,665/.; 1877: 7768 cwt., 48,723/. ; 1878 : 9530 cwt., 54,149/. The official statistics 
from the station in Thursday Island for the year 1st May, 1878-30th April, 1879, were:— Living 
pearl-mussels, 425 tons, 1^ cwt. ; dead pearl-mussels, 4 tons, 2 ewt. ; pearls, 130/. worth. The value 
of the mus,-el-shell at 130/. a ton is 112,320/. The pearl-fisheries of the N.-W. coast of Australia 
give extensive employment, tlie divers being Malays from the Dutch settlements, and natives ; the 
diving is carried on from the end of September to the end of March. 'The extent of these banks 
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Is probably far from being defined as yet A vessel engaged in pearling in King Sound, in 1879, 
got 21 tons of shells in 25 days ; the banks doubtless exist between Beagle and Collier Bays, and 
there is reason to hope that they reach as far north as the Gulf of Carpentaria. The fishing is 
carried on solely for the value of the mother-of-pearl shell {ifeleagrinci margaritiferii), but it also 
yields a number of pearls, some having a high worth. The shells are of the best kind known, 
weighing 1 J-6 Ib. a pair. They are subject to an expoi t duty of il. a ton. A distinct fishery is 
carried on in Shark’s Bay (W. Australia), particularly on the banks in Useless Harbour. The shell 
here found is the true pearl-mussel (^Avicula margwitifera). The shells are very thin, with a beautiful 
pearly inner surface ; till quite recently, they were considered valueless, on account of their thinness, 
but quantities are now being sent to Havre at a most remunerative price. The pearls themselves 
are the main object of search, and large numbers must be found ; but as there is no duty of any 
kind levied upon them, statistics are wanting. They have a brilliant lustre, but seldom exceed the 
size of a pea. The capture of the molluscs is effected by dragging iron-wire dredges over the banks 
in shallow water. The shells are heaped up ashore for the occupants to rot, when they are easily 
opened and searched. Tire pearl-fisheries of W. Australia possess a considerable and growing 
importance. In 1874, the total ascertained value of the exports of mother-of-pearl was 58,928/., and 
of pearls, 6000/. ; the exports of the former in 1876 were 240 tons to London, and 67 tons to Singa- 
pore, the price fiuctnating at about 250-280/. a ton. The discovery of molluscs yielding mother-of- 
pearl and pearls in Oakley Creek, New Zealand, has heen reported. 

Diving for pearl is one of the chief occupations of hoth sexes of natives in the islands of the 
S. Pacific. The mollusc here sought is the mother-of-pearl-yielding mussel, which inhabits the 
interior lagoons of the great coral atolls. It frequents the clean growing coral, where it can attach 
itself free from sand or drift, and where there is considerable influx and efflux of tide. It is also 
to be found in great numbers under the breakers that beat upon the outer reefs, and probably at 
greater depths in the sea beyond. The animals are gregaiious, and love to congregate in large 
piles, firmly attached to one another. Unfavourable conditions will cause them to migrate en masse 
for a short distance. The attachment to the rock is effected by means of a “ cable ” springing from 
the body of the mollusc, and passing through an oiifice between the shells at the hinge. Duiing 
life, the colour of this cable is dark-green to golden-bronze, and a similar degree of brilliancy 
pertains to the two flat surfaces at the back of the hinge; the exact degree and shade of these 
colours are said to indicate the presence or absence of pearls within the shell, with such a degree 
of certainty that experienced fishers will select 75 per cent, of the pearl-containing mussels from a 
boat-load by this sign alone. The shell comes to maturity in about seven years, at which time, its 
average weight is 1 lb. empty ; the usual size is 10 in. across, sometimes reaching 18 in. 'When 
mature, the creature detaches itself from the rock, opens, dies, decays, and the shell becomes 
coated with coral and parasites, and loses all value, while any loose pearls contained in the shell 
fall out and are lost. The animals have several enemies, one of the worst being a centipede-like 
creature which infests stagnant lagoons, and enters the shells and devours the occupants. Almost 
all well-grown mussels are troubled with lobster-shaped parasites, about the size of shrimps, which 
inhabit and breed in the mussel-shells. 

The shells are secured individually by divers. When landed, they are generally separated into 
two piles, consisting of those which are supposed to contain pearls and those which are not. The 
shells are opened by flexible steel-bladed knives ; a skilful hand will open one ton of shells per 
diem, without missing any pearls there may be. The emptied shells (mother-of-pearl) are at once 
placed in the shade, to preserve their colours. The animals are eaten in times of great scarcity. 
Pearls, when present, are usually lodged in the muscle whence the cable springs, which, being 
transparent, easily reveals their presence. When many are found in one shell, they are commonly 
small and ill-formed. Other pearls occur sometimes loose in the shell ; these are always of very 
fine quality, perfectly round, and often large. Not more than one mussel in a thousand contains 
such pearls, but when they are present, they are frequently lost by the natives through carelessness 
in opening. Fine, calm weather is most favourable to the fishing, but not indispensable. No 
accessory or apparatus of any kind is used by the divers ; but they rub their bodies with oil, to 
avoid blistering by the sun. They can remain under water 1-2 minutes or more, and are able 
to bring up shell from 20 fathoms. Few shells are got from this depth, but those are exceptionally 
fine. Many fisheries now supposed to be exhausted still contain great riches in the deeper water; 
and many lagoons that have afforded nothing in the shallow water will repay search at greater 
depths. Taking all things into consideration, the cost of raising mother-of-pearl shell in these 
islands is about 5-6/. a ton. 

The pearl-fishery of the S. Pacific is carried on chiefly in the Tuamntu [Pomotou, or Low] Archi- 
pelago, in the Gambier L-lands, and in the NavigatoFs Islands. Very many other localities are 
partially or totally neglected. Thus the island of Manihiki, which afforded over 100 tons of shell 
in 18 months, some 20 years ago, has not been fished since ; and the lagoon of Hngolen is known 
to contain an immense bank of pearl-mussels. The Tuamotus are said to have yielded altogether 
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some 25,000 tons of mother-of-pearl, valned at over 1,000,0001. Almost the whole prodnction goes 
to Tahiti for export. In 1873, the total shipments were estimated to amount to 2000 tons of shells 
and 200,000 /r. worth of pearls. In 1878, Tahiti exported 591 tons of shells, value 35,4601., and 
60001. worth of pearls; in 1879, 470 tons of shells, value 28,2001., and 40001. worth of pearls. The 
export duty of 328. a ton on shells, which .was imposed in 1875, was removed in 1878 ; this fact 
partly accounts for the increased export in 1878. The classification of pearls in the Pacific Islands 
is as follows (1) Those of regular form and without faults: value, 3s. per those weighing 

lj-2i grtn., 100-1401. ; (2) round, white, and of good lustre : value, 30 grm. containing 800 pearls, 
41., the same weight in 50 pearls, 601. ; (3) irregular form, net free from faults or spots : value, 
30 grm., 3—41., according to degree of tarnish by black blemishes and dulness ; (4) knots of pearl, 
which have adhered to the shell : value, 30 grm., 30-40s., according to regularity and brilliancy ; 
(5) seed-pearls, 2-31. a lb. Mother-of-pcarl brings 3-6d. a lb. The chief markets for Pacific pearls 
are Hamburg, Amsterdam, London, and St. Petersburg. 

Besides the pearl-mussel, a species of large clam is found in the lagoons of many of the Pacific 
Islands, affording pearls of unusual value. They are of two kinds, and are locally called paahua 
or tridachna ; one grows chiefly on the solid coral, and docs not attain so great size as the other, which 
is found not only on the hard reef, but bound to loose rocks, or lodged upon the sandy bottom. The 
latter attains enormous proportions, and is the bind which yields pearls. These are found in the 
body of the animal, and are so common that 100 may be gathered in a day’s fishing, but they are 
generally of irregular shape and quite opaque ; they are never sought after by the fishermen, and 
valuable ones are rare, but their systematic search would probably be highly remunerative. Yet 
another pearl-yielding mollusc inhabits these seas, with a shell like that of an oyster. It is always 
firmly attached to the rock, and is found singly, so that it is scarce ; but it affords perfectly round, 
lustrous, golden-coloured pearls, about as large as peas. 

The Central American pearl-fisheries lie on both the Atlantic and Pacific sides. They occur in 
the Bay of Panama, about the Pearl Islands, of which St. Joseph is the most important, whence 
800-1000 tons of shell have been taken annually. In 1869, we imported pearls to the value of 
about 40,0001. from New Granada, the Atlantic ports of America, and St. Thomas ; and the average 
annual value of the Panama fishery has been estimated at about 25,0001. In the lower part of the 
Bay of Mulege, in the Gulf of California, near Los Coyetes, pearls have been found of great value ; 
and it is generally believed that a series of beds extend from the Gulf of Darien to the Gulf 
of California. In the latter, and along the shores of Central Mexico and Costa Eica, pearl-fishing 
has long been a lucrative occupation. There is great variety in the quality of the shells from 
different localities. The chief fishery on the Mexican coast is between Mulege and Cape San 
Lucas, and in a lesser degree around the Mas tres Marias, and in the neighbourhood of Acapulco. 
The molluscs here met with are the cancAa nacar or mother-of-pearl mussel {Meleagrina margaritifera), 
and ear-shells (_Halivtis rufescens). The fishery is carried on during July-October, wind and cold 
preventing it at other seasons. The use of diving apparatus is coming largely into vogue. The 
mother-of-pearl found in the Gulf of California is white, with blue-black or yellow bands, and 
3-6 in. across. The size and number have much decreased of late years, on account of reckless 
fishing, without giving time for the beds to recover; also, it is thought, from the damage done to 
young molluscs by the heavily-weighted boots of the divers. It has recently been determined to 
suspend operations, and open the fishery only once in every four years. The Californian shells go 
almost exclusively to Hamburg, whence Austria, France, and England draw their supplies. The 
pearls go mostly to Paris, but also to Fraukfort-ou-Maine and Hamburg. The tot.il Californian 
fishery is reckoned to produce 6000-7000 cwt. of mother-of-pearl annually. The expoi-ts of mother- 
of-pearl from Costa Eica were 2042 lb. in 1875, 4425 lb. in 1876, 42,446 lb. in 1877, 6750 lb. in 1878, 
and 3549 lb. in 1879 ; the value rose from 2c. to 10c. a lb. Panama, in 1879, shipped 7000/. worth 
of pearls to the United States. Guayaquil shipped at the rate of 13-14 tons yearly of mother- 
of-pearl about 1871. 

In the Bahamas, conch-fishing is an important industry. The only species affording pearl is 
the common pink conch {Strombus gijas). The pearls taken from under its apron are pink, yellow, 
or black, the first-named alone having any value. They possess a delicate pink tint, and are often 
beautifully waterlined, which, with their size and colour, determines their worth. They are readily 
saleable in Nassau (Bahamas), at figures occasionally reaching 20/. The value of the totil 
,.TiTiTia1 export is estimated at 10,000/. 

01 do, one of the States of the American Union, is remarkable for an extensive fishery of a 
kind of river-pearl, in the Little Miami river, Warren Coxmty. The fishing season lasts from June 
till October. Men and boys wade over the banks in the river, and raise the shells with their feet, 
so as to avoid putting the head under water. The shells are opened with a knife, and in about one 
case out of 150, pearls— sometimes to the number of three — are found between the shell and the 
membrane that lint s it. 

Quiilities, Values, and Commerce.— The qualities of pearls and mother-of-pearl vai^ widely. The 
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best pearls are of a dear, bright whiteness, smooth and glossy, and free from spot or stain. 
The globnlar form is most generally esteemed, but pear-shaped ones of large size make handsome 
earrings. Pearls of dark colonr are in little favonr. The Talne, other conditions being equal, 
increases geometrically with the size. Thus a pearl of 3 gr. is worth about 19«. ; 4 gr., 32«. ; 5 gr., 
47s.; 6gr.,75s. ; 8gr., 114s.; lOgr., 11/. ; 12gr., 16/.; 14gr.,20/. ; 16gr.,30/. ; 18g^.,40/.: 20 gr., 
50/. ; 24 gr., 72Z. ; 30 gr., 100/. When two or more pearls possess identity of form, size, colour, &o., 
they assume a fancy value beyond all rules. Mother-of-pearl owes its beauty to the minute corru- 
gations of its surface, which cause the much-admired iridescence. The shells, as imported, are of 
various sizes and values. The smallest are Panama, weighing about J lb. the single valve ; 
Bombay and Egyptian weigh about j lb. ; black-edged South Sea, 1 lb. ; Manila, Singapore, and 
Australian, li-3 lb. The medium and small shells, being cleanest, bring higher rates in com- 
parison with the laiger. The approximate London market values are : — Panama, 69-85*. a cwt. ; 
black-edged S. Sea, 65-130*. ; Bombay and Egypt, 95*.-132*. 6d. ; Manila, 135-160*. ; Australian, 
130-220*. Pearls are used exclusively for jew^ery in Burc^ and America. Mother-of-pearl has 
very wide applications for ornamental purposes, such as fans, studs, buttons (see p. 558), card-cases, 
and multifarious toilet articles, as well as in cabinet-making, inlaying, and papier-mache work. 
In 1870 (the latest detailed Return), we imported 26,197 cwt. of mother-of-pearl, value 76,489/., 
and 16,675/. worth of pearls. In the ten years ending 1876, France imported 1,376,132 kilo, of 
mother-of-pearl, value 3,159,943 fr., and 118,078 grm. of pearls, value 2,007,333 fr. ; France also 
now imports about 125,000 kilo, annually of esur-shells (^Haliotis). The imports of mother-of-pearl 
at Hamburg were 7600 cwt. in 1875, 600 cwt. in 1876, and 3300 cwt. in 1877. 

A good remedy against the liability which pearls manifest of losing their brilliancy is to keep 
them in magnesia. An artificial imitation of pearl is largely made on the Continent, the essential 
ingredient being guanine, a silvery mucus found on the scales of Lenciscus albumus, which is incor- 
porated with wax, and may be either bored and strung as pearls, or spread to resemble mother-of- 
pearl. (See also Celluloid, p. 615, for artificial pearl-making). 

Coral (Fb., Corail ; Geb., Koralle ). — There is still great ignorance on many important points 
relating to the production of coral. The little that is known leads to the belief that its growth is 
rapid ; that its development is simple ; that it accommodates itself to very varied circumstances ; 
and that detached fragments from the bunch or principal stem have vitality, and wiU attach them- 
selves to fixed substances for continuing their development and forming new trunks. But at what 
age coral attains its largest size ; how long it takes for an exhausted coral bank to recover itself; at 
what period the eggs are laid ; how the products are disseminated ; at what period the budding 
takes place, and how long it lasts: these questions, on which rests the progress of the coral fishery, 
are as yet unsolved. 

Coral stem is divisible into two distinct parts ; a central axis, hard and brittle, which is the 
part used in commerce ; and a soft covering or epidermis, which easily yields to the nail when 
&esh, but is friable when dry. 

Coral of various kinds is met with in shops, and sold under the names of “ white coral ’’(^Oculina 
[Madrepora] virginea), “ brainstone coral ” (Mendrina cerdiriformis), “ black coral ” (ff. Antipathes), and 
“organ-pipe coral” (^Tuhipora musica), named &om the arrangement of its cylindrical dark-crimson 
tubes. Occasionally “ red coral ” is found without any colouring matter. Black coral takes a fine 
polish, and is fashioned into beads, and month-pieces for cigars. The doll white is not quite so 
hard, and not polishing well, is sold cheaper. It is often deteriorated by being worm-eaten. 

Coral has the hardness and brilliancy of agate ; it polishes like gems, and shines like garnet, 
with the tints of the ruby. The larger branches are used for carving. Large, perfect, well-shaped 
beads are by far the most valuable form of coral, and these have greatly increased in estimation of 
late years. Many of the finest are sent to China, while tons of what may be called “ worm-eaten” 
beads, which would not find favour in Europe, go to India, where they are esteemed. 

Much of the coral is wasted in the process of conversion into uniform well-sh^ed beads, and 
this, of course, adds greatly to the cost. The manufacturing processes consist of three different 
operations — cutting, piercing, and rounding ; these are principally executed by the females of the 
Val dn Bisagno, in Italy. 

The principal commercial varieties of coral distinguished are : — red, subdivided into deep- 
crimson red, pale-red, and vermilion (rare) ; black ; clear-white ; and dull-white (most common). 
The delicate rose or fiesb-coloured, which is the most prized, is sold at very high prices, as it is 
entirely a fancy article. Red coral is sometimes classified into twelve shades, besides white and 
pink ; sometimes into five eonunercial grades : — (1) froth of blood ; (2) flower of blood ; (3, 4, 5) 
blood of first, second, end third qualities. 

Coral is valued according to its bulk, colour, soundness, and &eedom from defects. Certain rare 
kinds, of pale tints, are worth twenty times their weight in pure gold. The ornamental applications 
of coral are very varied. 

AU corals possess a certain industrial value as sources of lime for building and manurial 
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purposes ; but the red or precious sort (fiordUium rvbrum) is the only one forming an important 
article of commerce, and to it the following remarks apply. 

The localities affording it are the N.-E. and S. shores of the Mediterranean, the coasts of the 
chief islands in that sea, and a portion of the E. shore of the Adriatic. It usually lies at 2-10 
miles from the land, and in water of 30-130 fathoms, finding its most favourable conditions in 80 
fathoms. It is said to attain greater perfection in the E. than in the S., and to he rarely found in 
a W. and never in a N. aspect. It occurs attached to rocks embedded in a muddy sea-bottpm, 
where it fiourishes better than in clear or sandy beds. 

The headquarters of the Italian coral-fishery are ; Erom the island of Elba to the coast of the 
mainland by Cecina and Spezia ; the so-called secche corailere grounds in the Bay of Naples ; Nice ; 
the Sorrent peninsula ; near Nisida and Cape Miseno, E. of the island of Ischia : both coasts of 
Calabria ; the islands between Sicily and Calabria ; near Sciacca, and the island of Pantellaria ; 
the Tizzano ground between Corsica and Sardinia; around Sardinia the grounds of Alghero, Longo 
Sardo, Bosa, Castelsardo, Isola di S. Pietro, S. Antioco, Maddalena and Caprera, from the Straits of 
Bonifacio, along the Corsican coast to Cape Corso ; thence into French territory, from the Hes de 
Hyeres to Cape Coturonne ; in the Gulf of Bosas and on the banks of Cape Tarsuela di Mongril, to 
the limit of the gulf in Catalonia. The Italian coral-fleet in 1869 numbered 200 large and 260 
small boats, the crews were a total of 4000, and the yield was 160,000 Ulo. of coral, valued at 
9,600,000 lire (of 9J(/.). Since then, the industry has much increased, if the statement be true that 
during last year (1880) some 500 boats from Torre del Greco alone were on the Sciacca bank, 
besides an equal number from four other ports. The annual value of the Sardinian coral is esti- 
mated at 60,0001., giving a profit of 13,0001. ; the exports are 200,000-250,090 lb. a year. The 
fishery lasts from March till October. 

The barks employed are stout craft, rigged with a great lateen sail and a jib or stay-sail. The 
apparatus, or “ engine,” as it is called, for detaching the coral from the rocks and hauling it aboard, 
consists of a huge wooden cross, heavily weighted, and furnished with numerous, sack-like, meshed 
lines. This implement is thrown overboard in likely spots, trailed astern, and drawn up by means 
of a capstan. Diving-bells and vessels suited for submarine navigation have been proposed and 
tried as substitutes for this crude fashion, but have not come into use. A large boat may collect 
650-850 lb. of coral in a season. 

It bas been estimated that the Sciacca bank yielded, between the Ist June and 31st August 
1875, 264,000 lb. of coral, which sold for at least 92,4001. The bank was said to be 550 yd. long 
and about 30 yd. thick. Statistics concerning the Italian coral industry, published in 1871, gave 
the number of boats as 300 from Torre del Greco, 60 from Leghorn, and 100 from Liguria and 
Sardinia ; the number of persons employed, 6000 ; the catch for each boat necessary to defray all 
cost, 200 kilo, at an average value of 48s., or 480/. ; and the receipts of coral at Italian ports, 160,000 
&7o., value 380,000/. The Alghero banks in 1873 employed 239 boats, which gathered 25,384 kilo. 
of red coral, and 9536 of white, total value, 160,080/. ; in 1874, 159 boats took 12,260 kilo, of red and 
6758 of white, total value, 93,960/. The Cagliari fishery occupied 180 boats in 1875, whose take 
was estimated at below 1,000,000 fr. 

The coral-fisheries of Austro-Hungary are exclusively on the coast of Dalmatia, the island of 
Zlasin being the centre. Each boat obtains some 80-100 lb. yearly, the total value being placed at 
6000-10,000 florins (of 2s.). The pale-red and very thick Dalmatian coral is much esteemed. 

Spanish fishermen collect annually about 25,000 lb. of coral, worth 20,000/., around the Cape 
Verde Islands. 

The coral-banks on the Algerian coast lie in a depth of 12J-100 fathoms, in the neighbourhood 
of La Calle, the Gulf of Bona, Cap de Fer, DjidjeUy, Bougie, Cape Mutifu, Tenes, Cape Ferrat, 
Cape Falcon, Habibas Island, and Cape Figalo. About of the boats engaged are Italian ; they 
are stout sailing-craft of 6-14 tons, with a crew of 10-12, while smaller boats with 4-6 hands work 
the coast-fisheries. The total number of boats in the years 1868-76 varied between 202 and 388. 
Foreign vessels pay 800 fr. for a licence to fish, except Italian, which pay only 40 fr. The yearly 
product is stated by the fishermen at 30,000-40,000 kilo.; and the total value of the Algerian and 
Tunisian fisheries is computed at 2,500,000 fr. annually. The value of the Algerian exports is 
placed at 80,000/. per annum; the quantity in 1878 was 34,288 kao., in 1879, 17,876 kilo., value 
536,280 fr. Each reef is divided into tenths, one of which is worked in a year; thus a period of 10 
years intervenes between the harvests from the same spot. On the coast of Tunis, between Biserte 
and Tabarqne, are annually obtained some 25 metric quintals (of 1-96 cwt.) of coral, varying in 
value from 80 to 90 fr. a kilo. The ground is worked chiefly by Italian and Greek boats, and the 
product is taken to Torre del Greco and Livorno. 

The coral of the Bed Sea is not of the valuable kind. A rich bank is said to have been 
discovered on the Japanese coast, whose product possesses the peculiarity of being white in the 
centre and at all the lateral points ; but it is apt to scale or break off. 

In the N. African fisheries, coral is divided ihtothe following classes:- (a) “Dead” or “rotten,” 
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including the roots adhering to the rock, and covered with vegetable and mineral incrustations, 
worth 5-20 fr. a kilo. ; (b) “ black,” which gives a polished bla ck surface, suited for mourning 
jewellery, and fetches 12-15 fr. a iilo . ; (c) “ in case,” or coral which has been assorted and cleaned 
when taken from the sea, consisting of branches of all sizes, and worth 45-70/r. a iito.; (d)“choice,” 
or finest, selected, large branches, valued at 400-500 fr. a Mo. 

The imports of coral into the United Kingdom in 1870 (the latest specific Eeturn) were : — 1600 lb. 
of “ fragments,” 418 lb. of “ whole,” 652 lb. of “ neglige'es" and 958 lb. of “ beads,” the total being 
3628 lb., valne 14,878/. ; the figures fluctuate immensely, having been 8106 lb. in 1868, 1087 lb. 
in 1863, and 16,385 lb. in 1861. These statements take no account of the quantities of valuable 
coral brought in passengers’ luggage. In the 10 years ending 1876, France imported 21,596 kilo, of 
rough coral, value, 1,890,356 fr., and 14,553 iilo. of worked, unmounted coral, value 5,078,062 /r. 
British India, in 1879, imported 79,643 lb. of real coral, value 81,862/. Qnantities are exported 
from India into Thibet, in pierced grains of round or oval form, the darkest colours being most 
esteemed. China imports various kinds from Singapore, Sumatra, and the Samar Islands, black 
being preferred. 

An imitation of coral for ornamental work may be made by dipping twigs in a mixture composed 
of 4 parts of rosin, 3 of bees-wax, and 2 of vermilion, melted together. 

The London market value of coral fluctuates very widely. The finest rose-pink specimens range 
between 80/. and 120/. an oz. ; small pieces of ordinary red are worth about 21. an oz. ; while small 
fragments (eollette) for necklaces bring about 5s. an oz. 

Bibliography. — K. Mobius, ‘ Die echten Perlen ’ (Hamburg : 1857) ; T. von Hessling, ‘ Die 
Perlmuschel und ihre Perlen ’ (Leipzig ; 1 859) ; H. Lacaze-Duthier, ‘ Histoire naturelle du Corail ’ 
(Paris : 1864) ; C. K. Markham, ‘ The Tinnevelly Pearl Fishery ’ (Jour. Soc. Arts, Vol. xv.. No. 747, 
Loud. : 1867) ; P. L. Simmonds, ‘ Commercial Products of the Sea ’ (Lond. : 1879) ; M. Lindeman, 

‘ Die Seefischereien ’ (Gotha : 1880). (See also Gems). 

PERFUMES (Fb., Parfums ; Geb., Wohlgeriiche, DUfte). 

The term “ perfumes ” is applied to those substances emitting an agreeable odour which aroused 
about the person, the dress, and the dwelling. Besides the gratification of the senses derived from 
the employment of perfumes, many of the latter are credited with actual disinfecting properties, and 
are therefore valuable from a hygienic point of view. All the essential oils of plants are more or 
less powerfully antiseptic, and the culture of strongly fragrant flowers is recommended as a means 
of counteracting the miasma of undrained swamps. 

Perfumes may be divided into two main classes — crude and prepared. Crude perfumes comprise 
the aromatic substances derived from the animal and vegetable kingdoms. Animal perfumes occur 
almost exclusively as glandular secretions, and enter into commerce in their natural state. 
Vegetable perfumes are mostly extracted from the flowers or herbs as essential oils, which are 
described on pp, 1415-33. Some few plant-odours have the form of balsams, and will be noticed in 
the article on Kesinous Substances. The crude perfumes remaining for description in the present 
article are those of animal origin, and the few aromatic woods, roots, and fruits which are traded 
and used in their original condition. Prepared perfumes embrace the numerous extracts or 
essences, pastilles and ribbons, incenses and satchet powders, waters and vinegars, and nosegays or 
bouquets. 

CRUDE PERFUMES. 

Acorus Calamus.— See p. 190. 

Agar, Agila, Akyaw, Calambak, Eagle-wood, Eayugaru, or Lignum-aloes. — 
This curious product is obtained chiefly from the Mergui Archipelago, also from the Islands in the 
Gulf of Cambodia, and from Sumatra. It has been described as consisting of lumps of consolidated 
aromatic resin, found embedded in the trunk of certain trees, but should rather be considered 
as diseased wood whose tissues are impregnated with the resin. The latter is found in all parts of 
the trunk, most frequently in the alburnum or sap-wood, but only where decay has followed inten- 
tional or accidental injury. This leads to the inference that the supply might be regulated and 
increased by a systematic wounding of the trees ; it would also appear that the resin is a product of 
the oxidation of the essential oil contained in the wood, which circumstance might be availed of to 
artificially augment the yield. Botanists consider it to be produced only by Aquilaria Agallochum, but 
native collectors in Burma state that it is furnished by two kinds of tree, though the substance does 
not differ. It occurs in very small quantity, and is altogether absent from 19 trees out of 20 ; the 
wood-cutters often destroy several trees before finding a particle of it, and it is estimated that some 
8000 trees are yearly cut down in the Mergui Archipelago. This is rapidly causing the extermination 
of the species in those islands, and has led to its attempted cultivation in S. Tenasserim, where 
200 seedlings have been planted out. The greater part of the article collected is sent to China, via 
Penang and Singapore, small pieces being used for torches, incense, and medicine. The wood is 
also cut into fragments, placed in water in a copper vessel, and boiled ; from this decoction, the 
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peif^e is distilled, and is known as “sgar-attar;" it is exported firom Bwnm to Calcntta, for 
despatch to Arabia and Turkey, and is in high esteem thronghont the East. The test of the 
quality of the resinous compound is that it should melt in the fire like wax, meantime emitting an 
agreeable odour. The approximate local values per picul (of 133^ lb.) are : — 1st quality (Sumatra), 
401. 16s. 8d. ; 2nd quality (Malacca), 251. 10«. : 3rd quality (Malacca), 31. 2s. fid. 

Ambergris (Fb., Ambre grit; 6bb., Amber, Ambrd). — Ambergris is probably a biliaj^ 
calculus, or mass of undigested and biliary matters, obtained from the stomach of the spermaceti- 
whale {Physeter macrocephalus), and possibly some other species. It is generally found, after haying 
been ejected by the animal, floating on the surface of the sea. Its presence in the animal is said to 
be always an accompaniment (either cause or effect) of disease. It occurs in amorphous masses, 
usually only a few oz. in weight, yet concretions weighing 150-300 lb. have been found. Its 
general colour is greyish-white, with bands of brown or black, as if marking the addition of layers. 
It has a waxy texture, pungent, agreeable odour, and fatty flavour ; it is lighter than water, melts at 
60° (140° P.), dissolves readily in absolute alcohol, ether, and both fatty and essential oils ; it 
contains 85 per cent, of an aromatic substance called “ ambreine,” extracted by digesticm with 
alcohol of O' 827 sp. gr., filtering the solution, and leaving it to spontaneous evaporation; the 
ambreine then forms delicate white tufts, converted into ambreic acid by the action of nitric acid. 
Ambergris is sought after in all the fisheries frequented by the sperm-whale (see Spermaceti, 
p. 1371). Formerly considerable pieces have been found on the W. coast of Ireland — Sligo, Mayo, 
Kerry, and Isle of Arran. The exports of ambergris from Morocco are extensive, the supply 
being contributed by whales cast up on the W. coast. The exports were 27 lb., value 600Z., in 
1868 : 65 lb., 1300f., in 1869 : 100 lb., 2000Z., in 1870 ; and 18 lb., 3601., in 1873. It is occasionally 
found on the coasts of some of the Bahamas ; the values of the shipments thence were lOZ. in 1875, IIZ. 
in 1877, 1014Z. in 1878, and 737Z. in 1879. In 1869, France imported more than 7000Z. worth of 
ambergris from Madagascar and Mayotte. The American whale-fisheries produced 15 lb., value 
1454/., in 1876 ; 132 lb., 21,000/., in 1878 ; and 81 lb., 8781/., in 1879. Ambergris is valued 
in perfumery less for its own fragrance than for the permanence it gives to compounds into which it 
enters, by reason of its slight volatility, insolubility in weak alkaline lyes, and slow decomposition. 

Castor. — Castor or castoreum has been noticed under Drugs (see p. 798), as it possesses almost 
as great importance in medicine as in perfumery. Two or three kinds are distinguished, differing 
considerably in chemical composition and in odour. The Canadian has the weaker odour, 
resembling that of old willow-bark ; the Siberian or European is much stronger, and recalls that of 
birch-oil. The pear-shaped sac occurs the most frequently, especially in Canadian. Egg-shaped 
sacs are suspected by the buyer as contain ing more carbonate of lime. Adulteration may be 
detected by dividing the sac, either by breaking or cutting, when the membranes become visible if 
it is genuine. The main commercial distinction lies between the Bnssian (Siberian) and Canadian 
(American), the Bavarian being considered nearly equal to Bnssian. In a dry state, castor 
manifests little odour, but it is developed remarkably by infusion in spirit. It is used in perfumery 
to give permanency to other odours, being rarely esteemed itself. The Hudson’s Bay Co. import 
some 1000-5060 lb. yearly. 

Civet (Fb., Cicette; Geb., Zibeth). — Civet is another of the odorous animal secretions con- 
tained in glandular receptacles near the genital organs. The true civet cat (^Viverra Civetid) 
inhabits portions of the African continent, from Guinea and Senegal to Abyssinia. The Asistio 
species is F. Zibetha, which is found in many parts of India, the Moluccas, and other island groups. 
V. Sasse is peculiar to Java, where its perfume is largely made use o£ In the Moluccas, Wallace 
found F. tangalunga, inhabiting both Batchian and Bourn, and probably some of the other islands. 
He supposes it to have been introduced accidentally, as it is often captured by the Malays, who 
procure civet from it, and it is a restless and untamable animal likely to escape. The same qiecies 
is common in the Philippines, and in all the large islands of the Indo-Malay region. Formerly 
numbers of F. Civetta were kept in confinement at Amsterdam ; and a similar collection of F. Zibetha 
is, or was, maintained at Travancore. The aromatic secretion was removed from the pouch hy a 
little spoon about twice weekly, the animal being meanwhile confined in a crib. About 1 dr. was 
obtained at a time. Flesh, but particularly fish, is the favourite food in confinement. The 
secretion of F. Zibetha, which is the chief kind in British commerce, is prepared for market by 
spreading on leaves of the pepper-vine, to free it from loose hairs. Civet, when good, has a clear 
yellowish or brownish colour, and a buttery consistence ; it is frequently adulterated with hutter 
and lard. Its undiluted odour is repugnant, but in infinitesimal proportion it is agreeable. 
Macerated in spirit, it is used chiefly as a fixing ingredient of compound scents, more largely in 
France than in England, where musk is preferred. The fragrant secretions of the genet or Spanish 
cat ( F. Genettd) and of F. pallida do not seem to have been utilized. 

Kiiskb (Fb., Muse, Graine dambrette ; Geb., Moschus, HizaTtCj, — ^In common usage, the term 
“ musk” is applied in compound names to a number of products of both animals and vegetahles. 
Foremost is the musk-deer (_Moschus moschatus'), which will be described at length in this article. 
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The musk-ox (Otns moschattis) affords a Taluable shin (see BkinaX bnt its odour is not utilized. The 
musk-rat or musquash (^Fiber zibetUcus) is provided with preputial follicles containing a substance 
of musk-like odour, but is valued only for its pelt (see Pur, p. 1032). The musk-rat of India 
(Sorex indicus) diffuses a most powerful odour of musk, as also does the pilori of the Antilles. 
Several Brazilian monkeys are said to emit an odour of musk. The alligator of Central America 
carries an odoriferous substance in the axillary glands and under the jaw, which, 200 years ago, 
was extracted and used as a perfume. The musk-glands of the crocodile are similarly utilized by 
the natives of some parts of Africa. In W. Australia, the aborigines obtain musk from the musk- 
duck (^Biziura lobata). Several longicom beetles exhale a musky odour, notably the British musk- 
beetle (Callichroma moschatd) ; and somewhat similar perfumes pervade some species of Cerarnbyx. 
The most recent addition to animal musks, or substitutes for musk, has been made by Dr. 
Bertherand, in the droppings of the gazelle (GazeUa Dorcas), common in the Sahara. The dried 
excrement is said to yield to rectified spirit 7 per cent, of a mixture containing a resinous musk-like 
principle, benzoic acid, a biliary acid, and colouring matter. 

Among vegetable musks, may be mentioned the musk-plant proper ( Jfimuius moschatus), common 
in window-culture. The musk-wood of the Guianas and W. Indies (Guarea tricAilioides, and other 
species) smeUs strongly of musk, the odour being greatest in the bark, which may be used as a 
perfume. Musk-like fragrance is also exhibited by Erodium moschatum, by the sumbul or musk- 
root (see Drugs, p. 826), by the spikenard of the ancients (Nardostachys Jdtamansi), by the tuberous 
moschatel (Adoxa Moschatellina), by the silver-leaved musk-tree of Tasmania (Eurybia argophylla), 
by the musk-wood of Jamaica (^Moschoxylum Sicartzii, and Guarea spp.), and finally by the seeds of 
Hibiscus Abelmoschus, which plant is better known perhaps for its fibre (see p. 962). This last kind 
is known as musk-seed, and is commercially valuable as a perfume. The plant is cultivated in 
Martinique, whence its seed is largely exported to France as ambrette or grains d’airibrette. It is 
occasionally imported into London, and fetches about 4s. a lb. 

Despite the large number of products capable of affording more or less of a musk-like odour, 
the musk-deer remains the one important commercial source of the perfume. This little 
animal, scarcely larger than a greyhound, is an inhabitant of the Him&layan range. From the 
first high ridge above the plains, to the limit of forest on the Alpine range, and throughout 
probably the whole length of the Himalayan chain, this deer may be found on every forest-clad 
hill above 8000 ft. It inhabits all kinds of forest indiscriminately, from the oaks of the lower 
hills to the stunted bushes near the limit of vegetation, but exhibiting a preference for birch 
forests, where the underwood consists chiefly of juniper and white rhododendron. A variety of the 
musk-deer, if not the same animal, extends its range into the dry and desert region north of the 
Himfilayas. It is of common occurrence on the Tsanpu river in the neighbourhood of Lhasa, but 
only, it would seem, where the birch grows. It is abundant in Bhutan, and probably (according 
to B. Lydekker) ranges northward of that district over most of the open country up to Tibet, and 
thence across or round the Gobi desert into Siberia. 

The animal is noctmmal in its habits, and exceedingly shy and agile. In some districts, it is 
hunted down by dogs ; but it is much more commonly snared, by erecting a fence about 3 ft. high 
and 1 mile or more long, with openings at every 10-15 yd., provided with strong hempen snares, 
which catch the animat by the leg. Entrapped animals are sometimes destroyed by polecats and 
other vermin; in such cases, the musk -pod may be tom, and its contents scattered, but not 
devoured. The pod is found only in the males; and curiously enough, though their dung smells 
nearly as strongly as the musk itself, no such odour can be detected in the contents of the stomach 
and bladder, nor in any part of the body. The females are utterly devoid of odour. The pod is 
placed near the navel, between the flesh and skin, and is composed of several layers of thin skin, 
having much the appearance of a full craw of a gallinaceous bird. Its interior communicates 
with the outer air by means of an orifice that will admit the little finger by slight pressure, but 
it has no visible passage leading inwards. The musk is confined in this pod in grains of irregular 
roundish or ovoid shape, var3ring in size from small shot to a bullet, together with some coarse 
powder. Its colour when fresh is dark reddish-brown, becoming nearly black when removed and 
kept. In the cold season, the grains are firm, hard, and nearly dry; in hot weather, they 
become damp and soft. The pod is fully developed long before birth, indeed it is then dispro- 
portionately large. For two years, the contents remain as a soft, milky substance, of disagreeable 
odour. When first it becomes musk, its weight does not exceed u oz. ; it increases with the 
animal’s growth, and reaches 2 oz. in some individuals, bnt the average yield from a full-grown 
animal is 1 oz., and the proportion of immature animals killed will reduce the mean of commercial 
pods to J oz. The odour of the musk of young animals is less strong, but pleasanter than that of 
old ones. Differences in food, climate, and situation have not been found to affect the quality. 
Before the age of 3 years, the quantity is not suflScient to be worth extracting ; it is greatest during 
the rutting season. Occasionally the musk appears to bo discharged through the orifice in the pod, 
leaving the latter almost empty. The dealers also extract the grain musk by its means, and replace 
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it by various substances. The size of the orifice may thus indicate in some measure the degree of 
tampering undergone. 

The natives have two methods of preparing the pods. Usually they cut round the pod, and skin 
the whole belly immediately after the death of the animal. The pod comes away attached to ttie 
skin (not uuhaired), whicji is then spread on a heated stone, flesh-side do^wards, and thus dried 
without singeing the hair. Tlie skin shrivels with the heat, and is tied or stitched around the pod, 
and the whole is hung up in a dry place till quite hard. Sometimes the pod is put into hot oil, 
instead of being laid on a hot stone. The object in each case is to prevent the subsequent decom- 
position of the fleshy skin, but the musk cannot fail to suffer much depreciation by the treatment. 
The best plan is to cut the pod at once from the skin, and allow it to dry in the sun, which it does 
in a few hours. A substance commonly used by the natives for adulterating musk or filling sham 
pods is blood, boiled or baked, then dried, beaten to powder, kneaded into paste, and made into 
coarse and fine grains in imitation of the genuine article. Many other things are similarly used. 

Two forms of musk appear in commerce. “Musk in pod” is the material contained in its 
natural glandular receptacle ; “ musk in grain ” is the material removed from its natural position, 
and put into bags. The musk in pod varies in appearance, according to whether the pod has or 
has not been detached from the animal’s skin. Tlie three kinds of musk met with in the London 
market are (1) Touquin, Chinese, or Tibetan f (2) Assam ; (3) Kabardin (Cabardien) or Russian 
(Siberian). The first is packed in small chests encased with sheet lead, each chest containing 25 
paper packages ; it is the most highly prized, and most adulterated. The second is packed in bags, 
stowed into a wooden or tin-plate box, containing about 200 pods, which are of irregular form, and 
strong but rank odour. The third kind is much inferior, the pods being smaller, and the odour 
much weaker and less agreeable ; it is too poor to bear any adulteration. Recent exports of musk 
from Chinese ports, stated in piculs of 133 ^Ib., have been : — Canton, exports to foreign countries, 
0'84pic«?s in 1878, O' 63 in 1879; Hankow, exports and re-exports, 32'32yj pirafein 1878, 31 '95 in 
1879; Shanghae, total exports and re-exports, 39 '2011 picafo in 1879; Ichang, exports, 5 • 84 pictds 
in 1879. The exports of musk from British India were : — ^7403 oz., value 10,562i. in 1874-5 ; 
6267 oz., 11,782/., in 1875-6 ; 5020 oz., 11,726/., in 1876-7 ; 3115 oz., 7904/., in 1877-8 ; 3444 oz., 
6954/., in 1878-9. Tiie distribution of the export in 1878-9 was : — 2576 oz. to the United Kingdom, 
52 oz. to Malta, 540 oz. to Arabia, 70 oz. to Turkey in Asia, and 206 oz. to other countries. 

Musk is employed in perfumery mainly to give permanency to other odours. Its fragrance is 
much affected and even destroyed by some other bodies ; it is considerably altered by camphor and 
valerian, and is quite destroyed by bitter almonds and powdered ergot. 

No serious attempt seems to have been made to domesticate the musk-deer, nor to acclimatize it 
in other mountain regions. The young taken wild are rather difBcult to rear, many of them soon 
becoming blind, and dying. They eat very little as compared with other ruminants, and feed on 
various shrubs, grasses, mosses, and roots. Those met with in forest-clad country are much finer 
than those in open ground. 

Nag-Kassar . — The flowers of Galysaccion longifolium and Mesm ferrea, two nearly allied species, 
are often confounded, and both are collected and sold in the Indian bazars for their fragrance. The 
first species is a tree, plentiful in S.-W. India and in China ; its flower-buds, somewhat resembling 
cloves, are variously known as suriga, siirgiha, soohgee-hoo, and nag-iassar, the last being the name 
under which they have been imported to this country. The second species is much cultivated in 
Malabar and in Java. The name n ig-hassar is sometimes spelt naghas, nagasar, nagkesur^ or nag- 
kushur. The flowers of both species are largely used in native dyeing in India (see p. 864). 

Orange-flowers. — See Neroli-oil, p. 1425. 

Orange-zeste. — See Orange-oil, p. 1425. 

Orris-root (Fa., Sacine d’ Iris ; Geb., Teilchenwurzcl). — Orris-root is obtained from three species 
of Iris : (1) I. germanica, the common “ blue flag” of the gardens around London ; abundant near 
Florence and Lucca, ascending to the chestnut region, and found scattered throughout Central and 
S. Eiu-ope, and in Morocco and N. India. (2) I. pallida, with much more delicate blue flowers, 
growing wild in slony places in Istria, and plentiful in the olive-region about Lucca and Florence. 
(3) I. ^ore»/>na, bearing large white flowers, a native of the Macedonian coast and the S.-W. shores 
of the Black Sea, notably Hersek, in the Gulf of Ismid, and near Adolia, in Asia Minor ; and 
occurring naturalized in the vicinity of Lucca and Florence. The three species were imder 
cultivation in England at the end of the 16th century. They are all grown for their root in the 
country about Florence, being known to the peasants of Tuscany indiscriminately as giaggiolo. The 
cultivation is of secondary importance, the plants being placed on the edges of terraces, and on 
waste stony places contiguous to cultivated ground. The rhizomes are harvested in the autumn 
of every 3rd year. The plants are dug up early in the autumn, before commencing the next year’s 
growth ; the flags (leaves) are cut back, and each root is severed just below the base of the leaves. 
The head is then replanted, and grows vigorously. It flourishes best in poor soil, and receives no 
manure. The rhizomes are spread out to dry and ripen in the open air and sunshine, and are 
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peeled and trinuned. Some pieces are bleached by exposure to the fumes of burning sulphur, but 
such are not available for perfumery purposes. The prepared pieces are classified by the dealers 
into scelti and in sorte, and are brought into commerce entire, in fragments (frantumi), as parings 
(raspature), as powder (polvere), or manufactured into “ peas.” About Verona, the rhizomes of 
I. germanica (called giglio celeste or selvatico) are collected and brought into Tregnano and Illasi, dis- 
tinction being made between the selected long roots (radici dritta), the knotty roots (radice grappo) 
used for issue-peas, and the fragments (scartd) for perfumery. Some orris-root is exported from 
Botzen, in S. Tyrol. A sort which has been dried in its outer peel goes by the name of irisa in the 
Indian bazars, and appears occasionally in the London market ; it appears to be derived from 
I. germanica \nepalensis]i cultivated in Kashmir. A low quality of orris-root, the produce of I. ger- 
manica, is obtained from Morocco. The chief shipments of the root take place from Mogador, Trieste, 
and Leghorn. The first-named port in 1878 despatched 155 serons, value 410?., to Great Britain, 
and 27 serons, 65?., to France; total, 364 cwt., 475?. In 1876, the total was 834 cwt. France, in 
1870, imported a total of about 50 tons of orris-root. The powdered root is largely used in satehets, 
and its extract in bouquets. o 

Sandal-wood. (Fa., Bois de Santal citrm ; Geb., Weisses [gelbes] Sandelhoh). — The name “sandal- 
wood ” is applied to the aromatic heart-wood of several species of Santalmn. These are chiefly as 
follows: (1) S. album, a tree of 20-30 ft. in height and 18-36 in. in girth, indigenous to the hilly 
portions of the Indian peninsula, especially in Mysore, Coimbatore, and N. Canara ; found also in 
the E. Archipelago, particularly Sumba (Chandane or Sandal-wood Island), and Timor ; (2) S. Frey- 
cinetianum and S. paniculatum [pyridanam] in Hawaii (Sandwich Islands) ; (3) S. Yasi, in the Fiji 
(Viti) Islands ; (4) S. anstro-caledonicum, in New Caledonia ; (5) 8. spicatum \latifolium, cygnorum, 
Fasanus spicatns^, in W. Australia. The 8. lanceolatum of N. and E. Australia does not seem to 
afford a commercial article. The wood of 8. myrtifolium, in the Madras Presidency, is nearly 
inodorous. The island of Nossi-b^ on the N.-W. coast of Madagascar, is said to afford some sandal- 
wood. 

The most important of all these sources is the cultivated S. album of the Indian reserved forests. 
The tree occupies patches of a strip of country about 250 miles long, on the eastern slopes of the 
W. Ghats, just beyond the limits of the Mulnaad or rain-country, as well as a tract further east- 
ward, in the district of Salem and N. Arcot,-where it grows from sea-level to 3000 ft. The tree is 
commonly found in scrub-jungles, and even in open spots in some of the large deciduous fprests; 
but in the plain countries of Mysore, it mostly occurs in hedges and ditches, and on irrigation earth- 
works. It propagates itself by seeds and suckers, the latter springing up from the long creeping 
roots wherever these become exposed to the influence of the air, and sometimes developing iuto 
good trees at 15 yd. from the parent. It is easily raised from seed, even that which has been stored 
for months ; but transplanted seedlings generally fail. The plantations are now aU raised from seed. 
This should be collected in December-January, and be sown during the early rains in June ; 2-3 
seeds are dibbled in with 1 capsicum seed, which latter rapidly throws up a plantlet for the shade 
of the young sandal-trees, and possibly affords them some sustenance. Young sandal-plants flourish 
best in seed-beds where grass is allowed to grow, as tuber-like processes from their roots prey upon 
the other growth. Dry, red soils, overlying a stratum of gravel or quartz, are most suitable, the 
trees maturing in about 20 years ; white, strong soils produce trees of stunted growth, mature in 16 
years ; rich alluvial soils grow very fine trees, requiring 30-40 years to mature, hut such trees con- 
tain no heart-wood, and are valueless. The maturity of the tree is judged by certain appearances. 
When the heart-wood is fully formed, the leaves are narrow, and of a dull-green to yellowish-red 
tint ; the small termmal branches are withered, the bark is deeply wrinkled and often moss-grown, 
and the inner bark, when cut, shows a reddish or yellow instead of white colour. Decay rapidly 
sets in after the trees have matured. 

Mature trees are felled at the end of the year, the branches are lopped off, and the trunk is 
allowed to lie on the ground for several months, by which time, most of the valueless sap-wood will 
have been devoured by white ants. Tho heart-wood is then roughly adzed, and sawn into billets 
2-2J ft. long, for conveyance to the government forest depots. It is again trimmed with the adze, 
weighed, and classified according to quality. The chips obtained in the first and second trimmings 
are called respectively “ mixed ” and “ pure.” These, as well as the sawdust produced, and the roots 
of the tree, are subjected to distillation for the sake of their essential oil (see Oils, p. 1430). In Mysore, 
all sandal-wood trees are the property of the govermnent ; the annual exports (shipped from Man- 
galore) are about 700 tons, value 27,000?. In Madras, the culture is free, but is almost entirely 
restricted to the reserved forests, which produced 15,329 maunds (547i tons) in 1872-3. 

The Indian species grows sparingly in the mountains of Timor, and many of the other islands 
of the E. Archipelago. The heart-wood is brought down in small logs to Dilli, chiefly for export 
to China, where it is reckoned only J-i as valuable as Indian. 

W. Australia less than 20 years since exported great quantities of sandal-wood to China. The 
trees were cut and trimmed in the bush, some 100-150 miles from the ports (Perth or Guildford) ; 



1528 


PERFUMES. 


but indiscriminate destrnction soon extenninaied the trees ftom accessible regions. The 47,904 owt. 
of sandal-wood imported into Singapore from Anstralia in 1872, for re-shipment to China, was 
probably mainly of Pacific Islands’ production, possibly some portion also from Queensland. 

The headquarters of the sandal-wood trees in the Pacific Islands would appear to hare been in 
the S.-W. portion, including New Caledonia, the Loyalty Islands, New Hebrides, Espirito Santo, 
and some others. Several thousand tons of the wood were shipped at one time; but the tree has 
now been exterminated from all the well-known islands, with the exception of New Caledonia, 
where it is under cultivation. 

Sandal-wood is little known in Western commerce, but is one of the most important perfumes of 
the East, where it is chiefly burnt as incense in religious rites. Bombay yearly imports some 
650 tons and exports about 400 tons. The chief market for sandal-wood is China, whose imports 
(inptCMis of 133J lb.) have recently been as follows: — Chinkiang, 30,818 piculs in 1877, 23,719 in 
1878, 25,597 in 1879 : Hankow, 15,582} piculs, 40,320/., in 1879 ; EiuMang, 4378 piculs in 1877, 
3451 in 1878, 4108 in 1879; Ningpo, 795ptc«& in 1877, 963 in 1878, 1073 in 1879; Shanghae, 
48,325 priculs firom foreign countries, and 28,219 from Hong Kong and Chinese ports, in’ 1879 ; 
Taiwan, 322}pic«/s in 1879; Wuhu, 5515pta</s in 1877, 5319} in 1878, 7161 in 1879. 

Tonquin-, Tonka-, or Tonga-beans. — ^Tonquin or gayac beans are the fragrant seeds of 
Dipterix [Caumarouna\ odorata, a tall tree of Venezuela, the Guianas, and some neighbouring locali- 
ties, growing best in loamy soil, and easily raised from cuttings. The beans are used whole for 
perfuming wardrobes, ground for satchet-powders, and in the form of extract. The odoriferous 
principle, coumarine, is common to the May grass (Anthoxanthum odoratum) ; to the melilot (^Melilotus 
cceruleus), the zieger-krmt (“ curd-herb ”) of Switzerland, whose dried and powdered flowers, worked 
up with the curd, give the peculiar odour and flavour to Schabzieger (Chapziger) cheese ; to the 
Faham tea-plant of the Mauritius (^Angreeeum fragrans'); and to the common sweet woodruff 
(Asperula odorata). It acts powerfully upon the brain, and is probably the source of “ hay-fever.” 
Tonquin-beans are received in much smaller quantity into this country than into the United States. 
The exports from the ports of Ciudad Bolivar, in Venezuela, to New York, were 33,083| lb. in 1878, 
and 133,046| lb. in 1879. 

Vanilla. — The seed-pods of the vanilla-plant possess an agreeable odour, which is prepared 
from them by extracting with rectified spirit, and used in the manufacture of compound scents. The 
pods possess much greater industrial importance as a flavouring ingredient, and their production 
and commerce will therefore be described at length under Spices. 

PSEPASED PERFUMES. 

Extracts or Essences. — The simplest form of prepared perfume is the extract or essence, 
consisting of a solution of the principle in rectified alcohol. Some are mere artificial compounds, 
imitating the odour of the substance whose name they bear. The chief extracts are prepared as 
follows : — 

Ambergris. — (a) Ambergris, 3 oz. ; alcohol, 1 gal. 

(b) Ambergris-extract, 1 pint ; triple rose and musk extracts, each } pint ; vanilla-extract, 
2 oz. 

Cedar.— Cedar-oU, 1 oz. ; alcohol, 4 pint ; triple rose extract, } pint. 

Ctvet. — Civet, 1 oz. ; orris-root, 1 oz. ; rubbed up in a mortar, and dissolved in 1 gal. alcohol. 

'f Eglantine or Sxeet-briar (imitation).— French rose-pomatum extract, 1 pint; cassie-extract, 
} pint ; orange-flower extract, } pint ; rose-extract, } pint ; neroli-oil, } dr. ; lemon-grass-oil, } dr. 

He/io/r:^ (unitation). Vanilla-extract, } pint; French rose-pomatum extract, } pint; orange- 
flower pomatum extract, 2 oz. ; ambergris-extract, 1 oz. ; almond-oil, 5 drops. 

Honeysuckle (imitation).— Eose-pomatum extract, 1 pint ; violet-extract, 1 pint ; tuberose-extract, 
1 pint ; vaniUa-extract, } pint ; telu-extract, } pint ; neroli-oil, 1 0 drops ; almond-oil, 5 drops. 

Hooenia (imitation).— Dissolve } oz. lemon-oil, 1 dr. rose-oil, } dr. clove-oil, 10 drops neroli-oil, 
in 1 qt. alcohol, and add } pint rose-water. 

Ilang-Uang. — Bang-oil, 6 oz. ; alcohol, 1 gal. (See also p. 1530). 

Jonquil . — Jonquil-pomade, 8 lb. ; alcohol, 1 gal. 

JonjuiV (imitation). —Jasmine-pomade extract,! pint; tuberose extract, 1 pint; orange-flower 
extract, } pint ; vanilla-extract, 2 fl. oz. 

Lavender. — Lavender-oU, 6 oz. ; alcohol, 1 gal. 

Lavender (Smyths’).— Lavender-oil, 4 oz.; alcohol, 5 pints ; rose-water, 1 pint; distil to 5 pints. 

Lilac (imitation). ^Tuberose-pomade extract, 1 pint ; orange-flower pomade extract, } pint ; 
almond-oil, 3 drops ; civet-extract, } oz. 

LUy-of-the- Valley (imitation).— Va^a-extract, 3 oz.; orange-flower extract, 2 oz.; jasmine- 
extract, 1 oz. ; tuberose-extract, 1 pint ; cassie-extract, } pint ; rose-extract, } pint ; almond-oil, 
3 drops. 
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Lime-blossom (imitation). — ^Agar-attar (lignaloe-oil), 1 oz. ; extracts of triple rose, jasmine, and 
orris, each | pint ; alcohol, 2 pints. 

Lignaloe {Agar). — Lignaloe-oU, 3 oz. ; triple rose extract, 2 pints ; jasmine-extract, 2 pints ; 
tuberose-extract, 2 pints ; orris-extract, 1 pint ; Tanilla-extiact, 1 pint. 

Magnolia (imitation). — Almond-oil, 10 drops; citron-zeste, 3 dr. ; orange-flower pomade extract, 

1 pint ; tnberose-pomade extract, J pint ; rose-pomade extract, 2 pints ; Tiolet-pomade extract, 
i pint. 

Musk. — (a) Grain musk, 2 oz. ; alcohol, 1 gaL 

(6) Musk-extract, 1 pint ; ambergris-extract, J pint ; triple rose extract, J pint. 

Myrtle (imitation). — ^Bose-extract, 1 pint ; vanilla-extract, i pint ; orange-flower extract, J pint ; 
tuberose-extract, J pint ; jasmine-extract, 2 oz. 

Narcissus (imitation). — Tuberose-extract, 3 pints ; jonquil-extract, 2 pints ; toln-extract, J pint ; 
storax-extract, J pint. 

Orange-flower or Neroli. — Orange-flowers, 4 oz. ; alcohol, 1 gal. 

Orris.— Crushed orris-root, 7 lb. ; alcohol, 1 gal. 

Patchouli. — Patchouli-oil, 1 J oz. ; rose-oil, J oz. ; alcohol, 1 gal. 

Pea [Nicest-] (imitation). — Tuberose, orange-flower, and rose-pomatum extracts, each J pint ; 
vanilla-extract, 1 oz. 

Pink [CTore-] (imitation). — Bose-extract, J pint; orange-flower and cassie extracts, each i pint; 
vanilla-extract, 2 oz. ; clove-oil, 10 drops. 

Pose {Chinese Tellow'\. — Triple rose and tuberose extracts, each 2 pints; tonqnin and verbena 
extracts, each J pint. 

Sose [Jfoss]. — French rose-pomade extract, 1 qt. ; triple rose and orange-flower extracts, each 
1 pint ; ambergris-extract, J pint ; musk-extract, 4 oz. 

Rose [Tea]. — Bose-pomade, triple rose, and rose-leaf geranium extracts, each 1 pint ; sandal-wood 
extract, J pint ; orange-flower and orris extracts, each i pint 

Rose [Triple]. — Bose-oU, 3 oz. ; alcohol, 1 gal. 

Rose [Twin]. — Bose-pomade, 8 Ib. ; French rose-oil, 1^ oz. ; alcohol, 1 gal. 

Bose [ Whits']. — Bose-pomade, triple rose, and violet extracts, each 1 qt. ; jasmine-extract, 1 pint ; 
patchouli-extract, | pint. 

Sandal-wood. — SaQdal-\^ood-oil, 3 oz. ; rose-extract, 1 pint ; alcohol, 7 pints. 

Tolu-balsam. — ^Toltt-balsam, J lb. ; alcohol, 1 gal. 

Tonquin. — Tonquin-beans, 1 lb. ; alcohol, 1 gal. 

Tu6erose.— Tuberose-pomade, 8 lb. ; alcohol, 1 gal. 

'Vanilla. — Vanilla-pods, J lb. ; alcohol, 1 gal. 

Verbena (imitation).— (a) Lemon-peel-oil, 2 oz. ; orange-peel-oil, J oz. ; lemon-grass-oil, 3 dr. ; 
alcohol, 1 pint 

(5) Orange-flower and tuberose extracts, each 7 oz. ; lemon-peel-oil, 2 oz. ; orange-peel-oil, 

1 oz. ; lemon-grass-oil, 2J dr. ; dtron-zeste, 1 dr. ; rose-extract, § pint ; alcohol, 1 pint 

Fiofet (imitation). — Cassie-pomade extract, 1 pint; rose-pomade, tuberose-pomade, and orris 
extracts, each J pint ; almond-oil, 3 drops. 

Vitivert or Kuskus. — (a) Dried and chopped vitivert, 4 lb. ; alcohol, 1 gal. 

(6) Vitivert-oil, 2 oz. ; alcohol, 1 gal. 

Volkatneria (imitation). — Violet and tuberose extracts, each 1 pint ; rose extract, J pint ; jasmine- 
extract, i pint ; musk-extract, 2 oz. 

Wallflower (imitation). — Bose and orange-flower extracts, each 1 pint ; vanilla, orris, and cassie 
extracts, each ^ pint ; almond-oil, 5 drops. 

WVnferjreen.— Eose-extraot, 1 pint ; orange-flower and cassie extracts, each J pint ; lavender, 
vanilla, and vitivert extracts, each J pint ; wintergreen-oil, 5 drops. 

Incenses and Pastilles. — ^These names are applied to compositions which perfume by 
fumigation, i. e. emit their odour by undergoing slow and incomplete combustion. The following 
are the chief recipes for their preparation ; — 

Bruges Ribbon. — Mix J pint orris-extract, J lb. gum benzoin, and f oz. gum myrrh, in one bottle ; 
and J pint alcohol, } oz. pod musk, and 1 dr. rose-oil, in another. Let stand 1 month. Steep 
undress^ cotton tape in a solution of I oz. nitrate of potash in 1 pint hot rose-water ; dry it ; 
filter and mix the contents of the two bottles, steep the ribbon, and dry it. 

Incense-powder. — 1 lb. powdered sandal-wood, J lb. each powdered cascarilla-bark and gum- 
benzoin, 2 oz. each vitivert and nitrate of potash, and i dr. grain musk, well sifted together. 

Perfumers' Pastilles. — Wood-charcoal, 1 lb. ; gum benzoin, f lb. ; tolu balsam, vanilla-pods, and 
cloves, each J lb. ; sandal-wood- and neroli-oils, each 2 dr. ; nitrate of potash, IJ oz. in gum traga- 
canth as before. 

Piesse’s Pastilles. — Willow-charcoal, i lb. ; benzoic acid, 6 oz. ; thyme-, caraway-, rose-, lavender-, 
clove- and sandal-wood-oils, each i dr. ; grain musk, 1 dr. ; civet, J dr. ; before mixing, | oz. nitrate ol 
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potash is dissolved in J pint rose-water ; the charcoal is thoroughly wetted with this solution, then 
dried : the mixed oils are poured over it, and the benzoic acid is stirred in ; the whole is well 
mixed, and then beaten up with a gum mucilage. 

Seraglio Pastilles. — Gum benzoin, 60 gr. ; poplar-charcoal, 190 gr. ; sandal-wood, 15 gr. ; tolu 
balsam, 8 gr. ; laudanum, 4 gr. ; nitrate of potash, 8 gr. ; mucilage of gum tragacanth, 9| gr. 

Yellow or Indian Pastilles. — Powder and mix by sifting 1 lb. sandal-wood, IJ lb. gum benzoin, 
and J lb. tolu balsam ; add 3 dr. each of sandal-wood-, cassie-, and clove-oils ; then IJ oz. nitrate 
of potash, dissolved in enough mucilage of gum tragacanth to make a stiff paste of the 
whole. 

Ifosegays or Bouquets. — By far the greatest part of the scent consumed is in this form, 
being, as the names indicate, mixtures of a number of odoriferous extracts. The principal recipes 
are as follows : — 

Alhambra. — Tuberose-extract, 1 pint; geranium-extract, J pint; acacia-, civet-, and orange- 
flower extracts, each J pint. 

d" Amour. — ^Pomade-extracts of rose, jasmine, violet, and cassie, each 1 pint; musk- and amber- 
gris-extracts, each i pint. 

- (fAndorre. — ^Pomade-extracts of rose, jasmine, violet, and tuberose, each 1 pint ; orris-extract, 
1 pint ; geranium-oil, i oz. 

Bosphorus. — Acacia-extract, 1 pint ; triple rose, jasmine, tuberose, and orange-flower extracts, 
each J pint ; civet-extract, J pint ; almond-oil, 10 drops. 

Buckingham Palace. — Pomade-extracts of rose, jasmine, cassie, and orange-flower, each 1 pint ; 
ambergris- and orris-extracts, each | pint; rose-oil, 1 dr. ; neroli- and lavender-oils, each J dr. 

Caroline or des Delices. — Pomade-extracts of rose, violet, and tuberose, each 1 pint ; ambergris- 
and orris-extracts, each i pint ; citron-zeste, J oz. ; bergamot-oil, J oz. 

Court. — Eose-, violet-, triple rose-, and jasmine-extracts, each 1 pint ; ambergris- and musk, 
extracts, each 1 oz. ; citron-zeste and bergamot-oU, each J oz. ; neroli-oil, 1 dr. 

Eugenie. — Geranium-, triple rose-, and sandal-wood-extracts, each § pint; musk-, vanilla-, 
neroli-, and tonquin-bean extracts, each i pint. 

Ess. — Triple rose-extract, 1 pint ; orris-extract, 8 oz. ; ambergris-extract, 2 oz. ; bergamot-oil, 
1 oz. ; lemon-oil. i oz. 

Eszterhazy. — Pomade-extract of orange-flower, and extracts of triple rose, vitivert, vanilla, orris, 
tonquin-beans, and neroli, each 1 pint ; ambergris-extract, J pint; sandal-wood-oil, 1 oz. ; clove-oil, 
i dr. 

de Flora. — Pomade-extracts of rose, tuberose, and violet, each 1 pint ; benzoin-extract, 1 J oz. ; 
bergamot-oil, 2 oz. ; citron- and orange-zestes, each § oz. 

Flowers of Erin. — White rose extract, 1 pint ; vanilla-extract, 1 oz. 

Guardi. — ^Bose-extract, 2 pints ; vanilla-, orris-, and orange-flower extracts, each J pint ; musk- 
extract, } pint ; clove-oil, J dr. 

Holy Basil. — ^Vanilla-, geranium-, and tonquin-bean-extracts, each 2 pints ; cassie-, jasmine-, 
tuberose-, tolu-, orange-flower-, and Montserrat lime-essences, each 1 pint. 

Ilang-ilang. — Bose-pomade-, triple rose-, cassie-, jasmine-, and tuberose-extracts, each 1 pint ; 
orris-extract, 2 pints ; ilang-oil, 1 oz. ; pimento-oil, J oz. ; alcohol, 1 pint. 

■/- International. — ^Violet-extract, 1 pint ; triple rose-, jasmine-, and tuberose-extracts, each J pint ; 
lavender-, vanUla-, sandal-wood-, musk-, and patchouli-extracts, each J pint ; lemon-oU, J oz. ; 
citronella-oil, 1 dr. 

/. Isle of Wight. — Sandal-wood-extract, 1 pint; rose- and orris-extracts, each J pint; vitivert- 
extract, J pint. 

Italian. — Eose-pomade extract, 2 pints ; extract of triple rose, and pomade-extracts of jasmine 
and violet, each 1 pint ; cassie-extract, J pint ; musk- and ambergris-extracts, each 2 oz. 

Jockey Club (English). — Orris-extract, 2 pints ; triple rose extract and rose pomade extract, each 
1 pint ; extract of ambergris, and pomade-extracts of cassie and tuberose, each ^ pint ; bergamot- 
oil, i oz. 

Jockey Club (French). — Eose-pomade extract and tuberose-extract, each 1 pint ; jasmine-extract, 
I pint ; cassie-extract, J pint ; civet-extract, 3 oz. 

Kew Garden. — Orange-flower-extract, 1 pint ; pomade-extracts of cassie, tuberose, and jasmine, 
and extract of geranium, each J pint ; musk- and ambei^ris-extracts, each 3 oz. 

Leap-year. — Jasmine- and tuberose-extracts, each 1 pint ; extracts of triple rose, sandal-wood 
patchouli, and vitivert, each J pint ; verbena-extract, 1 gill. 

du Marechal. — Triple rose and orange-flower extracts, each 1 pint ; vitivert-, vanilla-, orris-, 
tonquin-bean, and neroli-extracts, each } pint ; ambergris- and musk-extracts, each i pint ; clove- 
and sandal-wood-oils, each i dr. 

May Flowers. — VanUla-extract, 1 pint ; rose-, jasmine-, cassie-, and orange-flower-extracts, each 
J pint ; almond-oil, i dr. 
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de Montpellier. — ^Rose-pomade extract, and tuberose- and triple rose-extracts, each 1 pint ; 
ambergris- and musk-extracts, each i pint ; bergamot-oil, J oz. ; clove-oil, 1 J dr. 

New-moum Bay. — Tonquin-bean-extract, 2 pints; geranium-, orange-flower-, jasmine-, rose-, 
and triple rose-extracts, each 1 pint. 

Opoponax. — Infuse 1 oz. pod musk, 8 oz. vanilla, 4 oz. tonquin-beans in 10 pints alcohol for 
1 month ; then add 8 pints millefleur pomade-extract, 4 pints orris-extract, 2 oz. each citron-zeste 
and bergamot-oil, IJ oz. rose-oil, and J oz. opoponax-oil. 

de la Seine dAngleterre. — Pomade-extracts of rose and violet, each 1 pint; tuberose-extract, 
i pint ; orange-flower-extract, i pint ; bergamot-oil, J oz. 

du Soi. — Pomade-extracts of rose, violet, and jasmine, each 1 pint; vanilla- and vitivert- 
extracts, each J pint ; ambergris- and musk-extracts, each 1 oz. ; clove-oil, 1 oz. ; bergamot-oil, 
1 dr. 

l/^Sondeletia. — ^Lavender-oil, 2 oz. ; bergamot- and clove-oils, each 1 oz. ; rose-oil, 3 dr. ; ambergris-, 
musk-, and vanilla-extracts, each J pint ; alcohol, 1 gal. 

Boyal Hunt. — Triple rose extract, 1 pint ; acacia-, neroli-, musk-, orris-, and orange-flower- 
extracts, each \ pint ; tonquin-bean extract, J pint ; citron-zeste, 2 dr. 

Piesse’s Posy. — Eose-pomade-extract, 1 pint ; extract of triple rose, and pomade-extracts of 
violet and jasmine, each 5 pint ; verbena- and cassie-extracts, each 2 J oz. ; ambergris- and musk- 
extracts, each 1 oz. ; bergamot- and lemon-oils, each J oz. 

Spring Flowers. — Pomade-extracts of rose and violet, each 1 pint ; eassie- and triple rose-extracts 
each 2 i oz. ; ambergris-extract, 1 oz. ; bergamot-oil, 2 dr. 

Suave. — Pomade- extracts of rose, eassie, jasmine, and tuberose, each 1 pint; vanilla-extract, 
5 oz. ; ambergris- and musk-extracts, each 2 oz. ; bergamot-oil, J oz. ; clove-oil, 1 dr. 

Tulip. — Pomade-extracts of jasmine, violet, and tuberose, each 1 pint ; rose-extract, J pint ; 
orris-extract, 3 oz. ; almond-oil, 2 drops. 

Volunteer^. — Orris-extract, 1 pint ; eassie- and jasmine-extracts, each J pint ; ambergris- and 
musk-extracts, each 2J oz, ; rose-, neroli-, bergamot-, and lavender-oils, each J oz. ; clove-oil, 8 
drops; alcohol, 1 pint. 

West-End. — Triple rose extract, 3 pints; violet-, eassie-, jasmine-, and tuberose-extracts, each 
1 pint ; ambergris- and musk-extracts, each i pint ; bergamot-oil, 1 oz. 

Wood-Violet. — Violet-extract, 1 pint; eassie-, orris-, and rose-pomade-extraots, each 3 oz. ; 
almond-oil, 3 drops. 

Yacht Club. — Neroli- and sandal-wood-extracts, each 1 pint ; triple rose- and jasmine-extracts, 
each \ pint ; vanilla-extract, J pint ; benzoin-flowers, J oz. 

Satchets. — Perfumes intended to be placed in satchels, or ornamental receptacles of paper, 
silk, &c., must be such as retain their fragrance in a dry state. These are ground very fine, and 
compounded according to the subjoined formulae : — 

Cassie. — Cassie-heads, 1 lb. ; orris-root, 1 lb. 

Cyprus. — ^Rose-wood, cedar-wood, and sandal-wood, each 1 lb. ; rose- wood-oil, 3 dr. 

Frangipanni. — Orris-root, 3 lb. ; vitivert and sandal-wood, each J lb. ; rose-, neroli-, and sandal- 
wood-oils, each 1 dr. ; musk pods, 1 oz. ; civet, J oz. 

Heliotrope. — Orris-root, 2 lb. ; rose-leaves, 1 lb. ; tonquin-beans, J lb. ; vanilla-beans, i lb. ; 
grain musk, J oz. ; almond-oil, 5 drops. 
y 'Lavender. — Lavender-flowers, 1 lb. ; gum benzoin, J lb. ; lavender-oil, J oz. 

Mar^chale. — Sandal-wood and orris-root, each 4 lb. ; rose-leaves, cloves, and cassia-bark, each 
4 lb. ; grain musk, 4 dr. 

Millefleur. — Lavender-flowers, orris-root, rose-leaves, and gum benzoin, each 1 lb. ; tonquin-beans, 
vaniUa-beans, cloves, and sandal-wood, each J lb. ; cinnamon and allspice, each 2 oz. ; musk and 
civet, each 2 dr. 

.Jfottssebree.— Vitivert, 1 lb. ; orris-root, sandal- wood, and black-currant leaves, each 4 lb. ; gum 
benzoin, J lb. ; rose-oil, 4 dr. ; thyme-oil, 5 drops. 

Patchouli. — Patchouli-herb, 1 lb. ; patchouli-oil, J dr. 

Peau d'Espagne. — Rose-, neroli-, and sandal-wood-oils, each 4 oz. ; lavender-, verbena-, and 
bergamot-oils, each J oz. ; clove- and cinnamon-oils, each 2 dr. ; then add a solution of 4 oz. gum 
benzoin in 4 pint alcohol ; steep pieces of wash-leather in the mixture for a day or two ; squeeze out, 

. and dry. Rub up a paste of 1 dr. each of civet and grain musk with enough gum mucilage to give 
a spreading consistence ; spread the paste on one side of the skin pieces ; place two pieces together 
with the pasted sides facing, and sew up in silk bags. 

Portugal. — Orange-peel, 1 lb.; lemon-peel and orris-root, each 4 lb.; orange-peel oil, 1 oz.; 
neroli- and lemon-grass-oils, each 4 dr. 

Pot-pourri. — Lavender, rose-leaves, and salt, each 1 lb. ; orris-root, 4 lb. ; cloves, cinnamon, and 
•allspice, each 2 oz. 

Hose'. — Rose-heels or leaves, 1 lb. ; sandal- wood 4 lb. ; rose-oil, 4 oz. 
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Verbena. — Lemon-peel, 1 lb. ; lemon-thyme, J lb. ; bergamot-oil, 1 oz. ; lemon-peel-oil, J- oz. ; 
lemon-grass-oil, 1 dr. 

Violet. — Black-onrrant-leaves, cassie-heads, and rose-heels or leaves, each 1 lb. ; orris-root, 2 Ib.; 
gum benzoin, J lb. ; grain mnsk, 1 dr. ; almond-oil, J dr. 

Vinegars [Aromatic]. — See p. 335. 

VTaters and Hanx. — The term “ water,” or its French equivalent ean, is applied to some few 
compound scents, without any very obvious reason. The principal of these are constituted as 
follows : — 

des Carmes. — Fresh leaves of Melissa officinalis, 2 lb. ; fresh lemon-peel, J lb. ; nutmeg, coriander 
seeds, cloves, cinnamon, and angelica root, all broken fine, each 2 oz. ; the whole is placed in a 
still with J gal. orange-flower-water and 1 gal. alcohol, and distilled slowly till 1 gal. has 
condensed. 

de Chypre. — ^Musk-extract, 1 pint ; extracts of ambergris, orris, vanilla, and tonquin-bean, each 
J pint ; triple rose extract, 2 pints. 

de Cologne.— (a) Grape-alcohol, 6 gaL ; orange and citron zestes, each 5 oz. ; neroli-oil, 3 oz. ; 
rosemary and bergamot oils, each 2 oz. ; bigarade oil, 1 oz. 

(V) Grain-alcohol, 6 gal ; lemon, bergamot, and orange-peel oils, each 4 oz. ; rosemary and petit 
grain oils, each 2 oz. ; neroli-oil, ^ oz. 

Elder-flower. — Distil 12 lb. of the flowers with water until that passing into the receiver has no 
perfume — usually 15-18 lb. ,- to file distillate, add 12 lb. alcohol, and distil 5 lb. from it. Of this, 
mix 2 oz. with 10 oz. distilled water. 

Hungary. — Grape-alcohol, 1 gal. ; rose- and orange-flower extracts, each 1 pint ; Hungarian rose- 
mary-oil, 2 oz. ; lemon-peel and Melissa oils, each I oz. ; mint-oil, J dr. 

Lavender. — ^English lavender-oU, 4 oz. ; alcohol, 3 qt. ; rose-water, 1 pint. 

Lidion. — Alcohol, 1 gal. ; orange-peel-oil, 4 oz. ; citron zeste, 2 oz. ; rose-oil, J oz. 

de Luce. — Benzoin or Peru balsam extract, 1 oz. ; lavender-oil, 10 drops ; liquor ammonia, 2 oz. ; 
oil of amber, 5 drops. 

de MUleflears. — Triple rose extract, 1 pint ; pomade-extracts of rose, jasmine, tuberose, orange- 
flower, cassie, and violet, each J pint ; cedar-extract, J pint ; musk, ambergris, and vanilla 
extracts, each 2 oz. ; bergamot-oil, 1 oz. ; clove-, almond-, and neroli-oils, each 10 drops. 

de Mousseline. — Marashale bouquet, 1 pint ; pomade-extracts of jasmine, cassie, tuberose, and 
rose, each J pint ; sandal-wood-oil, 2 dr. 

de Portugal. — Alcohol, 1 gaL ; orange-peel-oil, 8 oz. ; citron zeste, 2 oz. ; bergamot-oil, 1 oz. ; 
rose-oiL i oz. 

Bose. — ^The preparation of rose-water has been described at length under rose-oil (see p. 1427). 

Imports and Values. — Our imports of uneniunerated perfumery, independent of essential oils 
(see p. 1483), in 1879, were : — From Holland, 687,391 lb., value 25,0571. ; France, 320,985 lb., 
27,6761. ; China, 4988 lb., 49,5611. ; other coimtries, 167,960 lb., 23,7721. ; total, 1,181,324 lb., 
126,0661. The approximate London market values of the principal commercial raw perfumes are : 
— Ambergris, 45-85s. an oz. ; Aniseed, 26-40s. an oz. ; Star anise, 80-1 05s. an oz. ; Musk, pod, 13- 
65s. an oz., grain, 30-70s. an oz. ; Civet, 11s. an oz. ; Castor, 12-26s. a lb. ; Orris-root, 20-45s. a cwt. ; 
Tonqnin-beans, 4s. 6d.-7s. a lb. ; Sandal-wood, 10-60s. a ton. 

Bibliography . — C. Morfit, ‘Perfumery: its Manufacture and Use’ (Philadelphia: 1853); H. 
Dussauce, ‘ Treatise on Perfumery ’ (Philadelphia : 1864) ; E. Bimmel, ‘ Book of Perfumes ’ 
(London : 1865) ; E. J. Owen, ‘ Practice of Perfumery ’ (London : 1870) ; G. W. S. Piesse, ‘ Art 
of Perfumery’ (4th ed. Liondon: 1879); J. Fuchs, ‘ Castoreum ’ (Pharm. Jour., Vol. xi., No. 565, 
p. 875, London : 1881) ; G. W. Askinson, ‘ Parfumerie-Fabrikation ’ (Leipzig). 

PHOTOGH A PH. X (Fb., Photographic ; Geb., Photographie, Lichtbildkunst'). 

The history of photography is the history of half a century of progress almost without parallel 
in the annals of science. Many of the photographic processes which followed the discoveries of 
Daguerre and Talbot have either become obsolete, or have been absorbed in processes of more 
permanent value. 

In the present article, it is proposed to deal with the modem phases of photography, leaving 
out of consideration the early history and progress of the art. It will be convenient to treat the 
subject under three heads ; viz. Photographic Instruments and Appliances, Modem Photographic 
Processes, and Modem applications of Photography. 

Photographic Instbuments.— Without the camera and its lens, the majority of photographie 

processes would be practically useless. The photographic camera obscura-^ark chamber with 

its image-forming lens, may be likened to the human eye, whose retina finds its mimicry in the 
sensitive photographic plate upon which the image falls, and is impressed. The eye is a perfect 
optical instrument, whose lens and iris, or diaphragm, so adjust themselves in focus, and to the 
varying conditions of light, as to transmit faultless images of outer objects to the retina. The 
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camera-lens, modelled on the same plan, transmits vhat are termed perfectly achromatized images 
to the prepared photographic plate. In lien of an iris expanded and contracted by muscles, the 
camera-lens carries metallic -diaphragms, and has a mechanical arrangement, by which it may be 
focussed for near or distant objects. 

Objectives . — The lens is of primary importance in photography ; it becomes necessary, therefore, 
to point out the conditions "which fit the lens for its photographic functions. It will simplify 
matters to employ the term “objective” in place of lens, since all useful photographic lenses are 
combinations of two or more lenses of different focL The first condition is to have the objective 
perfectly achromatized, i. e. the visual and chemical foci coincident, in other words, the chemical 
rays which impress the image upon the plate, and the rays which form the visible image upon the 
screen, should have their focus at the same point. The objective should be also free from spherical 
aberration ; that is to say, the image tr ansmi tted by the combined lenses should neither be curved 
nor distorted. 

Should the double-convex lens a (Fig. 1078), and the double-conoave lens h, be made of crown- 
glass, chromatic aberration will be represented by the points of focus c d. The parallel rays of 
white light incident upon the lens a will be split up into seven coloured rays, each having a 
different degree of refrangibility, and a different focus. The red rays, having a small index of 
refraction, 1-5258, will have their focus at c, while the extreme violet rays, having a greater index 
of refraction, 1-5466, will have their focus at d, and the distance between o and d will represent 
the chromatic aberration of the combined lenses. Taking advantage of the difference in the 
dispersive power of fiint- and crown-glass, if the lens a is made of crown-glass, whose index of 
refraction is 1-519, and dispersive power 0-036, and the lens b of flint-glass, whose index of 
refraction is 1 - 589, and dispersive power 0 - 0393, and if the focal length of the crown-glass is 4i in., 
and that of the flint-glass 7| in., they will form a lens of 10 in. focus, and will refract white light 
to a single focus free from colour. By this means, is obtained an achromatized combination 
suitable for photographic purposes. Spherical aberration may be completely corrected by the 
forms of the combined lenses. Thus, by combining a miniscus lens (Fig. 1079) a with a double- 
convex lens b, the aberration produced by the lenses when used singly will disappear. 
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The result of having the objectives corrected is that they throw a sharply defined image upon 
the screen of the camera, and produce a sharply defined image upon the photographic plate. 
Suitable objectives must therefore be what are termed “ aehromatic combinations,” and are made 
by uniting two or more lenses of flint- aud crown-glass of different refracting powers. 

Objectives supplied by well-known makers fulfil, as a rule, all the conditions necessary for 
successful photography. They distribute illumination equally over the plate, and are free from 
flare and distortion. 

The objective commonly used in portraiture is made up of four lenses, two of flint-, and two of 
crown-glass. Seeing that the majority of portraits are taken indoors, with a comparatively feeble 
light, the portrait-objective must be used with a wide aperture, so as to admit the maximum of 
light. Even with the best portrait-objective, when no dia- 
phragm is employed, the image is apt to lack clearness and 
definition on its outer edge. 

Diaphragms . — In the portraibobjective, as in most other 
combinations, the diaphragm is placed midway between the 
front and back lenses, as in Fig. 1080. The object of the 
diaphragm at A is to impart distinctness to every part of the 
picture. By employing a very small aperture in the dia- 
phragm, a portrait or landscape may be rendered so distinct all 
over its surface as to closely resemble a map. Judgment is 
therefore required in the use of diaphragms, so as to secure the necessary degree of distinctness 
■without loaine: the effect of relief and distance. The use of small diaphragms-'is restricted in 
another way ; the smaller the aperture employed, the longer wiU be the time required to produce 
a picture. 
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Waterhouse diaphragms are those most commonly used. They are made of thin plates of 
blackened brass, pierced with an aperture (Fig. 1081), and calculated to slip into a slit in the inner 
lens-tube (Fig. 1082). 

When great rapidity is required, as in photographing children, the diaphragm is dispensed 
with, and the objective is worked with full aperture. 

In copying a map or plan full of minute detail, the 
smallest diaphragm yields the most perfect definition. 

Modern objectives for landscape and architectural 
photography are so perfectly corrected as to produce 
faultless images. With what are known as “sym- 
metrical ” and “ rectilinear ” lenses, the straight lines 
of a building are reproduced as straight lines. With 
the old miniscns, or plano-convex landscape lenses, 
there was always a degree of curvature and distor- 
tion, . which greatly marred the photographs taken 
by them. 

Another improvement effected in the construction of landscape-objectives is the larger field 
which some of them are made to cover, embracing an angle of over 90°. These render it possible 
to photograph, without distortion, objects near at hand and of great elevation. Special objectives 
are also made to cover a large field, and to be used with an aperture wide enough to fit them for 
taking groups, and instantaneous street views. The London opticians. Boss and Dallmeyer, have 
indeed brought photographic optics to a degree of perfection which leaves little or nothing to be 
desired. 

Cameras . — The camera obscnra or dark chamber of photography, to which the objective is 
attached, is presented in its rudimentary form in Fig. 1083. The mahogany box a is made 
perfectly lightproof; the objective 6 has a movable inner brsiss tube with rack and pinion for 
focussing ; e is the front cap for timing exposure ; and d is a ground-glass screen used in focussing, 
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upon which the image falls. By throwing a dark cloth over the head, and the end of camera the 
operator is enabled to see and adjust the inverted image on the ground glass. When the ima»-e 
is centred and focussed, the screen is withdrawn, and replaced by a sensitive plate in a dark clos^ 
carrier (Fig. 1084). The dark slide is composed of a strong outer frame a, while d represents the 
open space, with corners upon which the prepared plate rests. Exposure is effected by the front 
draw-up shutter c ; and the back shutter h opens to receive the plate. 

The plate, prepared in a chemically dark room, is then consigned to the slide, which is closed 
and carried to the camera, where it is exposed ; it is finally taken back to the dark room and 
developed. 

There are an infinite variety of cameras, each designed to serve some special end and all of 
them framed on the principle of the instrument described. But the camera in its most advanced 
state is a complex instrument, in general form represented by Fig. 1085. The rigid rudimentary 
body is replaced by a bellows a, fixed to the front and back of the instrument. This bellows L 
expanded and contracted by rack and pinion at b, to suit objectives of different foci. The back 
swings vertically and horizontally, and may be fixed at any angle by pinching-screws. The swing 
back is useful in obtaining more uniform focus, where a near and distant object have to be phofe^ 
graphed together on one plate. Another advantage in this instrument is its perfect portabilitv 
The baseboard is so framed as to admit of the camera being folded up into very small compass. The 
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slides or plate-oamers attached to this instmment are hoth single and double. The single slide is 
used for the “wet collodion” process, and the double, which carries two plates, for the “dry” 
process. 

Stereoscopic camera. — The stereoscopic camera, in its most complete form, carries two objectives 
about 4 in. apart. By this means, two pictures of 
the same object are taken at once. These, when 
reversed, and combined by the stereoscope, pro. 
duce a mimicry of objects in relief. (Figs. 1086-7.) 

Enlarging camera. — When the object to be 
photographed is focussed on the screen, and the 
distance of the objective from the focussing screen 
is greater than the distance of the objective from 
the object, an enlarged image of the object is 
obtained. The enlarging camera is thus capable 
of considerable expansion, and herein lies the 
main difference of the enlarging camera from the 
instmment required for small photographs. 

The solar camera for direct enlargement carries 
a mirror and large condensing lens. The mirror is designed to transmit the solar rays through the 
condenser, which in turn illuminates the negative to be enlarged. The method by which the 
enlarged image is obtained is a counterpart of what takes place in the magic lantern, with this 
difference, that the source of light in the camera is the sun. The limelight lantern has, indeed, to 
some extent taken the place 
of the solar camera in mo- 
dem practice. 

Mioro-photographic cam- 
era. — The principle em- 
bodied in the micro-photo- 
graphic camera is the same 
as that involved in the fore- 
going apparatus. It is shown 
in Fig. 1088 : a, micro- 
scope; b, reflecting mirror: 
c, camera. 

Photo-micrographic camera. — The photo-micrographic camera is a diminishing apparatus, and 
may be set down as the micro-photographic camera reversed. Eeduced photographs of offlcial 
despatches, obtained by this instrument, were largely used during the Franco-Prussian war for 
transmission by pigeon-post. 

KinneaPs portable landscape camera is shown in Figs. 1089 and 1090. 

Instantaneous shutters. — With the advent of what are termed “ gelatine-emulsion ” plates, came 
the necessity of rapid exposures, exposures too rapid for the handwork of uncapping and capping 
the lens. This necessity has 
been met by shutters made to 
fit the front of the objective. 

Some of these are pierced with 
an aperture, which drops over 
the front of the lens at the 
moment of exposure. Others 
open and close instantaneously, 
by means of electricity or pneu- 
matic pressure. But Dr. Vogel’s shutter is perhaps the simplest of all. It consists of a black 





velvet sleeve A (Fig. 1091), fixed to the front of the camera B. At the end of the sleeve, is a light 
wooden board C, pierced with an oblong hole D. When the plate is ready for exposure, the board, 
which has been laid back on the top of the camera, is lifted, and dropped vertically in front of 
the lens. The passage of the aperture D across the field effects a momentary exposure of the plate. 

In addition to the instruments described, there are many others used in photography, too complex 
to admit of anything beyond passing notice in the present article. The simplest of these are actino- 
meters, for determining the actinic power of light There are instruments for registering barometric 
and thermometric changes, the vibrations of the magnetic needle, and the phenomena of the inter- 
ference of the rays of the spectrum. De La Rue, Rutherford, Grubb, and Huggans, are names inti- 
mately associated with astronomical photography. Specially-constructed telescopes, made to follow 
the movements of our globe and of the planets, have been constructed. By means of these, the 
moon has been photographed, and, more wonderful stiU, the spectra of planets and of stars. 
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The Bark Soom . — It is most essential in all photogiapbic piocesses to employ what is termed a 
“dark room” in aU operations connected with preparing and developing the sensitive pl^te. 
This dark room is not without light, but its light is of a quality such as in no way affects the 
plate. It should be lighted fitom a small window covered with one or two thicknesses of onmge 
paper, and famished with a blind of Turkey red. When this blind is drawn down, sufficient light 
should pass through to enable the 

operator to see what he is about, lO®. 1090 . 

and yet the light is so inactinic as 
to be harmless to the most sensitive 
plate during preparation and de- 
velopment. Beneath the window, 
there should be a water-tap and 
leaden sink for washing purposes. 

Bows of shelves right and left 
should also be fixed within reach. 

These are handy for storing bottles. 

An ample deal bench, flush with the top of the sink, and made to slide over it, fadlitates opera- 
tions. 
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The Studio . — ^The “ studio ” pertains to professional photography, and is worthy of special notice. 
It is simply a well-lighted apartment in close proximity to the dark room. It used to be con- 
stracted almost entirely of glass, but that has become unnecessary, since a photograph can be taken 
in a fraction of a second. It is indeed advisable to 
dispense with much of the light of the old studio, so 
as to secure more artistic effect in portraiture. 

The apartment should recall a well-appointed 
drawing-room rather than a photographic studio. 

In the construction of a studio, it should be home in 
mind that a steady north light is the best to work by, 
and that, by an arrangement of blinds, the light may 
be so manipulated as to suit any subject. 

White reflecting screens are also of great use in 
lighting the dark portions of the object to be photo- 
graphed. 

Studio accessories may be left entirely to the 
taste and skill of the photographer. The intelli- 
gent selection and use of these are of the highest 
importance in the production of artistic photo- 
graphs. 

Camera Stands . — The studio-stand should be a solid piece of furniture, and yet easily moved 
about. It is so made that, by simple mechanism, the camera may be raised, depressed, or angled, 
at convenience. Portable tripod stands are supplied for outdoor work. These are so light as to 
be used as an alpenstock, and, when expanded, so rigid as to render the camera perfectly 
i mm obile. 

The foregoing summary of the instruments and appliances used in photography is far from 
exhaustive. It is simply suggestive of the progress made in this direction, and intended also to 
render the processes of photography more intelligible to the reader. 

Peooesses. — Collodion Process. — “ Negative ” and “ positive ” are terms employed to denote respec- 
tively the photograph taken in the camera and the print obtained from the plate so taken. The 
negative usually consists of a sheet of glass, which affords support for the chemicals required to 
produce a photograph. Collodion charged with haloid salts is one of the vehicles used to coat the 
plate, and is made by dissolving gun-cotton (pyroxyline) in etber and alcohol. Pyroxyline may be 
prepared in the following manner 10 dr. cotton, 52 oz. sulphuric acid, 18 oz. nitric acid, 8 oz. 
water ; the cotton should be of fine quality, and boiled for J hour in 2 oz. caustic soda and 1 gal. 
water. It must then he freed from the alkali by washing in water, and dried. The acids and 
water should now be mingled in a porcelain jar, and left to fall to 651° (150° p.), when the cotton 
may be plunged in, and left for 10 minutes. When taken out, it should be washed thoroughly with 
water, and dried, care being taken not to heat and ignite the compound, as it is highly explosive. 

To make the collodion, take 10 oz. alcohol, 5 oz. sulphuric ether, and 100 gr. cotton. The above 
solution may be fitted for use by adding 5 oz. alcohol, 60 gr. ammonium iodide, 30 gr. cadmium 
iodide, 20 gr. cadmium bromide. Shake well, and allow to settle for 12 hours. 

The collodion may now be used for coating the glass plate. This operation is best conducted 
in daylight. The fluid is flowed over the glass, and drained off at one corner (Fig. 1092). In about 
2 minutes, it will have set, and may be carried to the dark room, and there plunged into an upright 
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glass bath containing 600 gr. silver nitrate, and 20 oz. distilled water. This first plate should be 
allowed to remain in the bath for 12 hours, after which, it should be withdrawn, when the nitrate 
bath will be ready tor use. 

Prepare another plate, and consign it to the bath, where it should remain until the greasy 
appearance has left the surface of the collodion film. 

The plate may now be placed in the dark slide of the 
camera, and carried to the studio, where exposure in the 
camera is effected. 

Developmeni . — After exposure in the camera, the plate 
is carried to the dark room, and there taken out of the 
slide. No visible change will be observed on the plate. 

The image is impressed, but it is latent, and may be 
evoked by pouring over the film a solution containing 
1 oz. iron protosulphate, 1 dr. copper sulphate, 1 oz. 
baryta nitrate, ^ oz. glacial acetic acid, 20 oz. water. 

Filter out the white precipitate, and it is ready for use. 

Another formula is — i oz. iron protosulphate, i oz. 
glacial acetic acid, i oz. alcohol, 8 oz. water. 

Either of the above solutions may be successfully em- 
ployed, but the proportions can be varied, and different 
reagents used in developing the latent image. After 
washing off all trace of the developing solution, the 
negative may be intensified by flowing over the plate 3 gr. 
pyrogallic acid, 3 gr. citric acid, 1 oz. water. To this 
is added, just before using, one or two drops of a mixture 
of 30 gr. silver nitrate and 1 oz. distilled water. 

The object of intensifying is to confer the degree of 
opacity upon the lights necessary to yield a brilliant 
positive print. 

If the subject be a portrait, the extreme high-lights 
should appear quite opaque when the plate is held up 
and viewed by transmitted light. When fully intensified, the plate may be washed under the 
tap, and fixed either by lowering into a bath containing a nearly saturated solution of sodium 
hyposulphite in water, or pouring over the film a solution of 100 gr. potassium cyanide to 10 oz. 
water. 

In any case, after the negative has been cleared of the unaltered opalescent bromo-iodide ot 
silver, it must be thoroughly washed under the tap, and reared up to dry. When dry, the 
negative should be slightly heated, and the following varnish (which has been filtered) applied : — 

1 oz. sandarac, 4 dr. seed-lac, 1 dr. castor-oil, 9 oz. alcohol. The varnish must be poured over the 
collodion film, and drained off at one corner of the plate, which must again be heated to drive off 
the alcohol, and harden the surface. 

In this wet coUodion process, there are distinctly marked stages of progress. The bromo- 
iodized collodion is in itself insensitive to light, and may be exposed to sunshine without detriment. 
So indeed is the silver nitrate solution. But a great transition takes place when the collodionized 
plate is plunged into the silver bath. The iodide and bromide in the collodion form a union with 
the silver salt, and produce a highly sensitive film of bromo-iodide of silver. On the successful 
formation of this powerful compound, hinges the entire result of the process. Should the silver bath 
prove too acid, the negative will be bard black and white. On the other hand, if the bath is 
alkaline, the negative will fog over, and lack contrast. Should white light fall uimn the plate 
when it is sensitized, and before it is developed, the negative will fog hopelessly. If tlie glass plate 
has not been thoroughly cleaned before coating with collodion, stains will show after development. 
Dust flying about in the dark room and settling on the plate will cause pinholes in the 
negative. These may also be caused by sediments in the collodion, or in the silver bath. 

Dry Collodion Processes . — The dry collodion processes are falling into disuse before their 
formidable rival dry gelatine emulsion. Even were they not destined to become processes of the 
past, they are too numerous to catalogue. 

Plates prepared in the way described under the head of Collodion Process may be dried and 
preserved for an indefinite length of time. After leaving the silver bath, it is only needful to wash 
them thoroughly under the tap, and flow over them 20 gr. tannin in 1 oz. water, after which, they 
may be dried in a dark place, and preserved for use. 

Preservatives other than tannin may be used without number, but one will serve as a type of 
all the others. Washing, preserving, and drying greatly reduce the sensitiveness of wet collodion 
plates. But this defect is to some slight extent counteracted by employing an alkaline developer : 
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— (a) 3 gr. pyrogallic acid, 1 oz. water; (6) 30 gr. potassium bromide, 1 oz. water; (c) 30 gr. 
ammonium carbonate, 1 oz. water. 

To J oz. of pyrogallic solution, add 2 minims of b, and three of c. Should the image come out 
slowly, and be wanting in detail, add 2-3 min. of ammonia carbonate. The alkali will also add to 
the vigour of the negative when the image has been fully developed. 

Collodion Emulsion Process. — Collodion emulsion is a mixture of iodized or bromo-iodized 
collodion and silver nitrate. 

Washed Collodion Emulsion. — Collodion made as already described with the iodizer added should 
be cariied to the dark room, and mixed with 1 oz. collodion, 2 min. acelic acid, 1 dr. glycerine, 
4 dr. alcohol. Shake up, and set aside in the dark to settle for two days. Add 2 min. of 
hydrochloric acid, shake up, and again allow to digest for 24 hours. Now pour the emulsion into 
a shallow porcelain tray to set. When thoroughly set, cover with distilled water for one or two 
hours. Pour off the water, and flood with 5 gr. tannin, 2 gr. gallic acid, 2 dr. acetic acid, and 
1 oz. water. 

The emulsion should remain submerged for three hours. It may then be placed in flowing 
water until no trace of acid remains. It should afterwards be consigned to folds of clean linen, 
and worked abont until the water has been expressed. It may now be dried at a low temperature, 
and preserved in a light-proof bottle. 

Pellicle so made may be dissolved for use in a mixture of 1 oz. ether and 1 oz. alcohol. Plates 
coated with this emulsion, and dried in a warm dark room, are ready for use, and should be 
developed with alkaline pyrogallic acid as in the tannin process, and fixed with soda hyposulphite. 
Collodion-emulsion plates are more sensitive than dry collodion plates that have been washed and 
coated with a preservative. Intensification may be effected as with the wet process. 

Gelatine Emulsion Process . — The manufacture of gelatine emulsion is one of the most recent 
advances in photography, and marks a new era in its history. Its introduction has rendered it 
possible to obtain portraits and views in the fraction of a second. Pedestrians in the streets, 
trains at express speed, birds on the wing, may be caught on the gelatine dry plate. 

In making gelatine emulsion, the reagents required are the same as those employed in the 
collodion process, with this difference, that gelatine takes the place of collodion. 

The manufacture of this emulsion is hedged round with difficulties, arising out of the instability 
and impurity of gelatine, and the rapidity with which it is decomposed by atmospheric conditions 
over which the chemist has no control. 

It is imperative that great care be observed in selecting a suitable gelatine. Cognet’s gelatine 
is in many respects best fitted for the purpose, but it has one great defect, small particles of grease 
are locked up in its flakes. These make their presence known in opaque spots in the finished 
plates. Nelson’s “ No. 1 photographic gelatine ” is, on the whole, the safest to employ. Having 
fixed upon this gelatine, the next operation is working out the combining proportions of the haloid 
salts and sUver nitrate, so as to leave the bromo-iodide in excess. Free silver nitrate is fatal to the 
process. The following is a reliable formula : — (o) 600 gr. gelatine, 330 gr. ammonium bromide, 10 
gr. ammonium iodide, 7 oz, water; (6) 600 gr. silver nitrate, 7 oz. distilled water. 

Of the above gelatine, take 500 gr. only, add to this the bromo-iodide salts and 7 oz. of wafer. 
Allow the gelatine to swell for 15 minutes, after which, place the jar containing the gelatine and 
salts in a hot- water bath at 7 1° (160° F.). Dissolve the silver nitrate in its allotted water, and 
raise to 82° (180° F.). Add the silver drop by drop to the gelatine solution, stirring vigorously 
until the last drop is taken up. Place the emulsion thus formed with its porcelain jar in a light- 
proof pan (an ordinary tin saucepan) halt full of water, and boil for 20 minutes. Allow to cool 
down to about 38° (100° F.), and after swelling the remaining gelatine, add it to the boiled 
emulsion. Place the whole in a cool place to set. When thoroughly set, the jelly may be turned 
out of the jar on to a square of strong netting (preferably silk), having meshes about i in. in 
diameter. Spread a piece of fine white muslin over a wide basin filled with water. Gather up 
the netting, and force the emulsion through its folds into the water, beneath which is the sheet of 
muslin. This will part the jelly into thin shreds, and aid washing. The object of washing the 
emulsion is to get quit of the free salts in its composition, which would injure the process were they 
left in. It is best to employ a wooden wasbing-trough. Fig. 1093 : a represents the trough ; 5, a 
light-proof lid ; c, a funnel, with gas-pipe worm beneath to prevent light entering the tank ; d, a 
water-tap to keep up a constant stream of water ; «, a second outflow-tap to carry off the soluble salts 
which fall to the bottom of the water in the tank ; /, a light frame, with muslin stretched across, in 
which the shreds of jelly rest while washing. Six or eight hours’ flow of water is all that is 
required to fit the emulsion for use. During warm weather, ice should be placed in the water, 
and the feeding-funnel should be packed with ice, so as to keep the temperature below 10° 
(50° F.). After washing, run off the water through the lower tap, and allow the emulsion to 
drain for an hour or two. 

The emulsion may now be scooped up with a glass spoon, and melted in a porcelain jar at 32° 
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(92° F.). This is test effected in a water-bath. The emulsion is now ready for coating the plates ; 
1 oz. of fluid should coat 1 doz. plates dj x 31 in. All the operations described after mixing the 
salts with the silver must be conducted in the dark room. As a further security against light, the 
dark room should be illuminated by a paraffin lamp, enclosed in panels of ruby glass, covered 
outside with orange paper. 

In coating the plates, it is necessary to employ a table of plate-glass (Fig. 1094) carefully levelled. 
The emulsion, when dissolved, should be passed through a sieve of fine muslin, to remove grit 
and mechanical impurities. It should then be de- 
canted into a wide-mouthed bottle, half covered at 
the mouth with a membrane of muslin, which inter- 
cepts air-bells in pouring on to the plate. The 
addition of 2 oz. of alcohol to the pint of emulsion 
will cause it to flow more freely over the plate, and 
the plate to dry more rapidly when set. When the 
emulsion has been poured over the plate, spread with 
a glass rod, and the excess drained off, the plate may 
be placed upon the level table to set. When set, it 
should be reared up in a rack to dry. Under favour- 
able conditions, drying will be completed in 8 hours. 

Plates made by this process are so rapid as to 
render the use of the “ drop shutter ” necessary for 
out-door work. It must be understood, however, 
that what is termed “ instantaneous photography ” 
is only possible under favourable conditions of light 
and atmosphere. It is impossible to set down any 
arbitrary rules to guide photographers in timing exposure of gelatine or any otlier plates. So 
much depends on the conditions under which photographs are taken. For instance, plates pre- 
pared by the above formula may prove at one time more rapid than at another, owing to the 
emulsion being boiled for a longer or a shorter time, or to the salts being mixed at a higher or 
a lower temperature. The focal length of the 
objective, and the size of the diaphragm em- 
ployed, as well as the light under which the 
photograph is obtained, are all factors to be 
taken into account in determining duration of 
exposure. 

Assuming that the plate has been properly 
timed in the camera, it may be developed with 
the following alkaline pyro-solution : — (a) 6 gr. 
pyrogallic acid, 2 oz. water ; (6) 1 oz. ammonia 
liq., 2 oz. distilled water, 60 gr. potassium bro- 
mide. Place the exposed plate in a shallow 
ebonite or porcelain tray, film uppermost, pour over solution a, and see that the plate is quite sub- 
merged. Drop into a glass measure four to six drops of b ; pour back o into the measure, and again 
flood the plate by pouring back the developer. The negative wiU soon appear, and should be fully 
developed in half a minute. Wash off the developer, and fix in 5 oz. soda hyposulphite, and 
10 oz. water. After fixing, wash thoroughly with water, and then consign the negative to a 
saturated bath of common alum, which should remain for 5 minutes. Again wash and rear up to 
dry. Heat must not be applied in drying, otherwise the gelatine will run. Drying may be 
greatly aided by pouring methylated spirit over the plate; when draining, it carries the water 
with it. 

Intensify the negative, if necessary, with 20 gr. pyrogallic acid, 25 gr. citric acid, 6 oz. water. 
When required for use, to 1 oz. of this, add 4 min. nitric acid, and 20 of a mixture of 30 gr. 
silver nitrate, 1 oz. distilled water. This is best effected after the negative is dry, and thoroughly 
freed from hyposulphite, when it must be moistened in a tray of water, and the solution be poured 
over. The operation must be conducted in the dark room. When fully intensified, wash off, dry, 
and varnish, as in the wet collodion process. The gelatine plate, when dry, may be heated without 
risk of injury. 

Retouching Negatives . — Although retouching is a sort of pseudo-art, and has nothing to do with 
the scientific phase of photography, it is nevertheless important, seeing that a poor negative by 
dint of pencilling, may be made to produce fair prints. A really good negative may also be 
improved by a few well-placed touches of the retoucher’s pencil. 

The negative to be dealt with should be set upon a table-easel, furnished with a white reflector, 
which throws the light up through the negative, revealing its flaws and defects. The varnioh on 
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the negative should be perfectly hard and dry. The portion to be retonehed should be rubbed 
with the soft point of the finger, and a little finely-powdered pumice, so as to impart a tooth to the 
surface. The pencils used, HB and BB, should be sharply pointed. With the first, if it be a 
portrait-negative that is on the easel, touch out freckles or transparent spots on the face. With 
the BB, come lightly over the hard shadows about the mouth, nose, and eyes. But above all 
things, care must be taken not to overdo retouching, as it is apt to interfere with the true character 
of the face. Artistic perception, and a kindly appreciation of character, are valuable attributes in 
the professional retoucher. 

Printing-processes . — Printing of positives from negatives may be divided into two classes. The 
first, which still finds many adherents, is based on the blackening of silver salts by the aid of light. 
Prints produced by this method are liable to fade. The second class includes all the modem pro- 
cesses, which secure permanency in the finished prints. 

In ordinary silver-printing, the paper required is generally albuminized and salted ready for 
the silver-bath. This paper is best procured from a dealer. It may even be purchased sensitized, 
ready for the printing-frame. 

To prepare the ordinary albuminized salted paper,ponr into a flat dish a solution of 50 gr. silver 
nitrate, and 1 oz. distilled water. The sheet of paper to be sensitized is lifted, face downwards, by 
the two diagonal comers, and lowered on to the solution, beginning at the bend in the centre, and 
steadily lowering until the sheet lies flat on the surface. By this means, air-bubbles are expressed. 
About four minutes is sufficient to impregnate the salted surface, after which, lift a comer of the 
paper, and pass a glass rod beneath. Draw the paper over the rod, to get rid of superfluous 
moisture, and pin up to dry in the dark room. When dry, the paper is placed in contact with the 
negative in the printing-frame, film to film. Perfect contact is established by the pressure-frame. 
Figs. 1095, 1096. Now expose to light 
until the print is somewhat darker 
than required when finished. The 
print should be taken out and trimmed 
to size round the edges, the cuttings 
being preserved to recover the silver. 

Toning the Print . — Place the print 
in water, to wash out the free silver ; 
change the water several times, until 
no trace of mUkiness is observed. Immerse the print in a bath of 1 gr. gold cldoride, 4 gr. soda 
bicarbonate, and 8 oz. water, to be used immediately after being made up ; or 1 gr. gold chloride 
25 gr. soda acetate, and 8 oz. water, to be made 24 hours before being used. The red colour of 
the washed prints will speedily give place to a darker purpled hue, which must be a trifle darker 
than what is required for the finished print. Remove from the toning-bath, and wash ; then 
immerse the print in 1 oz. soda hyposulphite, and 6 oz. water. The print should remain for 
20 minutes in the fixing-solution, after which, it should be washed in running water for several 
hours. 

The positive, after washing, may be pressed between folds of blotting-paper, and, while damp, 
brushed over with a paste made of ordinary starch. Place the picture on its card mount, cover 
with a sheet of clean paper, and press down. 

Yellow stains on the prints are caused by touching the albuminized surface with fingers soiled 
with soda hyposulphite. When the bath contains too little silver, it will dissolve the albumen. 
When the bath becomes brown, add 1 dr. powdered kaolin, shake up, and filter. The hyposul- 
phite bath should be used only once. 

Albummizei Sensitive Paper.— After salted albuminized paper has been sensitized, it may be 
preserved in its sensitive state, without discolouring, for several months by rendering the paper acid 
with citric acid. When the silver solution has been applied, and while the paper is still damp, float 
on a bath composed of 6 gr. citric acid and 1 oz. water. The paper should be taken from the acid 
bath M soon as possible, and hung up to dry. By increasing the proportion of acid, the keeping 
qualities are improved, but the paper should be neutralized by ammonia fumes before placing in the 
printing-frame. 

Permanent Positive Printing.— Carbon Prmtinjf.— Theoretically, the process of carbon printing 
is simple , practically, it is difficult, and demands technical knowledge, and careful treatment 
in all its details. A principle, extremely rudimentary in itself, underlies all printing processes 
in which carbon or permanent pigment is used. It is that gelatine charged with potassium 
bichromate, when dried and exposed to white light, becomes insoluble. In addition to the bichro- 
mate in the photographic film of gelatine, it carries a powdered pigment in a fine state of division. 
This film, when exposed to light under a negative, is rendered insoluble, in a ratio corresponding 
with the lights and shadows of the negative. The deep shadows of the picture become quite in- 
soluble while the high lights remain unchanged and perfectly soluble. Pig. 1097 represents a 




PHOTOGRAPHY. 


3541 


transverse section of the carbon film. The light passing through the clear parts of the negative 
has penetrated through the film at A. This point represents the deepest shadow, and most in- 
soluble position of the film. At B, the light has pierced midway through the film, where the half 
tones of the negative have interposed. The film at C remains in its normal condition, no light 
having passed through. This point answers 
the film, so printed, in warm water, the gela- 
tine and pigment will dissolve out at C, 
partly at B, and remain intact at A. In this 
manner, a positive print is obtained in low 
relief, the deepest shadow being represented 
at A, and highest light at C. But the pig- 
mented film when supported on a white 
ground, by virtue of its semi-transparency, discloses a visible picture, having all the gradations 
of light and shadow of the negative from which it has been printed. The quantity of pigment 
held by the gelatine is so adjusted as to yield perfect opacity in the parts only where it has been 
most affected by the light. 

Carbon-tissue, like albuminized paper, has become an article of commerce, and may be procured 
of almost any colour. Its preparation involves technical difficulties so grave as to render it inad- 
visable for photographers to attempt to make the tissue for themselves. It wiU be sufficient in the 
present instance, therefore, simply to outline the method by which it is manufactured. 

The paper designed to carry the tissue must be tough, smooth, and not too heavily sized. 
Suitable paper is made in rolls by Hives, Stienfaack, and other manufacturers. The gelatine should 
neither be too soluble, nor too hard. It must be free from fat, chalk, acid, and alum. The gelatine 
should be rendered flexible by the addition of soap and sugar. Indian-ink, or other suitable 
colouring matter in a fine state of division, is next provided. All colours whose permanency is 
doubtful should be avoided. The basis must be carbon. This may be mingled with Indian red, 
oxide of iron, alizarine, purpurine, umber, indigo, Vandyke brown, Venetian red, bone-black, and so 
on. The gelatine and pigment, when mixed in proportions suitable for the sort of tissue required 
are consigned to a tank, and kept at a given temperature. The roll of paper to be coated is passed 
over the surface of the fluid at an accurately adjusted speed. The paper thus takes on a uniform 
coating. The speed at which this operation is carried through regulates the thickness of the 
coating. The roU with its film is passed into a drying-chamber, kept at a uniform temperature, 
and sorup\fiously free from noxious fumes. When dry, the tissue has the appearance of American 
cloth, or patent leather. 

Sensitizing Carbon~Tissue . — The dry tissue cut the required size, is immersed in 1 oz. of potas- 
sium bichromate and 50 oz. distilled water. This may be done in a metallic tray, several sheets 
being immersed at a time, and care taken to remove air-bubbles from the surface of the tissue. 
The sheets should remain until they have become limp and flat, after which, they may be removed 
with wooden or bone forceps, as the potassium bichromate is poisonous. Each sheet, as it is 
brought out, should be placed face down on a plate of clean glass, and an indiarubber squeegee 
pass^ over the back, to remove superfluous moisture. This done, the tissue may be fixed to 
wooden clips, and hung up to dry in a dark room, free from dust. 

The proportion of potassium bichromate should be varied to suit the season of the year, and the 
character of the negative to be printed. In warm weather, a weak bath should be used. When the 
negative is hard, the bath should be strengthened. A strong solution yields soft prints, whereas 
with a weak bath, satisfactory results are obtained from a weak negative. 

In timing the exposure of a carbon print, it is necessary to use a photometer, as the tissue 
undergoes no visible change during the process of printing. The photometer consists of a square 
box, having a lid with a slit, and beneath, a ribbon of sensitized albuminized paper. The slit is 
formed in a coating of brown paint on a disc of glass set into the lid. When in use, the end of the 
ribbon is brought beneath the slit, and the box is closed. The photometer is then placed beside 
the printing-frame. The sensitized paper will speedily darken in the light, and assume the tone 
of the brown paint. Thus one tint is registered, and the ribbon is moved, so as to present a new 
surface in the slit. 

By dint of practice, the number of tints required to print a negative is ascertained to a nicety, 
so that the process may be repeated successfully. 

The ordinary printing-frame may be used in this process, although special frames are constructed 
for printing ovals and tinted margins to “ card ” and “ cabinet ” photographs. 

It is essential in printing carbon-tissue to attach a narrow mask of blank or orange paper to the 
edges of the negative, so as to leave a margin all round the print unaffected by light. 

Single Transfer . — Carbon prints by single transfer require reversed negatives; with ordinary 
negatives, the prints wiU be reversed. Reversed negatives are made in a variety of ways. By the 
aid of a mirror in front of the camera-objective, reversed negatives may be teJren direct. They 
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may also bo obtained by the “dusting-on” process. Obemetter’s formula is 1 dr. dextrine, 

dr. white sugar, } dr. ammonium bichromate, and 3 oz. water. A glass plate is coated with this 
solution, drained, and dried oyer a spirit-lamp. It is then placed in contact with the native, and 
printed in diffused light in 15-20 minutes. The plate is then laid on a sheet of white paper, and 
dusted oyer yrith a broad soft brush, charged yyith finely-powdered graphite. The print deyelops 
gradually with repeated dusting. Should the image deyelop at once, and indistinctly, the ex- 
posure has been too short : if on the other hand, the image is thin and full of detail, exposure has 
been unduly prolonged. After deyelopment, the reyersed negatiye is coated with thin collodion, 
and may be placed in the printing-frame. 

Another method of multiplying and reversing negatives is first to print, from the negatiye, 
a carbon positive on glass, and from this, print reversed negatives with carbon-tissue. Negatives 
may also be enlarged and reversed by talcing a transparency from the original negative, through 
the camera, using either wet collodion or a gelatine dry plate. When a print is obtained on 
carbon-tissue from a reversed negative, it is damped in cold water, and laid face downwards on 
a sheet of thin transfer-paper. The paper is first laid upon a sheet of glass, the squeegee is 
then passed over the back of the tissue, and perfect contact is effected between tissue and i»per. 
When squeegeeing, it is well first to cover the back of the tissue with a sheet of waterproof 
cloth. In about 20 minutes, the tissue and its support may be transferred to a tank of water, 
heated to about 35° (95° F.). The original paper on which the tissue was made will soon lift at 
the edges, and come away, leaving the film on the transfer-paper. All the parts unaffected by 
light will dissolve off, and by moving the print about, the picture will soon appear. Development 
must be continued until all the details of the picture are fully out, when the print may be finally 
washed by changing the water, and plunged into a bath of 1 oz. alum and 4 oz. water. It may 
then be hung up to dry. The object of placing a safe edge round the negative is to secure the 
perfect adhesion of the film to its support when developing. Were there no such margin, and the 
picture printed up to the edge of the negative, the tissue would curl up, and leave the transfer- 
paper. Should the print be over-exposed, warmer water should be used in development; if under- 
exposed, colder water. 

Double Transfer Proem.— Ordinary— not reversed— negatives are required for the double-transfer 
process. Here a waxed and collodionized glass plate takes the place of the transfer-paper employed 
in the method just described. A plate of glass of the finest quality should be selected, and coated 
with a solution of 20 gr. pure bees’-wax aud 30 oz. pure benzol. The plate is levelled, and the 
solution is spread over the surface with a broad soft brush ; then drained off, and polished with a 
piece of old sUk, taking care not to remove too much of the wax. 

Coat the plate with plain collodion, and when the film has set, plunge into a bath of cold water, 
and wash until the film is uniformly wet. The exposed tissue having been damped and rendered’ 
pliable, may be squeegeed down to the collodion. When this is being done, the plate should be well 
covered with water, and the tissue, bent up at the ends, be laid dovm first in the middle, and steadily 
lowered to the sides. After the lapse of 15 minutes, the print may be developed on its glass 
support. 

Suitable transfer-paper is easily procured from the Autotype Co., of London, or other makers. 
This paper (which is enamelled) should be soaked in cold water for § hour, or untU it becomes soft 
Transfer the paper to a bath of water heated to 49° (120° F.). When the surface becomes slimy 
the glass transparency and support are dipped into cold water, and the transfer-paper is laid down 
on its surface. It is next covered with waterproof cloth, and squeegeed into close contact. When 
dry, by passing a knife round the edge, the picture may be lifted from the glass, and will have a 
highly polished surface. In order to retain the full brilliancy of the print, it should be mounted 
by first trimming the edges of the picture on the glass plate, coated with warm starch or dextrine 
Thin cardboard or white paper, after being damped, is laid over the back, and squeegeed down’ 
Two or three thicknesses may be superposed, each being coated with starch. The print with its 
backing is then allowed to dry, after which, it may be removed from the glass support The glaze 
may be retained by trimming the print after it has left the glass plate, and coating its edges only 
with hot starch, and, after mounting, placing it under pressure until dry. = s r 

Double transfer may be effected by using zinc plates, or ground-glass plates, by coating vrith 
wax, and omitting the collodion film. ° 

Polished zinc imparts a glazed surface to the print, whereas ground-glass yields mat prints 

A flexible support for double transfer has been patented by J. K. Sawyer, and is supplied by the 
Autotype Co., of London. It is coated with gelatine rendered insoluble by means of alum 

The support requires to be waxed, and the prints dealt with in detail, in much the same wav a, 
in the methods already described. ^ “ 

The Woodbury Process.— The Woodbury process, like the carbon process, is based upon the action 
of light upon gelatine charged with potassium bichromate. 

A solution of gelatine, prepared with a slight admixture of Indian-ink and potassium bichromate. 
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is spread upon a plate of glass, and dried. When dry, the gelatine film is removed from the glass, 
printed, and developed, as in the carbon process. By this means, a relief is obtained. This is laid 
upon a perfectly flat, polished, and hard-tempered plate of steel. A plate of type-metal is then 
laid upon the relief, and the whole is passed between the parallel jaws of a hydraulic engine. 
When taken from the press, it will be found that the type-metal is impressed with a perfect reverse, 
or intaglio, of the relief. In other words, the leaden plate has taken the true level of the steel, 
the divergence from the level surface is caused by the relief, the lights of the picture being 
represented by the highest relief, and the shadows by the depressions in the plate. 

The success of the process hinges upon the steel plate being perfectly level, and on the same 
conditions being observed in the construction of the press for subsequent printing. In the Wood- 
bury photographic press, a sheet of thick plate-glass is laid upon the leaden intaglio, and the upper 
iron plate of the press, covered with hot cement, is let down upon the glass, which adheres to the 
cement. 

In this manner, two parallel plains are obtained, the lower one formed by the intaglio, and 
the upper by the plate-glass. The next stage in printing requires that the intaglio should be 
slightly greased, and covered in the centre with a warm solution of semi-transparent gelatine and 
Indian-ink. A sheet of hard-pressed, smooth, white paper, is next laid on the ink, and the upper 
lid of the press is brought down, and locked. The superfluous gelatine is thus expressed, the 
portion left in the mould sets in 2-3 minutes, and the resulting proof is a permanent pictorial 
relief in Indian-ink. The high lights of the photograph have been pressed out by the projections 
in the intaglio, leaving the white paper exposed; wliile the semi-transparent jelly ascends in 
beautiful gradations, attaining its highest relief, and therefore its greatest opacity, in the deepest 
shadows. The relief la low, and when dry, the surface of the print appears to be perfectly flat. As 
in carbon printing, so in this process, a wide range of colour may be employed in preparing the 
printing-ink. 

It is a purely mechanical process after the relief has been printed from the negative, and, on 
that account, is extremely useful in producing large numbers of prints without the aid of light. 
Thousands of copies may be pulled from one impression, and the number obtainable from a single 
gelatine relief is almost incredible. 

Collotype Printing . — Collotype printing also owes its origin to the mingling of chromium salts 
with gelatine, but it differs from kindred processes in the principle upon which it is based. Here 
it is not a question of the solubility or insolubility of the gelatine film, so much as of chemical 
affinity. The collotype plate, after exposure in the printing-frame, is treated much in the same 
way as a lithographic stone. When damped over with a wet sponge, the parts unaffected by light 
absorb water, while the parts affected repel water, and have an affinity for fatty ink. To enter 
into the process more fully, two squares of plate-glass are ground together with fine emery until 
they are obscured. Take one of the plates, wash, and coat with i oz. albumen and 20 gr. ammonium 
bichromate. The albumen must first be beaten into a froth, and allowed to settle. Test the solu- 
tion, and neutralize with dilute ammonia ; coat the plate, and dry by heat at 35° (95° F.). Expose 
the plate to daylight long enough to print an ordinary silver positive. Wash the plate in water 
for ten minutes, and again dry. Coat with 1 oz. gelatine, 1 dr. potassium bichromate, and 20 oz. 
water. Dry by heat as before, and apply a third coating of 1 oz. gelatine (hard), 20 oz. water, 
3 oz. alcohol, 100 gr. ammonium bichromate, and 15 gr. calcined magnesium. Add to this solution, 
just before using, 5 gr. chrome alum and J oz. water. Coat on a levelling-stand, and dry by 
heat not exceeding 38° (100° F.). 

After the plate thus prepared has been printed under the negative, sponge over with water, 
blot off excess of moisture, and ink with a roller as in the lithogi aphic process. 

The pigment in the ink must be in a fine state of division, and rendered fluid by the addition 
of oil of turpentine. If the exposure of the plate has been properly timed, a positive impression in 
printing-ink will develop under the roller, and may be pulled off on paper in a collotype press. 
The plate, indeed, should yield some hundreds of proofs of uniform quality. 

There are a number of methods of utilizing the properties developed by the exposure to light 
of bichromatized gelatine. By some methods, reliefs are obtained, and electrotyped in metal, or 
cast in type-metal. Copies of line engravings and drawings are thus made on a reduced or an 
enlarged scale, and worked with the text in ordinary printing. Some examples of this process may 
be seen in Tissandier’s ‘ History and Handbook of Photography.’ 

Ceramic PAotoprapAs.— Encaustic photographs may be produced in a variety of ways. A secret 
method is practised, and excellent results obtained, by using carbon-tissue. The tissue is prepaied 
by a special process, which obviates any risk of the gelatine cracking up during the baking of the 
enamel. 

Another method is the “ dusting-on ” process, previously alluded to. But in place of employing 
graphite in developing the image, a finely-powdered encaustic colour is used. An exhaustive 
account of this process is given in the ‘ Photographic Xews Almanac’ for 1881. 
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The sabstitntion process is one by which the finest results are obtained. It consists in copying 
a negative through the camera on a wet collodion plate. But the silver of which this positive is 
made up, were it left in the film where burnt in, would yield a sickly-yellow picture. It is, there- 
fore, necessary to treat the silver positive with a solution of salts of platinum or iridium, until the 
silver has been transformed into chloride and replaced by metallic platinum or iridium. After the 
chloride of silver has been removed in the fixing-butt, the picture may be transferred to its support 
and fired. 

Tbe collodion positive must be developed with protosulpbate of iron ; the image must be dense, 
approaching opacity in the shadows, and perfect transparency in the highest lights. When washed 
after fixing, it is detached from the edges of the plate by a penknife, and placed in water acidulated 
with sulphuric acid. This hardens the film, and it may then be floated off the glass. It is next 
washed free from acid in several changes of water. The film is then transferred to a solution of 
2 dr. platinum chloride, and 1 oz. water. Neutralize with soda bicarbonate, then acidulate with 
one or two drops of nitric acid. Here the film should repose until the image is black, after which, 
it is fixed in 3 dr. soda hyposulphite and 1 oz. water. Again wash, and transfer the film to a basin 
of clean water. Place the enamelled plate beneath the film, with the collodion side next the 
enamel ; float into position, and lay down with a fine camel-hair brush, excluding air-bubbles. 

After burning in, tlie enamel is glazed with a flux made up of 8 parts powdered glass, 5 nitre, 
and tl flint. A thin solution of indiarubber in benzol should be used as a varnish to the enamel, 
and the flux dusted over this, and burned in. 

Platinotype Printing.— Veim&nent prints are obtained on paper by this process. A sheet of paper 
is coated with a solution of platinum chloride and iron oxalate. After the paper has been dried 
and exposed under a negative, a faint image is observed. This image develops into a rich black 
by immerdng the print in a solution of oxalate of potash, heated to 77° (170° P.). An acid water- 
bath is all that is required for fixing the image. 

Applioatioxs op Photogbaphy.— a number of the ordinary applications of photography have 
already been incidentally noticed ; but, in conclusion, it is necessary to catalogue other important 
uses to which photography has been applied. Its widest and most popular range of usefulness is 
found in ministering to the wants of all classes of society, and even providing the poorest families 
with picture galleries in miniature. But its sphere is ever widening, and its utility being 
demonstrated in a thousand different ways. 

Apart from portrait and landscape work, the following are among the principal applications of 
photography : — 

Eeproducing works of art in permanent pigments; reproducing maps, plans, architectural and 
mechanical drawings, engravings, and manuscripts, by photo-engraving, photo-lithography, and 
collotype printing ; photographs for book illustration, printed in permanent ink by Wo^bury ^pe 
• collotype, and carbon process ; encaustic photograph-, Woodbury-type, and carbon transparencies’ 
for art and decorative purpos;s; micro-photography, by means of which, microscopic objects are’ 
enlarged for book illustration, and for educational purposes in class-rooms ; photo-micrography has 
been successfully employed in reducing official despatches, charts, newspapers, &c., to dimensions 
so small as to admit of their being placed in a quill, and transported by carrier pigeons to besieged 
cities in time of war ; photographing columns of water raised by torpeiloes ; ballon-photography 
by which photo-surveys are obtained of an enemy’s country; astronomical photography, employ^’ 
in photographing sun, moon, stars, and their spectra ; photography in the hands of chemists has 
proved of the greatest service in spectrum analysis, and in investigating the phenomena of inter- 
ference of the rays of the spectrum. 


Photography in colour remains to be discovered, little or no progress having yet been made in 
this direction. It has been proved that certain colours of the solar spectrum may be reproduced 
on a sensitive photographic plate, and that certain other colours make no impression on the film 
Having got thus far, there can be no reasonable doubt that a polychrome system of photography 
will be ere long diseovered-a system which shall admit of the photographing of natural obfectsin 
all their varied hues. Development may be looked for in other directions as well in the extended 
application of the art-science to the requirements of art education, and in its application to science 
The day, indeed, may not be distant when photo-telegraphy may become an accomplished fact’ 
when it will be possible to telegraph a portrait from one continent to another. 

(See Printing and Engraving.) _ 

J. Jl. 


PHOXOMETBtY (Fr., Photoinetrie ; Ger., Jjichtmessung') 

‘‘Photometry’’ (l^ht-measurement) or the comparison of the visible intensities of different 
lights among each other is a term usually restricted to the intensity of the light in question as it 
aflects the eye of the observer, and does not include a determination of the chemical intensity of 
light, which, as IS welt known, does not coincide with what may be called its luminosity nor doL it 
embrace any measurement of the intensity of the heat accompanying the light under examination 
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It is a fact familiar to photographers that the most sunny days are not those on which their 
chemicals “ work quickest,” i. e. are most powerfully affected by light, some of the comparatiTely 
dull days in March, for example, being more suitable for photographic work than much brighter 
days later in the year. This want of coincidence between the chemical, luminous, and heating 
maxima in the spectrum, or 
coloured band produced by the 
decomposition of white light 
when passed through a prism, is 
illustrated in Fig. 1098, which 
is not, however, a representation 
of the spectrum of any particular 
light, but a typical diagram. 

O P B Q represents the visible 
part of the spectrum ; the curve 
O C Q shows the intensity of the eye-apparent light, with a maximum over the yellow part of 
the spectrum ; the intensity of the heat-rays is shown by curve D E F, with a maximum just 
outside the red end QE; while the chemical intensity is indicated by the curve ABG, with a 
maximum near the violet end of the visible spectrum. The heat-measurements are usually made 
with a delicate thermo-electric pile, while we are indebted chiefly to Professors Bunsen and Eoscoe 
for methods of measuring the chemical intensity of light. 

In constructing photometers, or instruments for measuring the comparative brightness of two or 
more Ughts, it must be borne in mind that the human eye cannot judge directly, with any approach 
to accuracy, of the relative intensity of two lights, although it can determine readily whether two 
shadows are of equal intensity, or whether two similar surfaces of equal extent are equally brightly 
illuminated. The other principle involved in the use of photometers is the law that when two 
shadows of the same object, produced by different lights, are equally intense, or when two similar 
surfaces are equally illuminated, the intensities of the two lights producing this effect vary directly 
as the squares of their distances from the screen. Thus, if a lamp at 2 ft. and a candle at 1 ft. 
from the screen produced the same shadow or Illuminated surface, since the square of 2 is 4, and 
the square of 1 is 1, the relative intensities of the two would be as 4 to 1, i. e. the lamp would be of 
“ 4-candle power.” 

It is necessary to fix upon some standard, in terms of which the brightness of any given light 
may be expressed. Various standards have been proposed at different times, such as lamps of a 
definite construction, burning oil of a fixed quality at a given rate per hour— for example, the 
French caroel lamp, or better, Parker’s hot-oil lamp, but it has been found that the most uniform 
or least variable standard of illumination, is a wax (or spermaceti) candle, size 3 to the lb., with a 
wick of 27 or 28 tlireads of the best Turkey cotton, and burning at the rate of 125 gr. an hour. 
It is a candle of this kind that is referred to in speaking of gas as “ 16-candle,” or of an electric 
light as of 400-candle or 6000-candle power. The standard for gas-testing, as fixed by Act of 
Parliament, is a sperm candle burning at the rate of 120 gr. an hour, or 2 gr. a minute. In the 
best photometers, as will be seen presently, the standard light is fixed upon a balance, so that its 
rate of burning may be constantly checked. 

Before proceeding to describe the various kinds of photometers, it may be useful to consider 
briefly two remarkable results of careful photometric observatiou, which have an important 
practical bearing upon the most economical arrangement of a number of separate lights, whether 
they be candles, lamps, or gas-flames, i e. the arrangement which will give the greatest total 
amount of light from the various illuminating sources. 

The first is that when the flames of two lamps or candles touch each other, the luminous 
intensity of the combined flame is greater than the sum of the intensities of the separate flames. 
This effect was first observed by Dr. Benj. Franklin, and appears to be due to the increased 
temperature at the part where the flames overlap. 

This fact has been taken advantage of by W. Sugg, in the construction of those combinations of 
2, 3, or 4 flat-flame gas-burners, now so much used in the standard lamps placed at the inter- 
sections of streets, and other important points in many large English and Colonial towns. The gas- 
argand burner is also an extreme instance of the kind, the ring there being made up of a series 
of round-hole jets, each single flame of which overlaps the flame on either side of it. 

The second result may be thus expressed : — A comparison of the amounts of light afforded by 
the same number of flames in different relative positions proves that flame is perfectly transparent, 
and thus that the luminous effect of a row of lights is the same whether this arrangement is 
parallel with or perpendicular to the direction of the rays ; similarly a flat gas-flame gives the 
same degree of light in aU directions. 

The chief forms of photometer will now be described. The simplest, most readily constructed, 
and most easily used, is that known as Bumford’s. It consists merely of a black cylindrical rod 
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mounted Tertically upon a stand or foot, and of a white screen upon which to receive the shadows 
of the rod. The lights to be compared (all others should be put out) are placed about until the 
respective shadows cast by the rod are of equal depth. The distances of the lights from the screen 
are then careftdly measured, and each number thus obtained is multiplied by itself. The propor- 
tion between these products represents the relative intensities of the lights under examination. 
For example, suppose lamp A at 21 in. and lamp B at 30 in. from the screen gave equally deep 
shadows, then, since 21 x 21 = 441, and 30 x 30 = 900, lamp A is to lamp B as 441 to 900, or 
nearly as 1 to 2, or, in other words, lamp B gives twice as much light as lamp A. As a similar 
calculation has to be made in all photometric testa (though it is frequently assisted hy previously 
constructed fcibles suited to each instrument), it will not be repeated. 

Bunsen’s photometer depends on the equal illumination of two surfaces, and is much more exact 
than the preceding. The principle of it, with very slight modifications, is adopted in the delicate 
photometers used in gas-testing. The essential part of it is a piece of thin paper stretched in a 
frame, and the paper is rendered semi-transparent by being saturated with a solution of spermaceti 
in turpentine-oil, with the exception of a central spot about O’ 75 in, in diameter, which is allowed 
to remain opaque. In using it (in a dark room), the standard light is placed behind the spot, and 
the variable one in front. When the two surfaces are equally illuminated, the opaque spot dis- 
appears, and the whole surface of the disc is perfectly homogeneous in appearance. 

Wheatstone’s photometer consists of a small silvered polished bead, mounted upon a stem to 
which a looped motion is given by appropriate clockwork. When it is placed between two sources 
of light, and the clockwork is set in motion, two looped curves of different brightness are seen, so 
very close together that their intensities can readily be compared ; the lights are then adjusted to 
give curves of equal brightness, and tlieir respective distances are read off. The formation of a 
luminous curve hy a moving bright bead, depends, of course, upon the well-known principle of 
“ persistence of vision,” the simplest illustration of which is the circle of fire traced by a lighted 
stick whirled round hy hand. 

Letheby’s and Evans’s photometers are similar in construction, and both depend upon the prin- 
ciple of Bunsen’s. Letheby’s consists essentially of a long bar, at each end of which are supports 
for a light, one being the standard candle upon a Keates’s caudle-balance. Upon the rod, slides 
a box, with holes on each side and in front; it contains the semi-transparent paper with the 
opaque spot. The box is moved until the spot disappears, when a pointer attached to the box 
indicates on a scale the intensity of the unknown light in terms of the standard. Evans’s is a similar 
instrument, but the box is fixed, and the lights move along the bar. 

In gas-testing, one or other of these instruments is usually employed, with a great number of 
adjuncts, sncli as gas-meters, pressure-gauges, &c., &c. The gas is burnt at the rate of 5 cub. ft. 
an hour in a No. 1 Sugg’s London Argand for 14- to 16-candle gas, and in a Sugg’s No. 7 steatite 
bat’s-wing, for cannel gas. Many precautions have to be taken to correct the meter as to the rate 
of burning. Observations are taken every minute for ten minutes, and an average of the whole 
is taken as the result. A “ jet photometer ” is used as a rough and ready test in gas-works ; it 
depends on the fact that, to maintain a flame or jet at a constant height (from a given circular orifice), 
the poorer the gas in quality, the greater is the pressure of gas required. This pressure can be 
delicately measured, and, with the aid of tables, can be translated into illuminating power in candles. 

Sugg’s new ‘‘patent illuminating-power meter” depends upon an extension of this principle. 

The Dispersion Photometer. — When very intense lights, such as the oxy-hydrogen, the magne- 
siiun, or the electric, have to be compared with gas or candles, it would be very inconvenient to 
remove the stronger light to the necessary distance (50 ft. or more) from the screen. This difficulty 
has been ingeniously overcome by passing the intense light through a concave lens, thus dispersing 
if, and lessening its intensity. The curvature and focal length of the lens being known, the amount 
of dispersion is easily calculated, aud this dispersed light, with its intensity thus diminished to a 
known extent, is employed in the photometer. In the case of the electric light, it is usual to make 
two observations, one through green, the other through red glass. 

Jansen has just constructed a photographic photometer, consisting of a fiame with a sensitized 
plate, before which, and in the path of the light-rays to be measured, a screen with triangular 
perforations is made to pass. A gradation of shade, decreasing from the base of the triangles 
towards the apex, is thus obtained, and points of equal shade indicate equal intensity. It is stated 
that he has in this way been able to express the illuminatiug power of some of the stars in terms 
of that of the sun, and it is expected that he wUl be able to construct a definite solar scale, to 
which all artificial lights may be referred. 

The recent wonderful researches of Alex. Graham Bell, assisted by Tainter, upon sounds pro- 
duced when beams of light, interrupted rapidly by perforated discs revolving at high speed, fall 
upon various substances, seem to point to the possibility of constructing an instrument in which 
the different intensities of two lights will make themselves evident in differences of audible tones, 
when the rays from each of them fall upon suitably constructed receivers containing lamp-black. 
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and provided with hearing tabes to convey to the ear the sounds produced by the successive impact 
of interrupted light-rays. 

Illuminating Value . — In order to arrive at a true estimate of the actual money-value of any 
illuminating material, it is necessary to take into account not merely its light-intensity, as deter- 
mined by the photometer, but also the rate at which it burns, and its price (per lb.). There are 
therefore three variable elements, each one of which must be duly considered. If, for example, 
paraffin and stearine (or composite) candles give equal light photometrically, and 1 lb. of stearine 
candles lasts 48 hours, while 1 lb. of paraffin lasts 54 hours (146 gr. and 129 gr. per hour respec- 
tively), it is obvious that if the stearine candles cost Sd. a lb., and the paraffin cost 8|d., the 
paraffin is really the cheaper of the two, and at 9<i. would cost the same. 

Some writers throw this calculation into the form of “cost per 100 of light,” where the 100, or 
standard, is taken from a standard “ hot-oil” lamp, burning every hour 815 gr. of oil, or O' 1164 lb. 
at lid. a lb. Hence in this case, the coat per 100 of light is O' 1164 x 11 = 1 '2804(1. Com- 
paring this with a wax candle, burning 125 gr. an hour, giving only J, the light of the lamp, and 
costing 2s. 6d. or SOd. a lb., we have as the cost per 100 of light, — 

125 X 11 = 1375 gr., or O' 1964 lb. x 30 = 5'892dr. 


Proceeding in this manner. Dr. Frankland has drawn up the following tables of illuminating 
equivalents, or the quantities of different illuminating materials necessary to produce the same 


amount of light : — 

Young’s paraffin-oil 1' 00 gal. 

American petroleum. No. 1 .. 1'26 „ 

„ „ No. 2 .. 1'30 „ 

Paraffin candles 18 '60 lb. 


Sperm candles 22 ' 90 lb. 

Wax 26'40 „ 

Composite „ 29'50 „ 

Tallow „ 36-00 „ 


Taking into account the market prices of these various materials, he concludes the comparative 
cost of the light, equal to that of 20 sperm candles (each burning for 10 hours at 120 gr. an hour), 


to be : — 

«. d. 

Wax 7 2J 

Spermaceti 6 8 

Paraffin 3 10 

Tallow 2 8 

Sperm-oil 1 10 


r. d. 


American petroleum 0 6J 

Young’s paraffin-oil 0 5 

Coal-gas 0 If 

Cannel-gas 0 3 


It may be remarked, in passing, that the difference in favour of gas, as against candles, is 
very much reduced iu practice, since users of gas always habituate themselves to a much more 
inteuse light than when they employ candles. Probably the same thing will obtain, mutatis 
mutandis, when domestic electric lamps are substituted for gas. 

Taking into account the cost of material, its rate of consumption, its market price per lb., and 
its light-power, Peclet gives the following valuable table, upon the data that : — 1 pint of oil costs 
5d. ; 1 lb. tallow candles. Id. ,- 1 lb. wax candles, 2s. 2(/. ; 1 lb. stearine candles. Is. id. ; 100 ft. coal- 
gas, Id. : 100 ft. oil-gas, 2s. 3</. ; and that 1000 ft. coal-gas = 44J lb. sperm, or 51 lb. stearic acid, 
or 6J gal. colza-oil, or 5-9 gal. sperm-oil. 




ConsampiioQ 

llluTDinating 
Power : 
Careers 
Lamp = 100. 

Price of 


Cost of a 

Means of lllamiaatioD. 

Intensity of 
the Light. 

of Illu- 
minating 

100 grm. 
of lUu- 

Cost of 
the Light 

Light of 
the same 


Material per 

mmating 

per Hour. 

Intensity 



Hour. 

Matter. 

per Hour. 






d. 

d. 

d. 

Tallow candles, 6 to the lb. 

10-66 

8-5 

54-04 


1-5 

0-125 

1-169 

Wax „ 6 „ 

14-60 

9-6 

61-57 


5-0 

0-461 

3-155 

Stearine „ 5 „ 

14-40 

9-3 

66-58 


3-2 

0-298 

2-066 

Kitchen lamp 

6-65 

8-0 

33'60\ 




0-083 

1-246 

Flat-wick lamp 

12-50 

11-0 

47-50 




0-114 

0-912 

Astral lamp 

31-00 

26-7 

48-70 




0-280 

0-893 

Sinumbra lamp 

56-00 

37-1 

63-00 


1-4 


0-385 

0-687 

Inverted reservoir lamp 

90-00 

43-0 

87-8 




0-446 

0-495 

Hydrostatic lamp 

45-00 

17-26 

109-2 




0-179 

0-398 

Carcel’s lamp 

100-00 

42-00 

100-0 ) 




0-435 

0-435 

Vapour „ 

130-70 

151-00 

36*2 


1-3 

2-013 

1-207 



cub. ft. 



Per 1000 
cub. ft. 



Coal-gas 

127-00 

8-70 



7-0 

0-580 

0-456 

Oil-gas 

127-00 

2-43 



19-2 

0-630 

0-367 


(See Candles ; Gas [Coal] ; Oils— Illuminating Values.) 


W. L. C. 
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MOMENTS AND PAINT. 

^^^Pigmentas (Fb., Pigments ; G EE. , Farbeti ). — ^The term “ pigments ” is applied to those colonring 
matters which are mixed in a powdery form with oil or other vehicle for the purpose of painting. 
They differ in this respect from the dyestuffs (see Coal-tar Products, pp. 641-684, and Dyestuffs, 
pp. 854-869). Their preparation for use and their application are described hereafter in the section 
on Paint (see pp. 1M2-1556) ; the present article embraces only their origin and production. 
A very large proportion of the pigments are derived from the mineral kingdom. Organic 
colouring matters for use as pigments are mostly made in the form of “lakes,” by one of the 
three following methods : — (a) To a filtered solution of the colouring matter, is added a solu- 
tion of alum ; the whole is agitated, and the colour is precipitated by a solution of carbonate of 
potash. (6) A solution of the colouring matter is made in a weak alkaline lye, and precipitated by 
adding a solution of alum, (c) Recently-precipitated alumina is agitated with a solution of the 
colouring matter as before, until the liquid is nearly decolorized, or the alumina assumes a suffi- 
ciently deep tint. The first method is generally adopted for acidulous solutions of colouring 
matter, or those injured by alkalies ; the second, for those not injured by alkalies ; the third, for 
those whose affinity for gelatinous alumina enables them to combine with it by mere agitation. (See 
Alumina, p. 333.) 

It will he convenient to describe pigments under the heads of the chief colours, in alphabetic 
order — blacks, blues, greens, reds, whites, and yellows. 

Blacks. — See article Blacks, pp. 452-456. 

Blues. Cobalt Blue. — A mixture of 8-10 parts alumina, freshly precipitated and freed from 
water, and 1 part arseniate or phosphate of cobalt, slowly dried, and heated to dull redness. 

Paris Blue. — (a) A thorough mixture of 2 parts sulphur and 1 part dry carbonate of soda is 
gradually heated in a covered crucible to redness or till fused ; a mixture of silicate of soda and 
aluminate of soda is then sprinkled in, and the heat is continued for an hour ; the little free sulphur 
present may be washed out by water. (t>) An intimate mixture of 37 parts China-clay, 15 parts 
sulphate of soda, 22 parts carbonate of soda, 18 parts stdphnr, and 8 parts charcoal, is heated in 
large crucibles for 24-30 hours ; the mass is re-heated in cast-iron boxes at a moderate temperature 
tUl the desired tint appears, and is finally pulverized, washed, and dried, (c) Gently fuse 1075 oz. 
crystallized carbonate of soda in its water of crystallization ; shake in 5 oz. finely-pulverized orpi- 
ment, and, when partly decomposed, as much gelatinous alumina hydrate as contains 7 oz. anhy- 
drous alumina; add 100 oz. finely-sifted clay, and 221 oz. flowers of sulphur; place the whole in a 
covered crucible, and heat gently till the water is driven off, then to redness, so that the ingredients 
sinter together without fusing; the mass is tlieu cooled, finely pulverized, suspended in river-water, 
and filtered. The product is heated in a covered dish to dull redness for 1-2 hours, with occasional 
stirring. Colourless or brownish patches may occur, and must be removed. 

Prussian Blue. — (a) A solution of 2 parts alum and 1 part sulphate of iron is matle in water ; a 
solution of yellow prussiate of potash is then acidulated with sulphuric acid, and some of the first 
solution is dropped in till the precipitate falls slowly ; the latter is well washed on a filter, and 
dried. (6) Mix a solution of protosulphate of iron with one of red prussiate of potash; wash 
and dry. 

Saxon Blue. — Dissolve 1 oz. sulphate of iron and 8 oz. alum in 1 gal. water; add separate 
solutions of prussiate of potash and pearlash, imtil the precipitation ceases ; collect the precipitate 
after some time ; wash thoroughly, and dry. 

Ultramarine. — The preparation of ultramarine from the gem lapis lazuli (see Gems, p. 1042) no 
longer survives. Artificial ultramarine, of which, some 10,000 tons are made annually, is composed 
approximately of 46 '60 per cent, silica, 23-30 alumina, 3-83 sulphuric acid, 21-48 soda, 1-06 per- 
oxide of iron, and traces of lime, sulphur, and magnesia. The ingredients employed are sometimes 
China-clay, sulphate of soda, charcoal or pit-coal, and rosin ; or China-clay, soil, silica, sulphur, 
and rosin. Their proportions are a matter of secrecy, but may be deduced pretty accurately from 
the percentage composition just given. The raw materials are ground very fine, well mixed, pressed 
into muffie-fnmaces, and calcined at a red heat for 12-36 hours, or until the sulphur is nearly burnt 
off. When the firing is complete, the furnaces are closed tightly, and the material is allowed to cool, 
requiring 5-6 days. The product is green ultramarine, which is then roasted with finely-powdered 
sulphur in pans rmder the infinence of the air. After washing, it is ground in w^ mills for 
2-5 days, settled under the action of heat, repeatedly washed, classified, dried, bolted, and 
packed. 

Geeens. Baryta ffrcCTi.— Mix 2 parts caustic soda and 1 part chlorate of potash, and gradually 
add 2 parts very finely powdered manganese ; heat gradually up to dull redness, then allow to cool, 
powder, and exhaust with water ; flatter and cool, and add a solution of nitrate of baryta to the fil- 
trate. A violet-coloured baryta precipitate forms; this is carefully washed, dried, and treated with 
i-1 part of caustic baryta, hydrated, and gradually heated up to redness, with constant stirring. 
The cooled mass is powdered, and finally washed to remove any excess of baryta. . 
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Brighton Green. — Separately dissolve 7 Ib^ sulphate of copper and 3 lb. sugar of lead, each in 
5 pints water; mix the solutions, stir in 21 lb. whiting, and when the mass is dry, grind to 
powder. 

Brunswici Green. — (a) Pour 3 parts saturated solution of sal ammoniac over 2 parts copper- 
filings, contained in a vessel capable of being closed, and keep the mixture in a warm place for 
some weeks, when the newly-formed pigment is separated from the inoxidized copper by washing on 
a sieve; it is then washed with water, and slowly dried in the shade. (6) A solution of crude car- 
bonate of ammonia is added to a mixed solution of alnm and bine vitriol, as long as it affects it ; in 
a short time, the precipitate is collected, washed, and dried, (c) Lighter shades are produced by 
the addition of sulphate of baryta, or alum. 

Chrome or Guignet’s Green. — Fuse together 3 parts boracic acid and 1 part bichromate of potash 
at a dull-red heat on the hearth of a flame-furnace. This forms a borate of chromium and potash, 
with evolution of oxygen. The mass is repeatedly washed with boiling water, which causes decom- 
position, and consequent separation of hydrated oxide of chromium and a soluble borate of potash. 
The oxide is washed, and ground very fine. 

Emerald Green. — Form a paste with 1 part verdigris in sufiicient boiling water, pass it through 
a sieve to remove lumps, and gradually add it to a boiling solution of 1 part arsenious acid in 
10 parts water, the mixture being constantly stirred until the precipitate becomes a heavy granular 
powder, when it is filtered through calico, and dried. 

Manganese Green. — Intimately mix 3-4 parts caustic baryta moistened with water, 2 parts nitrate 
of baryta, and 2 parts oxide of manganese ; place in a crucible heated to dull redness, fuse, pour 
out, pulverize, digest in boiling water, wash in cold water, and dry in an atmosphere free from 
carbonic acid. 

Mountain Green. — (a) Native green carbonate or bicarbonate of copper is ground to powder, 
either with or without addition of a little orpiment or chrome yellow, (b) Add a solution of car- 
bonate of soda or potash to a hot mixed solution of alnm and sulphate of copper. 

Prussian Green. — A mixture of Prussian blue and gamboge. 

Sap Green. — (a) The juice of buckthorn berries (see Drugs, p. 795) is extracted by allowing 
them to ferment in wooden tuba for 7-8 days, and pressing and straining ; a little alum is added 
to the juice, which is evaporated down to a suitable consistence, and run into bladders to dry and 
harden. (6) Mix 11 oz. powdered arsenious acid, 1 J lb. carbonate of potash, and 1 gal. boiling water ; 
dissolve, filter, and add to another solution of 2 lb. crystallized sulphate of copper in 3 gal. water, 
producing G of pigment. 

Scheele’s Green. — Dissolve 1 part powdered white arsenic and 2 parts commercial potash in 
35 parts boiling water ; filter, and add the solution gradually, while still warm, to a filtered solution 
of 2 parts sulphate of copper, as long as a precipitate falls ; wash with warm water, aud dry. 

Vienna or Schiceinfurth Green. — (a) Dissolve 8 lb. arsenious acid in the least possible quantity 
of boiling wafer, and add it to 9-10 lb. verdigris in water at 48J° (120" F.) passed through a sieve ; 
set aside the mixed ingredients till the mutual reaction produces the desired shade. (6) Dissolve 
50 lb. sulphate of copper and 10 lb. lime in 20 gal. good vinegar, aud add a boUing-hot solution 
of 50 Ib. white arsenic as quickly as possible ; stir several times, allow to subside, collect on 
filter, dry, and powder. The supernatant liquid is employed to dissolve the arsenic for the next lot. 

Dougla^ Green. — Barium chromate is precipitated by adding to a solution of barium chloride a 
sufllcienoy of a soluble chromate to effect complete separation ; to the lemon-yellow chromate, is 
added 20 per cent, of strong sulphuric acid, which produces a deep-red by the liberation of 
chromic acid; the mass is then ground, and heated to redness, when it becomes green. 

Beds. BrazU-voood Lake. — (a) Digest 1 Ib. ground Brazil-wood in 4 gal. water for 24 hours, 
boil ^ hour, and add IJ lb. alum dissolved in a little water ; mix, decant, strain, add J lb. tin 
solution, again mix well, and filter ; to the clear liquid, cautiously add a solution of carbonate of 
soda while a precipitate forms, avoiding excess; collect, wash, and dry. The shade will vary 
according as the precipitate is collected. (f>) Add washed and recently precipitated alumina to a 
strong filtered decoction of Brazil-wood. 

Carminated Lake. — (a) The cochineal residue left in making carmine is boiled with repeated 
portions ot water till exhausted ; the liquor is mixed with that decanted off the carmine, and at 
once filtered ; some recently precipitated alumina is added, and the whole is gently heated, and 
well agitated for a short time ; as soon as the alumina has absorbed enough colour, the mixture is 
allowed to settle, the clear portion is decanted, and the lake is collected on a filter, washed, and 
dried. The decanted liquor, if still coloured, is treated with fresh alumina till exhausted, and thus 
a lake of second quality is obtained. (6) To the coloured liquor obtained from the carmine and 
cochineal as just stated, a solution of alum is added, the filtered liquor is precipitated with a 
solution of carbonate of potash, aud the lake is collected and treated as before. The colour is 
brightened by addition of tin solution. 

Carmine. — Boil 1 lb. cochineal and 4 dr. carbonate of potash in 7) gal. water for J hour. Kemove 
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from the fire, and stir in 8 dr. powdered alnm, and- allow to settle for 20-30 minntes. Ponr the 
liquid into another vessel, and mix in a strained solution of 4 dr. isinglass in 1 pint water ; when a 
skin has formed upon the surface, remove from the fire, stir rapidly, and allow to settle for i hour, 
when the deposited carmine is carefully collected, drained, and dried. 

Cochineal Lake. — (a) Digest 1 oz. coarsely powdered cochineal in 2J oz. each water and rectified 
alcohol for a week ; filter, and precipitate by adding a few drops of tin solution every 2 hours, tiU 
the whole of the colouring matter is thrown down ; wash the precipitate in distilled water, and dry. 
(6) Digest powdered cochineal in ammonia water for a week ; dilute with a little water, and add 
the liquid to a solution of alum as long as any precipitate (lake) falls, (c) BoU 1 lb. coarsely 
powdered cochineal in 2 gal. water for 1 hour ; decant, strain, add solution of 1 lb. cream of tartar, 
and precipitate with solution of alum. By adding the alum first and precipitating the lake with the 
tartar, the colour is slightly changed. 

Indian Sed. — (a) Sulphate of iron is calcined until the water of crystallization is expelled, then 
roasted by a fierce fire until acid vapours cease to arise, cooled, washed with water till the latter 
has no acid reaction, and dried. (6) Calcine 11 parts common salt with 25 parts green sulphate of 
iron ; well wash with water, dry, and powder, (c) The finest Indian red or “ crocus ” usually 
undergoes a second calcination at a higher temperature. 

Madder Lake.— (a) Tie 2 oz. madder in a cloth, beat it well in a pint of water in a stone mortar, 
and repeat the process with about 5 pints of fresh water till it ceases to yield colour ; boil the mixed 
liquor in an earthen vessel, ponr into a large basin, and add 1 oz. alum dissolved in 1 pint boiling 
water ; stir well, and gradually pour in 1 J oz. of strong solution of carbonate of potash ; let stand 
until cold, pour oflT the yellow liquor from the top, drain, agitate the residue repeatedly in 1 qt. 
boiling water, decant, drain, and dry. (6) Add a little solution of acetate of lead to a decoction of 
madder, to throw down the brown colouring matter ; filter, add solution of tin or alum, precipitate 
with solution of carbonate of soda or potash, and proceed as before, (c) Macerate 2 lb. ground 
madder in 1 gal. water for 10 minutes; strain and press quite dry; repeat a second and third time, 
and add to the mixed liquors J lb. alum dissolved in 3 qt. water ; heat in water-bath for 3-4 hours, 
adding water as it evaporates ; filter first through flannel, and when cold enough through paper : 
add solution of carbonate of soda as long as precipitate falls ; wash the latter till the water comes 
oflF colourless, and dry. 

Sed Chalk or Seddle. — An earthy red hssmatite, found in all countries and most geological 
formations. 

Bed-lead. — This is prepared on the large scale by the oxidation of metallic lead in a reverberatory 
furnace with two fire hearths covered by an arched roof, situated at the extreme end, separated 
from the middle hearth, in which the lead lies, by fire-bridges, and fed with coke. The lead, about 
10 per cent, being hard, is worked about by an iron tool as soon as melted, the “massicot” or 
protoxide formed being constantly pushed to the side. The temperature must be kept at low 
redness, or the oxide will melt. The treatment is sustained for 24 hours ; the massicot is then 
removed, ground, and levigated, and again exposed in the furnace to the same heat for 48 hours, or 
till it exhibits a bright-red colour on cooling. The furnace is then closed, and allowed to cool as 
slowly as it wUl. The product is “ minium ” or “ red-lead.” 

Vermilion. — (a) Melt 1 part sulphur, and gradually add 5-6 parts mercury, continuing the heat 
till the mixture swells up ; then cover the vessel, remove it from the fire, and when the contents 
are cold, reduce to powder, and sublime in a closed vessel, so placed in a furnace that the flames 
reach about half the height. Gradual ly increase the heat till the lower part of the subliming-vessel 
becomes red-hot ; break the cold sublimate, grind in water to fine powder, sift, and dry. It is a 
black sulphide of mercury. This, reduced to powder, and sublimed, gives a filamentous mass of 
violet hue, appearing scarlet on trituration. (6) Grind together 300 parts mercmry and 114 parts 
flowers of sulphur for some hours, and gradually add 75 parts caustic potash dissolved in 450 parts 
water ; continue the grinding for some time longer, and gently heat the mixture in an iron vessel, 
^ first stirring constantly, afterwards at intervals, keeping the temperature as nearly as possible at 
46° (115° F.), and renewing the water as evaporated. When reddening commences, increased care 
is needed, and when the colour is nearly fine, the heat must be maintained at a lower degree till a 
rich colour is produced. Every precaution must be taken against inhaling the vapours, (c) To a 
mixture of 4 parts hyj^ulphite of soda and 4 parts sulphate of zinc in dilute solution, add drop by 
drop a solution containing 1 part corrosive sublimate. Heat the whole gently for 60 hours at 
45°-55° (112°-130° F.). 

Whites. Alum White.— Dtj mix 2 lb. powdered alum, 1 lb. honey ; powder, calcine to white- 
ness in a shallow dish, cool, wash, and dry. 

Chinese White. — Mix finely-ground zinc white into a cream with mucilage of gum traoucanth 
grinding with a glass muller. 

Permanent Precipitate sulphate of barium from the chloride by adding dflute sulphuric 

acid. 
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Spanish While. — The softest and purest white chalk, elutriated, balled, and dried. 

Sulphate of Lead, — Precipitate the pigment by adding dilute sulphuric acid to an acetic or nitric 
acid solution of litharge ; wash and dry. The clear liquid may he used indefinitely. 

Ground chalk, balled and dried. 

White-lead. — White-lead or carbonate of lead is made by placing metallic lead in contact with 
acetic acid in open earthenware vessels, and covered with tan, a number of these vessels forming a 
“stack,” and the whole remaining thus for about 11 weeks, when the lead becomes completely 
carbonized. The stack is then pulled down, and the carbonate of lead is ground and dried. Many 
mixtures of white-lead and chalk are sold under fanciful and misleading names. 

Wilkinson’s White. — Litharge is ground with sea- water till it ceases to whiten, and is then washed 
and dried. 

Zinc White (GrifBths’). — Chloride or sulphate of zinc is precipitated by means of a soluble 
sulphide — sodium, barium, and calcium sulphides have been used — and precautions are taken that 
no iron present is precipitated. The precipitate is collected, dried, and calcined for some time at 
cherry-red heat, with careful stirring. It is raked out while hot into vats of cold water, then 
levigated and dried. It is an oxysulphide of zinc. 

Yellows. Chrome Yellow. — (u) Add a filtered solution of nitrate or acetate of lead to a filtered 
solution of neutral chromate of potash so long as a precipitate falls ; collect this, wash with soft 
water, and dry in security from sulphur-tainted air. (6) Dissolve acetate of lead in warm water, 
and add sufficient sulphuric acid to convert it into sulphate ; decant the clear liquid, wash the 
residue with soft water, and digest with agitation in a hot solution of yellow (neutral) chromate of 
potash, containing I part of this salt for every 3 parts sulphate of lead ; decant the liquid, and 
drain, wash, and dry the precipitate. 

Gamboge (Fn., Gomme Gutte ; Ger., Gutti, Gammigutt). — Gamboge is a product of several trees of 
E. Asia : viz., Garcinia Morelia var. P. pedicellata [G. Hanburyi], a native of Cambodia, the province 
of Chantibun in Siam, the islands on the E. coast of the Gulf of Siam, and the S. parts of Cochin 
China ; G. Morelia, growing in the moist forests of Ceylon and S. India ; and G. pictoria, of S. India, 
by some considered identical with G. Morelia. G. iravancorica, of the southern forests of Travancore 
and the Tinnevelly Ghats, is capable of affording small supplies of the pigment for local use, but 
not for export. (See also Eesinous and Gummy Substances — Gamboge.) 

When the rainy season has set in, parties of natives start in search of gamboge-trees, and select 
those which are sufficiently matured. A spiral incision is made in the bark on two sides of the tree, 
and joints of bamboo are placed at the base of the incision so as to catch the gum-resin as it exudes 
with extreme slowness during a period of several months. It issues as a yellowish fluid, but 
gradually assumes a viscous and finally a solid state in the bamboo receptacle. It is very eommonly 
adulterated with rice-flour, aud the powdered bark of the tree, but the latter imparts a greenish 
tint. Sand is occasionally added. The product from a good tree may fill three bamboo joints, 
each 18-20 in. long and 1 J in. in diameter. The trees flourish on both high and low land. Annual 
tapping is said to shorten their lives, but if the gum-resin is only drawn in alternate years, the 
trees do not seem to suffer, and last for many years. Dr. Jamie, of Singapore, who has gamboge- 
trees growing on his estate, says that they flourish most luxuriantly in the dense jungles. He 
considers the best time for cutting to be February— April. The filled bamboos are rotated near a 
fire till the moisture in the gamboge has evaporated sufficiently to permit the bamboo to be stripped 
from the hardened gum-resin. The gamboge is secreted by the tree chiefly in numerous ducts in 
the middle layer of the bark, besides a little in the dotted vessels of the outermost layer of the 
wood, and in the pith. It arrives in commerce in the form of cylinders, 4-8 in. long and 1-2J in. in 
diameter, often more or less rendered shapeless. When good, it is dense, homogeneous, brittle, 
showing conchoidal fracture, scarcely translucent, and of rich brownish-orange colour. Inferior 
qualities show rough, granular fracture, and brownish hue, and are sometimes still soft. The 
p'gment consists of a mixture of 15-20 per cent, gum with 85-80 per cent, resin. It reaches 
Europe from Cambodia by way of Bangkok, Saigon, and Singapore. The exports from 
Singapore in 1877 were 240 piculs (of 133^ lb.); from Bangkok in 1875, 346 piculs-, from 
Saigon aimually, 30-40 piculs. Saigon, in 1879, received 27 piculs, valued at 12^ a cwt., from 
Cambodia. 

Naples Yellow. — (a) Mix 3 lb. powdered metallic antimony, 1 lb. oxide of zinc, and 2 lb. red-lead ; 
calcine, grind fine, and fuse in a closed crucible ; grind the fused mass to fine powder, and wash 
well. (6) Grind 1 part washed antimony with 2 parts red-lead to a stiff paste with water, aud 
expose to red heat for 4-5 hours. 

Orpiment or King’s Yellow and Realgar. — See pp. 339-340. 

Yellow Lakes. — (a) Boil 1 lb. Persian berries, qnercitron*hark, or turmeric, and 1 oz. cream of 
tartar, in 1 gal. water till reduced to half ; strain the decoction, and precipitate by solution of alum. 
(6) Boil 1 lb. of the dyestuff with J lb. alum in 1 gal. water, and precipitate by solution 6f carbonate 
of potash, (c) Boil 4 oz. annatto and 12 oz. pearlasb in 1 gal. water for i hour ; strain, precipitate 
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by adding 1 lb. alojn dissolved in 1 gal. water till it ceases to produce effervescence or a precipitate ; 
strain, and dry. 

Paint (Fb., Peinture; Geb., Anstrichfarbe). — Paint” consists essentially of two parts, (1) the 
vehicle or medium, and (2) the pigment (see Pigments). In the case of oU-paints, a third substance 
becomes necessary, to facilitate the drying or solidification of the vehicle ; this is termed a “ drier.” 
A perfect vehicle should miv readily with the pigment, forming a mass of about the consistency of 
treacle. It should itself be colourless, and have no chemical action upon the pigments with which 
it is mixed. When spread out in a thin layer upon a non-porous substance, it should solidify, 
and form a film not liable to subsequent disintegration or decay, and suflSciently elastic to resist a 
slight concussion. 

Unfortunately, we possess no vehicle which complies with all these conditions ; those which 
most nearly approach them are the drying oils (see Oils and Fatty Substances, p. 1467). The use 
of oil in painting is said to have been invented in the 14th century, and, in a short time, it reached 
a considerable degree of perfection. We have only to compare a van Eyck with a painting by a 
modem master, Turner, for instance, to see that even the best of recent painters have not succeeded 
in giving to their works that durability which the originators of the method attained. All organic 
substances are liable to a more or less rapid oxidation, especially if exposed to light and heat. Oil 
is no exception to this rule ; but it seems that, in its pure state, it is much more durable than when 
mixed with other substanees. Although ground-nut- and poppy-oils (see pp. 1391, 1409) are 
sometimes employed by artists where freedom from colour is essential, yet linseed-oil (see p. 1393) 
is the vehicle of by 6ir the larger proportion of paint used both for artistic and general purposes. 

Oil-paint appears to have been unknown to the ancients, who used various vehicles, chiefly of 
animal origin. , One of these, which was in high repute at Rome, was the white of eggs beaten with 
twigs of the fig-tree. No doubt the indiarubber contained in the milky juice exuding from the 
twigs contributed to tbe elasticity of the film resulting from the drying of this vehicle. Pliny was 
aware of the fact that when glue is dissolved in vinegar and allowed to dry, it is less soluble than 
in its original state. Many suggestions have been neade in modern times for vehicles in which glue 
or size plays an important part. In order to render it insoluble, various chemicals have been added 
to its solution, such as tannin, alum, and a chromic salt. None of these vehicles, however useful 
for special purposes, has become sufficiently well known to warrant description here. 

Linseed-oil, to be suitable for painting, must dry well. The test described in the article on 
Floorcloth (see p. 1002) will indicate whether this be the case or not. Another reliable test is to cover 
a piece of glass with a film of the raw oil, and to expose it to a temperature of about 38° (100° F.). 
The time which the film requires to solidify is a measure of the quality of the oil. If the oil has 
been extracted from unripe or impure seed, the surface of the test-glass will remain “ tacky ” 
or sticky for some time, and the same will happen if the oil under examination has heen adulterated 
with either an a nima l or vegetable non-drying oil. 

Until recently, linseed-oil was frequently adulterated with cotton-seed-oil (seep. 1385), extracted 
from the waste seeds of tbe cotton-plant. Where the admixture was considerable, it could easily be 
detected by the sharp, acrid taste of the cotton-seed-oiL Now, however, means have been found for 
removing this disagreeable taste, and the consequence has been that cotton-seed-oil is so largely 
used for adulterating olive-oil, or as a substitute for it, that its price has risen above that of lins^- 
oil. Another adulterant which is rather difficult to detect is rosin. Oil containing this substance 
is thick, and darker in colour than pure oil. When the proportion of rosin is considerable, its 
presence may be ascertained by heating a film of the oU upon a metallic plate, when the charac- 
teristic smell of burning rosin will be perceptible. When the percentage of rosin is too small for 
detection in this manner, a film of the oil should be spread upon glass and allowed to dry. When 
quite hard, the film should be scraped off, and treated with cold turpentine, which will dissolve any 
rosin which may be present, without materially affecting the oxidized oil. The presence of rosin 
may also be detected by the following simple chemical test. The oil is boiled for a few 
minutes with a small quantity of alcohol (sp. gr. 0-9), and is allowed to stand until the alcohol 
becomes clear. The supernatant liquid is then poured off, and treated with an alcoholic solution 
of acetate of lead. If the oil be pure, there will bo bnt a very slight turbidity, while the presence 
of rosin causes a dense flocculent precipitate. Should linseed-oil be adulterated with a non-drying 
oil, it will remain sticky for months, when spread out in a thin fi lm upon glass or any other non- 
absorbent substance. 

The sp. gr. of Unseed-oil is, in some cases, of value in estimating its quality ; but, as the varia- 
tions are slight, it would be difficult to detect them in so thick a liquid by means of an ordinary 
hydrometer. A simple method of obtaining an approximate result is to procure a sample of oil of 
known good quality, and to colour it with an aniline dye. A drop of this tinted oil will, when 
placed in the oil to be tested, indicate, by its sinking or swimming, the relative density of the liquid 
under examination. Freshly-extracted linseed-oil is unfit for matog paint. It contains water and 
organic impurities, respecting the composition of which little is known, and which are generally 
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ieimed " mncilage.” By storing the oil in tanks for a long time, the water and the greater part of 
the impurities are precipitated, forming at the bottom 6f the cistern a pasty mass known as “ foots.” 
To accelerate the purification of the oil, and to remove at least a portion of the colouring matter, 
various methods are in use. The action of sulphuric acid upon linseed-oil is not so favourable as 
upon other oils. It is, however, sometimes employed, in the proportion of 2 parts of a mixture of 
equal volumes of commercial sulphuric acid and water to 100 parts of oil. The dilute acid is 
poured gradually into the oU, and the mixture is violently agitated for several hours. It is then 
run into tanks, and allowed to settle. A concentrated solution of chloride of zinc has been 
substituted for sulphuric acid in the proportion of about 1} per cent, of the weight of the oil. When 
the reaction is complete, steam or warm water is admitted into the liquid, in order to clarify it. 
(Ml treated in this way loses a considerable proportion of the colouring matter which it originally 
contained. When the oil is to be used for white paint, it is sometimes bleached by exposing it to 
the action of light. On a large scale, this is done by placing it in shallow troughs, lined with lead 
and covered with glass. The lead itself appears to have some influence upon the bleaching of the 
oil, for the decoloration is not so rapid if the troughs be lined with zinc. For small quantities, a 
shallow tray of white porcelain or earthenware, similar to those in use for photographic purposes, 
gives very good results, the white surface increasing the photo-chemical action. It is not quite 
clear whether the presence of water accelerates the bleaching of oil by this method ; some manu- 
facturers consider its presence necessary, others omit it. Various salts are added to the water, the 
one most in use being copperas. (See also Oils and Fatty Substances, p. 1461.) However the oil 
may have been prepared, it will, if kept for a long time, deposit a sediment. At first, this contains 
mncilage ; but the sediment from old oil consists chiefly of the products of decomposition of the oil 
itself. The presence of oxygen is not necessary for this decomposition ; but it is increased by the 
action of light. Baw linseed-oil dries more slowly than boiled ; but the resulting film is more 
brilliant and durable. Baw and boiled oil are therefore usnally mixed in proportions varying 
according to the time which can be allowed for the paint to dry, or to the properties required of the 
film. For the ordinary kinds of paint, equal parts of boiled and raw oils are customary. Linseed- 
oil heated to a temperature of 176i°-204i° (350°-400° F.) dries much more rapidly than in its raw 
state. The maximum of drying power is, however, obtained by the addition of certain metallic 
oxides, which not only part with some of their own oxygen to the oil, but also act as carriers 
between the atmospheric oxygen and the heated liquid. This heating of the oil with oxides is 
known as boiling, although the liquid is not volatilized without decomposition, as is the case with 
water. At about 260° (500° F.), bubbles begin to rise in the oil, producing acrid, white fumes on 
coming into contact with the air. The gas thus given off consists chiefly of vapour of acrolein 
mingled with carbonic oxide. There is no advantage in heating the oil to a higher temperature 
than 176}° (350° F.). Accurate experiments have shown that the drying properties of the oil are 
not increased by heating it beyond this point, while its colour is considerably darkened. For the 
finer qualities of boiled oils, it is essential that the raw oil should have been stored for some time, so 
that it may be free from mncilage. This mucUage is the chief source of the dark colour of some 
boiled oils: when heated, it forms a brown substance, which is soluble in the oil itself, and 
extremely difficult to remove. The oxides usually added to the oU during boiling are Utbarge or 
red-lead, the former being preferred on account of its lower price. About 2-5 per cent, by weight 
of the oxides or driers is gradually stirred into the oil after it has been slowly raised to a temperature 
of about 149° (300° F.). The stirring should be continued until the litharge is dissolved, or it would 
cake on the bottom of the pan, and cause the oil to bum. Litharge may even be reduced to a 
cake of metallic lead when the fire is brisk. Some pans are furnished with stirrers and gearing by 
which the latter can be worked, either by hand or steam. The material of which the pans are 
made is either wrought- or cast-iron. Copper pans are sometimes used with the object of improving 
the colour of the oil. Little is known respecting the chemical reactions which take place during the 
boiling of oil. Even when the air is excluded during the process, the drying properties are greatly 
increased, and, if boiled long enough, the oil is converted into a solid substance. The loss of weight 
which ensues is dependent upon the temperature, and the time during which the operation continues. 
It is less when the air is freely admitted than if the pan is covered with a hood. The vapours 
given off by the oU are of an extremely irritating charsicter, and should be destroyed by passing 
them through a furnace. As their mixture with air in certain proportions is explosive, this furnace 
should be situated at some distance, and the gases be conducted into it by means of an earthenware 
pipe. (See also Oils and Fatty Substances, p. 1449.) 

T. Holmes’ apparatus for grinding pigments is shown in Figs. 1099 and 1100. The granite 
roller A revolves against a feed-roUer B, travelling in the opposite direction, and at a lower speed, 
by which means, A feeds itself with the material to be ground. The roller A also works against a 
concave granite block D, to which is communicated a slow reciprocating motion in a direction 
parallel with the axis of the roller, thus assisting the grinding and equalizing the wear. A 
“ doctor ” cleans the surface of A as the pigment accumulates upon it. Brinjcs and Goodwin’s 

5 G 



1554 


PIGMENTS AND PAINT. 


maohine is shown in Figs. 1101, 1102, an4 1103. The oil and pigments having been measnred or 
weighed, are placed in the trough h. This is provided with stirrers, similar to those in a png- 
mill, which are driven by means of the pulley I, m being a loose pulley ; by shifting the strap 
on to this, the machine can be stopped at once. When the oil has been thoroughly incorporated 
with the pigment, the mixture is allowed to run through the spout g on the roller a. Working' 

1099 . 1100 . 



agam'st a, is a second roller 6, and this in its turn bears upon a third roller c. In order to prevent 
the grooving of the faces of the rollers, which always takes place when they revolve in the same 
plane, there is an arrangement by which' a slight lateral motion is communicated to b, in addition 
to the rotary motion. A pin fixed upon the rigid bracket h works in the grooved cam i, which is 
keyed on the shaft of the roller 6. The grinding power of the machine is considerably increased 
by this modification. The rollers are worked from the pulley d ; the loose pulley e receives the 

1101 . 1102 . 



strap when a pause in the working of the machine becomes necessary. The details of the con- 
struction of the grinding-machine are given in Fig. 1103. The rollers a 6 c are constructed of 
granite or porcelain ; for fine grinding, the latter substance is preferable. They are adjusted by 
means of the screws g h. These are furnished with spiral springs, so that should a nail or other 
hard substance get between the rollers, these can rise in their bearings, letting the nail fall 
down at the back. The “ doctor ” or scraper / removes the paint from the surface of the roller c; 
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a b are' also provided with smaller scrapers, which remove any paint that may cake npon their 
snrfaces. Where extreme fineness is requisite, the paint is again passed through the machine, and 
this operation is sometimes repeated several times. 

In working these or any other form of grinding-rollers, great care must be taken to clean them 
thoroughly immediately after use. If the paint be allowed to dry npon the surface of the rollers 
it is difficult of removal, and 
interferes with the perfect 
action of the machine. Should 
the working parts become 
cl(^ged with solidified oil, a 
strong solution of caustic soda 
or potash wUl remove it. By 
means of the same solutions, 
porcelain rollers may be kept 
quite white, even if used for 
mixing coloured painta Al- 
though tlie colour of most pig- 
ments is improved by grinding 
them finely in oil, yet there are 
some which suffer in intensity 
when their size of grain is re- 
duced. Chrome red, for in- 
stance, owes its deep colour to 
the crystals of which it is 
composed, and when these are 
reduced to extremely fine frag- 
ments, the colour is consider- 
ably modified. 

When paint is not intended for immediate use, it is packed in metallic kegs. The construction 
of these, as made by B. Noakes & Co., is shown in Pig. 1104. For exportation to hot climates, the 
rim of the lid is sometimes soldered down, a practice which effectually prevents access of atmo- 
spheric oxygen. White-lead paint is frequently packed in wooden kegs ; these prevent the dis- 
coloration sometimes caused by the metal of iron kegs. When paint is 
.mixed ready for use, it will, if exposed to the air, become covered with a 
skin, which soon attains sufficient thickness to exclude the atmospheric 
oxygen, and prevent any farther solidification of the oil. The paint may be 
still better protected by pouring water over it, or it may be placed in air- 
tight cans. If it has been allowed to stand for some time, it must be well 
stirred before using, as the pigments have a tendency not only to separate 
from the oU, but also to settle down according to their specific gravity. 

Of whatever nature the surface may be to which the paiut is to be applied, 
great care must be taken that it is perfectly dry. Wood especially, even 
when apparently dry, may on a damp day contain as much as 20 per cent, 
of moisture. A film of paint applied to the surface of wood in thU condition 
prevents the moisture from escaping, and it remains enclosed until a warm 
sun or artificial heat converts it into vapour, which raises the paint and causes blisters. Moisture 
enclosed between two coats of paint has the same effect. Paint rarely blisters when applied to 
wood from which old paint has been burnt off ; this is probably due to the drying of the wood 
during the operation of burning. The first coat of paint applied to any surface is termed the 
“ priming-coat.” It usually consists of red-lead and boiled and raw linseed-oil. Experience has 
shown that such a priming not only dries quickly itself, but also accelerates the drying of the next 
coat. The latter action must be attributed to the oxygen contained in the red-lead, only a small 
portion of which is absorbed by the oil with which it is mixed. The drying of paint is to a great 
extent dependent npon the temperature. At a temperature beiow the freezing-point of water 
paint will remain wet for weeks, even when mixed with a considerable proportion of driers ; while 
if exposed to a heat of 49° (120° F.), the same paint will become solid in a few hours. The drying 
of paint being a process of oxidation, and not evaporation, it is essential that a good supply of fresh 
air should be provided. When a film of fresh paint is placed with a certain quantity of air in a 
closed vessel, it does not absorb the whole of the oxygen present ; but after a time, the drying 
process is arrested, and the remaining oxygen appears to have become inert. Considerable 
quantities of volatile vapours are given off during the drying of paint; these are due to the 
decomposition of the oU. When the paint has been thinned down by means of turpentine, the 
whole of this liquid evaporates on exposure to the air. There must, therefore, be a plentiful access 
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of air, both to remoye the ya^nrs formed, and to afford a firesh supply of active oxygen. The 
presence of moisture in the air is rather beneficial than injorions at this stage. Especially in the 
case of paints mixed mth varnish, moist air appears to counteract the tendency to crack or shrink. 
Under the erroneons impression that the drying of paint is a species of evaporation, open fires are 
sometimes kept up in &eshly-painted rooms. It is only when the temperature is very low, that 
any benefit can rrault &om this practice ; as a rule, it rather retards than hastens the solidification 
of the oil, which cannot take place rapidly in an atmosphere laden with carbonic acid. The first 
coat of paint should be thoroughly dry before the second is applied. Acrylic acid is formed during 
the oxidation of linseed-oil, and unless this be allowed to evaporate, it may subsequently liberate 
carbonic acid &om the white-lead present in most paints, and give rise to blisters. Sometimes a 
second priming-coat is given ; but usually the second coat applied contains the pigment. This, 
as soon as dry, is again covered by another coat, and subsequently by two or more finishing-coats, 
according to the nature of the work. Before the first coat is applied to wood, all holes should 
be filled up. The filling usually employed is ordinary putty. This, however, sometimes consists 
of whiting ground up with oil foots of a non-drying character. When the films of paint are dry, 
the oil from the putty exudes to the surface, causing a stain. The best filling for ordinary 
purposes is whiting ground to a paste with boQed linseed-oil. For finer work, and for filling 
cnicks, red-lead mixed with the same vehicle may be employed. There is no advantage in laying 
on the paint too thickly. A thick film takes longer to dry thoroughly than two thin films of the 
same aggregate thickness. Paint is thinned down or diluted with linseed-oil or turpentine. The 
latter liquid, when used in excess, causes the paint to dry with a dull surface, and has an injurious 
effect upon its stability. Sometimes the last coat of paint is mixed with varnish, in order to give 
it greater brilliancy. In this case, special care must be taken that the previous coats have 
thoroughly solidified, or cracks in the final coat may subsequently appear. The same remark 
applies when the surface of the paint is varnished. The turpentine with which the varnish is 
mixed has a powerful action upon the oil contained in the paint, if the latter is not thoroughly 
oxidized. The exterior of the paint is thus softened, and the varnish is enabled to shrink and 
crack, especially in warm weather. 

The method of applying paint by means of brushes is too well known to need description j 
but a few words as to the proper treatment of the brushes may not be superfluous. The bristles 
are frequently fastened together by means of glue or size, which is not perceptibly acted upon 
by oil, and if brought into contact with this liquid alone, there would be no complaints of loose 
hairs coming out and spoiling the work. It is a common practice to leave the brushes in a paint- 
pot, in which the paint is covered with water to keep it from drying. The brushes are certainly, 
kept soft and pliant in this way ; but at the same time the glue is softened, and the bristles come 
out as soon as the brush is used. After use, brushes should be cleaned, and placed in linseed-oil 
until again required, when they will be found in good condition. Treated in this way, they will 
wear so much better that the little additional trouble entailed is amply repaid. 

W. F. B. 


POTTKBT (Fa., Puteriej Ger., Topferaaare), 

The order in which the branches of the subject will be treated is as follows : —Definition and 
General principles ; Baw Materials and their Preparation ; Throwing-wheels and Lathes ; Kilns or 
Ovens, and Muffles; the various Wares — Fire-ware, Stone-ware, Earthen- ware. Terra-cotta, Tiles, 
Fprcelain, and China ; Processes of Decoration. 

Definition and General Principles. — Every ware made of clay, or of a mixture in which clay 
is the chief ingredient, and hardened by heat, may be regarded as a species of “ pottery.” There 
are many varieties of clay (see Clay, pp. 635-40), all of which have been formed by lie disintegration 
of felspathic and silicions rocks, and consist of hydrous aluminic sUicate mixed with small and 
varying proportions of other materials derived from the same sources. A clay adapted to the 
manufacture of pottery must be plastic, and must become hard under the influence of heat 
Plasticity is an attribute of hydrous alnminic silicate, and is developed by the mechanical mixture 
of this body with a limited quantity of water. Clay is insoluble in water, but may be diffused 
through it in a state of extreme subdivision, and regains plasticity when the excess of water is 
removed. If a clay be exposed to a high temperature, artificially produced, and be rendered 
anhydrous by the removal of water previously held in chemical combination, it can never regain 
plaiidty by mechanical mixture with water. 

Hardening is produced (1) by the removrf of water mechanically mixed with the clay, (2) by the 
removal of water, and sometimes of carbonic acid, chemically combined with the clay, (3) by the 
closer juxtaposition of the particles ot the clay, due to the fusion of a part of the ingredients. Some 
clays, when exposed to the full heat of a pottery-kiln, fuse readily throughout their substance, owing 
to the presence of other materials in addition to the alnminic silicate. Aluminic silicate is by itself 
practically infusible, but when exposed to an intense heat in the presence of free silica, together 



POTTEEY. 


1557 


with calcic, sodic, potassic, magnesic, ferric, or ferrous oxides, it unites, wholly or in part, with the 
silicates formed from these ingredients, to create a readily fusible glass. Most natural clays 
contain free hydrous silica, together with one or more of the oxides mentioned, and the quantity of 
alnminic silicate which can be rendered fusible is determined by the quantity of silicate-forming 
ingredients incorporated with it. Felspar, which is a natural glass, and from whose decomposition, 
certain clays are formed, is built up of equivalent parts of aluminio silicate and of potassic, sodic, or 
calcic silicate. The fusibility of a clay is greater or less as its composition approaches or recedes 
from the proportions observable in felspar. 

Solidification necessarily implies contraction. Pure alnminic silicate, when artificially heated, 
shrinks excessively, and splits into fragments. The purest clays are the most infusible, and at the 
same time are the most liable to fracture and distortion under the influence of heat. Very few clays 
in their natural state are free from intermixture with iron. The form in which iron commonly 
appears is that of the yellow or brown hydrous ferric oxide. The presence of iron in an unburnt 
clay is often concealed by organic colouring matter ; but exposure to a moderate heat destroys the 
organic matter, and discovers the pink or red colour of the anhydrous ferric oxide. 

Certain impure natural clays may be employed in the manufacture of the coarsest descriptions 
of pottery, coherency being produced either by the plasticity of the clay and the simple removal of 
mechanically mixed water, as is the case in oriental sun-baked ware ; or by the removal of both 
mechanically and chemically mixed water, together with the incipient fusion of part of the 
ingredients, provided these results are attained at a low temperature. Besistance to high tempera- 
tures, regularity of form, impermeability, purity of colour, and translucency can only be gained by 
the use of mixtures so constituted that the qualities, which are not supplied by the natural clay> 
are yielded by materials artificially introduced. A perfect mixture must be sufficiently plastic, 
when water is added, to facilitate manipulation ; sufficiently infusible to resist collapse by fusion, 
when exposed to the heat requisite to produce hardness; sufficiently stable to resist excessive 
shrinkage and distortion ; sufficiently fusible to become impermeable, and, in some cases, trans- 
lucent ; and snfficiently free from iron when the colour obtained from iron is not wanted, to be 
colourless or almost colourless after burning. A mixture for pottery is at the best a well-balanced 
mechanical arrangement, and cannot be regarded or represented as a chemical compound. 

The value of the separate materials depends as mueh upop physical aggregation as upon 
chemical composition, and their qiulities must be determined both by analysis and by direct 
experiment Analyses and experiments must be constantly repeated, inasmuch as the materials 
consist principally of natural products, and not of artificially produced chemicals. As the mixtures 
for difierent wares must vary according as the physical or chemical natures of the raw materials 
vary, recipes and even analyses of wares are of little practical use. For white or light eoloured 
goods, as well as for those intended to withstand high temperatures, pure clays are used. The 
distortion and fracture, due to excessive or irregpilar shrinkage, to which wares made from pure 
clays are especially liable, may be considerably reduced by the introduction of an infusible 
anhydrous substance, in such proportion as not to interfere materially with the plasticity of the clay. 
The substances employed are, for common ware, sand or a proportion of a grittier and less fusible 
clay : for fire-ware, graphite or burnt fire-clay ; for domestic and sanitary ware, calcined flint ; and 
for ornamental ware, baric sulphate or calcic phosphate. If a mixture be manipulated in a state of 
liquidity, and the resultant ware be brought to a vitreous condition by heat, the total shrinkage 
may amount to as much as 30 per cent. If wares are required to be impermeable or translucent, 
the infusibility of a pure clay, and the increase of infusibUity caused by the introduction of an 
infusible foreign substance, must be compensated by the addition of a proportion of a glass-forming 
material of felspathio nature. By varying the proportion of this ingredient, wares may be obtained 
in every stage between porosity and translucency, and proportionately differing from or resembling 
glass in their physical properties. 

The nature of wares depends in a great measure upon the temperature to which they are 
exposed. With a gradually increasing temperature, the same mixture may successively assume 
the texture and character of sun-baked ware, terra-cotta, stone-ware, porcelain, and glass. Intense 
and prolonged heat will convert the external crust of a Stourbridge-clay (see Clay) crucible into 
translucent porcelain. In artificial mixtures, the proportion of glass-forming ingredients is 
purposely kept so low that the surface of the ware, even after exposure to the full heat of the kiln, 
remains rough and absorbent. For most decorative, domestic, and sanitary purposes, it is necessary 
to cover this surface with a smooth, non-absorbent film ; this result is practically gained by covering 
the snrffice of the ware with an extremely thin layer of glass. For certain common wares, whose 
composition renders them unfitted to resist a high temperature, and which would otherwise remain 
porous and incoherent, a film of glass serves the double purpose of a glaze and a bond. 

Wares are coloured by metallic oxides. The common red, brown, and yellow tints are due to 
ferric oxide, whether naturally present or artificially introduced. The colours which may be 
obtained by the use of iron compounds depend upon the temperature to which the wares are 
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exposed, the atmosphere in which they are burnt, and the constituents of the ware. If the 
temperature be low, and free access of air he permitted, the ware is tinted by the natural colour of 
the anhydrous ferric oxide ; if, however, there be present an excess of calcic or magnesic oxides, the 
tints are greatly modified. If organic matter be pr^ut in large quantity, or if the ware be exposed 
to a strongly reducing atmosphere, the ware may be tinted black or grey, owing to the conversion 
of the ferric into magnetic oxide. At a high temperature, in an oxidizing atmosphere, and in the 
presence of glass-forming materials, the substance of the ware will be tinted yellow by the colour of 
the glass with which the ferric oxide has combined. If, however, the ferric oxide be reduced to the 
ferrous condition, the ware will be tinted green. All the metallic oxides which are used for colouring 
glass (see Glass, pp. 1083-4) may be used for pottery. If the temperature be low, or if no glass be 
formed in the ware, it will be coloured by the natural colour of the anhydrous oxide ; if, on the 
other hand, the temperature be high, and if a glass be formed, the ware will receive the same 
colour as a gloss would receive under similar circumstances. Advantage is taken of this fact to 
neutralize, by the addition of a minute trace of cobaltic oxide, the tints produced by ferric or ferrous 
oxides. The infusible substances introduced into mixtures in order to reduce shrinkage, being 
generally of a white colour, heighten the whiteness of the wares produced. 

For all manipulative processes, it is necessary to reduce the raw materials to a fine state of sub- 
division, either by grinding, or by diffusion in water. Wares whose ditferent ingredients have been 
reduced to different degrees of fineness, even though the difference be imperceptible, are rendered 
more solid, and are better fitted to resist the temperature of the kiln, as well as the changes of 
temperature to which they may be afterwards exposed. Wares are produced from suitable mixtures 
(1) in the state of dry or slightly moistened powder, (2) in a plastic condition, (3) in a liquid state. 
In all processes of manipulation, care must be taken that the body of the ware be homogeneous 
throughout. Inequality of pressure, by disturbing the homogeneity of the substance, is a fruitful 
source of disfigurement and fracture. Although no trace of irregularity may be apparent in the 
unbnrnt ware, it will, if present, be discovered by the ordeal of fire. After manipulation, wares are 
gradually dried, and solidified by exposure to heat in suitably-constructed kUns. Glazing and the 
different processes of decoration generally require one or more additional firings. 

The average proportion of fusible to infusible ingredients in different wares is approximately 
illustrated in the following tabla.of the results of analyses : — 
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Eaw Materials. — The materials used in the manufacture of pottery may be divided into four 
classes : — (I) Plastic clays ; (II) glass-forming materials, used either in the body or the glaze ; 
(III) indifferent substances ; (IV) colouring agents. 

Class I. — Kaolin, Cornish or China clay (see p. 635) ; artificial Cornish clay of Belleek (see 
p. 639) : Fire-clay (see p. 638). 

The “blue,” “ball,” or “pottery” clay of Dorsetshire and Devonshire is highly plastic. The upper 
beds of this clay frequently contain a large proportion of sand, and furnish a body which, without 
further admixture, is suited for the manufacture of ordinary stone-ware. The finest quality of the 
clay is found at a considerable depth ; it is of a uniform blue-grey colour due to organic matter, is 
unctuous, and free from grit ; it mixes with water with some difSculty ; when treated with acids, no 
effervescence takes place ; when subjected to a moderate heat, it becomes white, hard, and but 
slightly absorbent ; with an intense heat, it is rendered so hard as to resist scratching with a steel 
point, assumes a yellow tint, and becomes non-absorbent. There is but a t ri fling proportion of iron 
intimately mixed with the clay, although nodules of pyrites are of common occurrence ; the free 
silica present in the chiy is in a state of exceedingly fine division. 
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Preparation of Clays. — All clays, after extraction, are heaped np in the open, and exposed to the 
weather for as long a period as possihle. Lengthened exposnre tends to disintegrate the mass of 
the clay, and it is certain that ware containing clay which has been long exposed, is less liable to 
shrinkage than if the clay has been mixed with the other ingredients of the ware without previous 
exposure. In China and in France, it is customary to preserve the prepared mixtures for a long 
period; whereas in England, directly the clay has been incorporated with the other necessary 
substances, the mixture is 1105 . 

considered ready for use. 

Fire-clay and the dry sandy 
clay derived from the upper 
strata of the blue-clay de- 
posits, are prepared for use 
by grinding ; kaolin and 
superior blue clay, by dif- 
fusion in water. The mills 
employed for grinding dry 
clays resemble ordinary 
mortar-mills. Difliision is 
effected by stirring the 
masses of clay in tanks of 
water, by means of paddles 
worked by hand or ma- 
chinery. The process of mixing the clay and water is known as “ blunging,” and the machines in 
which the process takes place, as “ blungers.” The simplest form of machine-blunger is a hori- 
zontal wheel, with paddles attached to the circumference, revolving in a round or octagonal pan. 
Power is communicated to the shaft of 
the wheel from beneath by suitable 
gearing. Fig. 1105 represents three 
blungers ABC, intended respectively 
for ball-clay, kaolin, and “shavings” 
of unbumt ware (which represent the 
plastic constituents of earthenware), 
driven as described. Agitation may be 
increased by fixing projecting per- 
forated arms to the inside wall of the 
pan, against and through which the clay 
is driven by the revolution of the 
paddles. The most recent form of 
blunger consists of an octagonal cast- 
iron pan, — the octagonal form aiding 
the process of disintegration, — with a 
circular casting to ward off the ma- 
terial from the bearings of a central 
spindle. To the spindle, are fixed six 
oblique blades, arranged in accordance 
with the principle of an archimedean 
screw. When water and clay have 
been introduced, and the spindle has 
been set in motion, the clay is gradually raised to the level of the topmost blade, where it is 
dashed against splash-boards, and thrown to the bottom of the pan, to be once more raised and 
rejected, until such time as the mixture is complete. Fig. 1106 is a view of three communicating 
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Unngera driven ftom the centre. The pans are so arranged that the mixtnie is forced to paaa 
snccessively from one to the other, by which means, friction and agitation of the mixture are 
increased. 

Class IT. Glass-forming Materials.— Felspar, which may be regarded as a natural type of a glass 
(tbe potassium felspar being represented approximately by the formula KjO, Al,Oj, 6 SiOj), is 
used both as a glaze and as a glass-forming ingredient in the body of ^roelain. It is generally 

obtained from Sweden, in masses of a salmon-red colour. It becomes white when ralcmed. 

Cornish stone is used for almost aU English wares, both in the body and the gtoe : ^ ® 

granite, in which the constituent felspar' has been partially decomposed, but which retains sufficient 
alkaline silicate to render the mass 


llOJ. 



fusible. It is quarried at St. 

Stephen’s, in Cornwall, whence 
some of the best English kaolin is 
also derived. Pegmatite is a form 
of the same rock, but in a more' 
advanced stage of disintegration ; 
whereas granite consists of inter- 
mixed crystals of quartz, mica, and 
felspar, pegmatite retains no mica, 
and but a trifling proportion of 
quartz. Felspar, Cornish stone, and 
pegmatite are exceedingly hard, and 
are ground and diffused in water by 
mills of peculiar construction, illus- 
trated in Figs. 1107-8. Fig. 1107 
is a vertical, and Fig. 1108 a hori- 
zontal section of the mill ; the ex- 
ternal wronght-iron case or pan A is 
protected from injury from the grind- 
ing stones by an internal ring ; B is 
tbe floor-level, and P is the shaft 
driven from below. The base of the 
pan is paved with blocks of chert, 
and the pavement slopes from the 
circumference towards the central 
shaft. To the shaft, are bolted, by 
the bolts B, the curved arms S. The 
shape of the arms F G is shown in 
Fig. 1107 ; to these, and to a con- 
necting-bar M, tbe boards C are 
fiustened, as shown at K. Blocks of 
chert H are chained to these boards, 
and are carried round by the arms. 

When the substance to be ground 
and the water have been introduced 
into the pan, and motion has been 
communicated to the shaft, grinding 
takes place between the contiguous 
surfaces of the blocks and the pave- 
ment. 

To the glass-forming ingredients 
already mentioned, most be added tbe 
carbonate and oxide of lead, sand, 
borax, and the carbonates of sodium 
and potassium. 

Class III. Indifferent Substances which do not contribute Plasticity or Translocency. — Flint 
are obtained from the upper strata of the chalk. Those nodules are preferred which are black, 
compact, and free frran iron and incrustation. When exposed to an intense heat, flint bums to a 
pure white. The whiteness and stability of the calcined flint are availed offer neutralizing the 
colour and contraction inherent to clay. Calcination is effected in a kiln mmilar to that represented 
in section in Fig. 1109 : A is the ground level, with the chimney or cone rising from it ; P, the 
charging-door ; B, the grate for supporting tbe layers of coal and flint introduced through the door 
P ; B, the stoke-hole. Tbe calcined flints are removed by withdrawing tbe bars of &e grate B. 
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The masses of caleined flint are reduced to powder in a “ stamping-mill ” or a “ crusher.” The former 
consists of a row of vertical, heavily-weighted, iron clubs or stamps, with projections on their upper 
extremities. These projections are successively caught and released by cogs fixed at intervals upon 
the surface of a horizontally-revolving cylinder ; each stamp is raised and allowed to fall as its 
projection is caught by or released from a cog, and the flint introduced beneath is gradually pul- 
verized by its descent. The crusher shown in section in Fig. 1110 
grinds successive charges of flint between its iron jaws H J. 

The jaws are opened and shut by mechanism represented in 
the flgme. The flint, reduced to a coarse powder, requires to 
be reground and mixed with water in a null with stone runners, 
whence the mixture issues as a pure white creamy liquid. 

Bone-ash (calcic phosphate) is obtained by the calcination of 
bones, those being preferred which contain the smallest pro- 
portion of oxide of iron. The bones are generally freed from 
grease by boiling (see p. 1449), and calcined in the same manner 
as flint. In some cases, however, the grease is allowed to re- 
main in the bones, and to act as an auxiliary fuel. Calcination 
is considered complete when the bones are perfectly white, and 
adhere to the tongue. They are crushed and ground with 
water. Bone-ash is the characteristic ingredient of English 
china. 

Graphite is used in combination with fire-clay, for the 
manufacture of crucibles, and other apparatus employed in 
metallurgical operations (see Graphite, pp. 1087-93). 

Class IV. Colouring Agents. — These are exclusively me- 
tallic oxides and metals (see under Decorative Processes, 
p. 1597). 



Thbowinq-wheels and Lathes. — The essential part of a throwing-wheel is a horizontal disc, 
rigidly fixed to a vertical spindle. Eotary motion may be communicated to the spindle in a variety 
of ways. Fig. 1111 represents probably the oldest form of throwing-wheel not turned actually by 
the thrower’s hand. The large wheel a is turned by an assistant, and communicates a vertical 


motion to the driving- 
band b. By turning 
the band, vertical 
motion is converted 
into horizontal motion 
for driving the pulley 
d rigidly attached to 
the lower part of the 
spindle. A pedal c is 
shown, which is rmder 
the control of the 
thrower’s foot, and 
which impends over the 
driving - band. The 
pulley is conical, and 
by depressing the 
pedal, and conse- 
quently the band, the 
thrower can, to a cer- 
tain extent, regulate 
thespeedof the spindle, 
and can stop it alto- 
gether by throwing the 
band off the pulley. 
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The speed, however, is 


mainly regulated by signs and words addressed by the thrower to his assistant. Fig. 1112 shows a 
wheel which is turned by the pressure of the thrower’s foot upon a large horizontal wheel, rigidly 
attached.to the lower ptit of the spindle. 

Pigs. 1113, 1114 show respectively a throwing-wheel, and a moulding-wheel or jigger-head, 
both driven by steam power, and in both of which the speed is regulated on the same principle. 
In Fig. 1113, motion is communicated to the pulley G by a band running upon an overhead drum, 
which is driven by a stotm-engine placed in any convenient position ; G revolves in a perpendicular 
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plane, and commnnieates Bimilsr motion to the large solid wheel D throngh the ® t 

friction-wheel, which is in contact with the wheel D, and rigidly attached to the spm^e B, ^c 
turns the disc C. H can be verticaUy raised or lowered over the face of the wheel D, by the^ , 
turning on the axis L. and counterpoised by thrf weight S. The thrower sits on the ^me A ; the 
motion of the wheel D in contact with the friction-wheel H causes the spindle and disc to revolve. 


Ull. 



By depressing the weight 8, the friction-wheel can be raised into a position opposite to the centre of 
the wheel B, and inasmuch as the speed in the centre of a wheel is less than at its circumference, the 
speed of the disc may be reduced. In the same manner, by raising the weight, the speed of the disc 
can be increased. In Fig. 1114, C is the jigger-head, and M is a stirrup, into which the operator can 
insert his foot, and depress or raise the rod K. The other letters represent the same parts as in 
Fig. 1113. In Fig. 1115, a throwing-wheel is shown without any seat for the thrower; but his 
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position is such that he can place one foot on the treadle A, which gives an oscillating motion to 
the ciaie B, which is driven by a pulley rigidly attached to its shaft, as shown. When B, which 
is revolving, is shifted from its vertical position, it comes into contact with the cone C, which is 
fixed to, the spindle of the throwing- wheel. The friction of the cone B against the cone 0, causes 
the latter to revolve. The cone B is always at the same speed, but the speed of the cone 0, and 
consequently of the spindle and disc, can be varied at the thrower’s pleasure. If the displacement 
of the cone B be so slight that only its small end comes into contact with the big end of C, the 
motion of the spindle will be slow ; but if the displacement be increased so that the large end of B 
comes into contact with the small end of C, the velocity of the spindle will be greatly increased. 

Fig. 1116 represents a lathe, whose speed is regulated upon the same principle as that just 
described. On the lathe-spindle, are fixed two cones, and running loose on a shaft parallel to it, are 
two other cones, revolving in opposite directions, and driven by pulleys. When the shaft is 
exactly parallel to the lathe-spindle, the two sets of cones are distinct, and no motion is communi- 
cated ; but when the shaft, together with the loose cones, is turned at a slight angle to the lathe- 
spindle, which is accomplished by means of an arrangement of levers under the control of the 
turner's foot, either cone can be brought into contact, and the speed be varied at will. The old 
system of applying moticm to the turner’s lathe, and one which unfortunately is still in vogue, is 
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by measB of a large treadle worked by an assistant, who is nsnally a young woman. In modem 
potteries, the wheels, lathes, and jiggers are, as far as possible, so arranged that they can all be 
driven by one endless band, passing round the whole building in which they are placed, and driven 
by steam power. The band may be either above or below the floor. 

Kilns on Ovens, and Muffles. — The two important processes for which ovens are required 
are (1) the hardening of ware, and (2) the fixing of glaze upon its surface. Wares, after manipu- 
lation, and a preparatory course of 
drying, are inserted in deep fire- 
clay trays (“ saggers ”), which are 
piled up in columns on the floor of 
the oven. After exposure to the 
heat of the oven, the ware is found 
to be hard, but, at the same time, 
porous in greater or less degree, 
and possessing a surface which is 
rough and usually absorbent. An 
absorptive or rough surface is well 
suited to receive certain forma of 
decoration, and especially the 
glaze which is applied in a liquid 
state. The arrangement of an 
oven for firing the glaze is similar 
to that used for hardening the 
ware, and differs only in size, the 
hardening-oven being consider- 
ably larger. The latter is techni- 
cally termed the “ biscuit-oven,” 
and the ware after burning is said 
to be “biscuit- ware;” whereas the oven for firing the glaze is generally called the “glost-oven. 
In the glost-oven, the interstices between the saggers are luted with plastic clay. The old- 
fashioned biscuitr or glost-oven consists mainly of a dome, situated within a large oouM chimney 
or “ hoveL” Bound the base of the dome, or oven proper, project 8-12 fire-places, with ash-pits 
sunk below the level of the ground-line. The fire-places are charged from above, and the open- 
ings for charging can be closed at wilL The flame and heat from each fire-place enter the oven by 
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two flues, the one vertical, the other horizontal ; dampers inserted in the outside walls of the vertical 
flues regulate the introduction of air. The horizontal flues pass under the floor of the oven, and 
* converge to a vertical common central flue, by which the heat enters the oven. The smoke and 
products of combustion pass through openings in the upper part of the dome, into the chimney or 
hovel which surrounds it In Kobey's oven, the flame and htat enter by hoiizontal flues con- 
verging to a central opening in the floor, but the dome being closed during the process of flnng, 
they are reflected back upon the saggers, and the products of combustion pass away by apertures 
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iu the floor between the central opening and flie wall of the oven, these apertures commnnicatiiig 
witix a circnW flue, which discha^es itself into tax external chimney'^lmft 

Figs. 1117 to 1119 illustrate the construction of Minton's intent oven. The figures represent 
respectively a vertical section of the oven, a horizontal section through the fire-places and the under- 
ground horizontal flues, and a section of an upright flue where it meets the irial-holes. The grate- 
bars a have temporary brick partitions to prevent the fuel falling into the ash-pit e ; h are the doors by 

which the fnel is introdnced ; c, the fire-places and vertical 
flues by which the flame is directed towards the upper part 
of the oven /. The vent m being closed, the heat is re- 
flected- to the floor g, and the products of combustion, 
passing through several openings in the floor A, into the 
horizontal flues t, escape through the vertical flues/, into 
an upper chamber », and thence into the atmosphere 
by the chimney A. The small openings m above the 
charging-doors act as dampers for regulating the ad- 
mission of air, necessary to ensure complete combustion. 
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through the Sre-places, and through the crown of the OTen, showing the apertures or ports, of an 
ordinary up-Kiraught salt-glaze oven. In Figs, 1124 to 1126, arrangements are shown by which an 
np-dranght oven may be converted into a down-draught oven. The burning-chamber a is enclosed 
at the top by the arch 6, the apertures in which have been closed by tiles, but may be opened for 
the introduction of salt ; c are the fire-places, the flame entering the oven indirectly through the 
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small apertures in the vertical flues c. Fire-clay blocks, placed on end on the floor of the oven to 
support the ware, are so arranged as to leave intervals for the escape of the reflected gases into the 
underground horizontal flues /, whence they escape througli tlie two horizontal flues g into the flue », 
which enters the chimney above a valve e, so as to allow the space D to be used for a drying-room 
or for burning terra-cotta. 

Figs. 1127, 1128, and 1129 illustrate the application of the principle of Siemens’ gns-fomaces to 
the burning of pottery. Fig, 1127 shows a longitudinal section through four connected ovens ; Fig. 
1128, a sectional plan of the same; and Fig. 1129, a transverse section of the fourth oven. The 
objects represented in the ovens are bricks, but pottery can be burnt with equal facility. The four 
ovens A* A* A’ A‘ are connected with the gas-generator, the air, and the chimney, in the following 
manner. The bottom of A* communicates with the top of A* through the passage a ' ; the bottom 
of A* with the top of A* by a’ ; the bottom of A’ with the top of A* through the passage a’ ; and 
the bottom of A* with top of A' by passages x and a*. Slides c’-c* for dampers are provided 
in each of the passages a'-a*, but there is only one damper for all the four passages, and it is 
consecutively placed in each. An underground flue B* (Fig. 1129) passes from the gas-generator 
along the front of all four ovens, before each of which it opens into the vertical shafts D'-D*, 
which are closed at the top, and from which, branch the pipes E‘-E*. These pipes enter the 
centre of the side of each oven, and branches «*-«< on the same also enter into the passages 
already mentioned. All these branches ate provided with valves, actuated by the levers 
by means of which, the gas can either be admitted through the passages o'-u* into the top of 
the oven, or through the branches E*-E* into the middle of the ovens, or the gas can be shut 
off altogether. When the ovens are filled with ware to be burnt, tubes F*-F^, with perforations, 
are placed in them, in such a position that the gas, when entering the ovens through the pipes 
E'-E*, passes into these tubes, and is thus more equally distributed. Each of the ovens is also 
provided with an aperture G'-G* at the bottom, connecting it, by means of a branch, with the 
flue H conducting to the chimney-^aft ; each of the openings can be closed by dampers g‘-g*. 
A large opening I*-B is provided at the top of each oven, for the purpose of fflling and 
emptying it ; each of these is temporarily bricked up when the oven is at work, but the one being 
open where the oven is being charged, admits air to assist combustion of gas in the oven that is 
being fired. If ware in A' is being fired, and A* has been recently filled, and is being heated pre- 
paratory to firing, and A’ is being emptied and filled afresh, and A* has been fired and is cooling, 
then the action throughout is as follows. All the passages firom the gas-generator to the ovens 
are closed, except e* ; the damper will be placed in passage o’, and all communications with the 
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flue H leading to the chimney will be dosed except G* ; gas enters at the top of A’ thiongh ; at 
the same time air enters thiongh the open oxen A*, passes through A*, and becomes considerably 
Seated ; then passing through the passage X to the oven A', it mixes with the gas, and causes com- 

1124. 112S. 




bustion. The products of combustion pass 
through a* to the top of oven A’, thence 
through opening G into flue H conducting 
to the chimney. Each oven is charged, 
fired, and cooled in rotation. To focilitate 
the circulation of the heat, the wares or 
saggers are placed upon fire-clay blocks /, 
separated by suitable spaces. 

Continuous firing may be attained by 
causing the base of an oven to pass through 
fixed zones, in which the ware on the base 
of the oven is successively warmed, fired, 
and cooled. For this purpose, the oven is 
annular in form, and is heated by gas on 
the regenerative principle. Fig. 1130 is a 
vertical section, and Fig. 1131 a plan, of 
the annular oven. In Fig. 1130, T, is the 
annular floor or table, having a refractory 
facing, and being mounted on wheels t, 
which run on circular rails. On the 
under side of the table T, is a rack, gemng with a wheel on a shaft W, by turning which 
the table is caused to revolve in the direction of the arrow (Fig. 1131 ). The wheels and 
axles of the table are protected from excessive heat by flanges attached to the sides of the table. 
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and dipping into trongbs of sand «. The annular chamber in which the table revolves is 
divided into four zones, namely, one for introducing or removing the ware, one for warming, one 
for burning, and one for cooling the ware before removal. The wariping and cooling zones are 
interchangeable by means of two sets of apertures p, through either of which the gas and air can bo 



introduced at will. If the gas and air enter by the apertures on the right, the flame sweeps 
through the heating zone X, and the products of combustion escape through the apertures on the 
left, and heat the regenerator with which they are connected. When the left regenerator is 
heated, and the right regenerator connected with the apertures on the right is cooled, the gas is 



introduced by the apertures on the left, and the products of combustion pass into the right 
regenerator. Whilst the flame passes from right to left in the zone X, the adjacent zone is heated 
by opening the fine Z, and drawing part of the flame in that direction, the adjacent zone being 
in this way converted into a wanning zone; wliereas when the flame passes in an opposite direc- 
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tion, and the floe Y is opened, the zone about T is oonverted into the warming zone, and the zone 
abont Z into the cooling zone. The wanning and cooling zones are separated horn the cold zone 
O by means of sliding valves M. Ware to be bnrnt is placed upon the part of the table O, the 
valves M are raised, and the table conveys the ware away from O. As the table is caused gradnally 
to revolve, fresh wares are introduced, and hornt wares are removed at O. At each movement of the 
table, both the valves M require to be raised. 

^ Closed Kilns or Muffles, — ^Bi8cuit.ware is very commonly printed with a colour mixed with a 
medium of a dense oily nature. This oil must be removed from the ware before the liquid glaze can 
bo evenly spread upon its surface. The removal is effected by placing the ware in a closed chamber 
or muffle, beneath and around which, heat is directed by flues suitably disposed. This process is 
known techmcally as ** hardening on,” and the kiln nsed for this purpose as a haTdening.on 
kiln,” A smaller muffle and kiln constructed on the same principle is nsed for fixing enamel, 



painting, gilding, silvering, and other forms of applied 
decoration to the surface of a glazed ,ware. The wares 
in either case are placed in the muffles without saggers 
or other protection, tlie fronts of the muffles, which are 
removable, are replaced, and all openings are luted with 
fire.clay, except such as are necessary for observing the 
course of the fire. 

The manager of the Boyal 'Worcester China-works 



has patented an arrangement for heating a small muffle by means of the ordinaiy town gas supply. 
A series of tubes c (Fig. H32) is connected with the main, and terminates in groups of burners • the 
heat from each group is received into a separate compartment e, formed under the bed of the 
muffle h, a being the outer waU of the kUn. The heat &om the separate compartments e is 
conducted by separate flues, passing in various directions about the muffle, into a cniT.,r.r.,. chimney 
above. ^ 

Fig. 1133 shows two or more kilrs containing muffles connected with a central chimney-stalk: 
A is a muffle built of overlapped tiles ; B, the kiln in which the muffle rests, showing the ports 
for directing the flame and heat from the fire-place beneath to play upon various parts of the 
muffle ; C D, auxiliary fines ; E, the main flue passing into the central shaft H ; F Y, dampers • 
I, the entrance to the shaft for the stokers, as the fire-places are charged from within the shaft 

Although it is impossible to divide pottery into accurately distinct species, it wUl be convenient 
to classify the different kinds of ware in the following manner : — 

l. Wares rendered coherent by the removal of the water mechanically combined— Sun-baked 
wares. 

II. Wares hardened and rendered anhydrous by artificial heat, but the porosity of which is 
unaffected, owing to the infusibility of the ingredients — Crucibles, Saggers. 

m. Wares fired at a comparatively low temperature, and porous iri texture— Bricks, Majolica 

Terra-cotta, Drain-pipes. ^ ’ 

IV. Wares fired at a high temperature, and dense in texture, but perfectly opaque— Stone-ware 
Earthenware. ’ 


V. Wares rendered tr^lucent by the fusion of an incorporated felspathic glass— English china, 
Parian ware, true Porcelain. ° 
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Ptte-ware.— In selecting clays for the manufacture of fire-ware, particular attention must be 
paid both to their chemical nature and to their physical aggregation. Fire-wares are required 
mainly for three purposes;— (1) To withstand great alternations of temperature, as in the cases of 
sagprs ; (2) to resist intense heat, without shrinkage or fusion, and, at the same time, to retain heat 
with as little loss as possible, as in the case of furnace-bricks; (3) to resist an intense external heat, 

1133 . 



accompanied by the internal corrosion of metals or other substances in a state of fusion, as in the 
case of crucibles. The refractoriness of a fire-clay may be estimated by the result of an analysis. 
If the proportion of foreign matter, that is to say of the alkaline, calcic, magnesic, and ferric oxides' 
exceed 4J per cent., the clay is unsuitable for furnace-bricks or crucibles. No faith must be placed 
in the colour of a fire clay, as the appearance of whiteness may be due to an excess of calcic oxide. 
The relative shrinkage of a sample of fire-clay, whether by withdrawal of moisture or by fusion is a 
point demanding particular consideration in the selection of clay for the manufacture of furnace- 
bricks and crucibles ; it is best determined by making a brick of the clay under examination 
breaking it in half, and burning one half whilst retaining the other for comparison. If the burnt 
and unbumt halves fit together exactly, the sample may be pronounced satisfactory. The liability 
to corrosion is best determined by making small experimental crucibles of the clay, and fusino’ in 
them such substances as borax and plumbic oxide. If the corrosion in a given time be excessive 
the clay must be condemned as unfit for metallurgical purposes. The importance of physical 
aggregation rests upon the fact that a coarse, porous, brittle ware withstands changes of tempera- 
ture better than a dense one ; whereas a smooth, dense ware is better fitted to withstand corrosion 
and to retain heat. A clay is rendered naturally porous by the presence of an excess of sand • 
the same result, however, may be attained or increased artificially by coarse grinding, and by the 
addition of the coarse powder of burnt, broken, fire-clay ware, or of a foreign refractory or infusible 
substance, such as graphite. 

Saggers— Saggi-is are not required to withstand a very intense temperature for prolonged 
periods, nor the corrosive action of fused material ; the economy, however, of a manufactory depends 
in some measure upon the possibility of using them several times, and upon their withstanding, 
without breaking, repeated heating, cooling, and reheating. As the saggers in a kiln are piled in 
columns, the result of the breakage of one sagger during firing may be disastrous. Considerable 
care is therefore expended upon the selection and preparation of fire-clays for sagger-making 
but their purity is inferior to the fire-clay used for crucibles and fire-bricks. The mixture 
generally employed consists of inferior fire-clays, together with a proportion of the powder of 
broken burnt saggers. 

The fire-clays, after arriving at the works, are exposed in heaps to “ weather ” for as long a time 
as possible (see Clay— Fire-clay, p. 639). When required for use, the clay and broken saggers are 
coarsely ground under iron wheels working upon an iron revolving base. The mixture is then 
thrown through a grating into a circular underground tank containing water, and is crushed and 
mixed with the water by the revolution of a horizontal -bladed wheel. When the liquid mixture 
has been tested, and found to be sufficiently dense, it is run through a long imperceptibly-slopin<» 
trough, in order that the coarser grit and particles of iron may be precipitated by gravitation and 
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be intercepted by depressions arranged in the trongh at regular intervals. Prom the trough, the 
mixture passes into a steam-jacketed iron tank, in which it is reduced by evaporation to a suitable 
consistency for manipulation. The surplus heat from the tank is utilized in the drying-rooms. 

The plastic clay is removed from the evaporating-tank, and, in order to ensure a close-grained 
and tenacious mass, is either repeatedly rolled and beaten by manual labour, or passed through a 
mill (“pug-mill”), in which it is mixed, pressed, and kneaded by the revolution of a cylinder 
armed with splayed knives, and from which it is finally driven in a continuous compact stream of 
the exact form of the orifice from which it issues. The stream of clay is cut into blocks, which are 
carried wherever they are needed for manipulation. 

Saggers are manufactured in different ways, according to the different purposes for which they 
are intended. They may be moulded by hand on large potters’ wheels, or whirling-tables, in the 
same manner as deep hollow ware is formed, or the bases and sides may be formed separately. The 
bases are formed by beating the plastic clay into iron rings of the same shape, but of larger 
circumference than that of the saggers of which they are to form part. 

The sides of small saggers may be made from lengths out from a cylinder issuing from the 
annular opening of an expressing-machine (compare Stone-ware), and may be cemented by liquid 
slip on to bases formed as described. The sides of large saggers are formed from strips of the clay 
mixture which have passed under a roller-press. The press consists of three parallel iron cylinders, 
supported so as to impend over a movable iron table. The blocks of clay are placed in shallow 
troughs of varying width, resting upon the iron table. The table can be moved backwards and 
forwards beneath the cylinders, and carries with it the troughs and their contents. The cylinders 
are caused to revolve by the resistance offered by the clay, which, at the same time, is evenly 
spread and compressed. The depth of the troughs forms a gauge for the thickness of the clay. 
The strips of compressed ch>y are now removed, and wound round wooden drums, which rest upon 
the sagger bases, but in such a manner as to leave a margin to which the sides can be attached. 
The side is attached to the base by kneading with liquid slip, and the edges are united in the same 
manner. The saggers thus formed are dried and baked. 

Fire-bricks . — The consideration of the manufacture of fire-bricks and shaped blocks for the con- 
struction of furnaces hardly falls within the scope of this article. Suffice it to say, that the im- 
portance of non-liability to shrinkage in ware of this description rests upon the fact that the 
greater part, and especially the crowns and beds, of furnaces intended to resist intense and pro- 
longed heat, are built of green or unbaked material. (See Glass, p. 1049 ; also Spons’ Dictionary 
of Engineering, article Brick.) 

Crucibles . — Crucibles are generally formed from a mixture of almost pure fire-clay (compare 
analyses, p. 1559), with a greater or less proportion of fire-clay specially burned for the purpose, 
or of the powder of ground broken crucibles. The burnt clay is always coarser than the raw, 
fire-clay. Crucibles, and especially large crucibles for melting glass, are built up layer by layer 
by hand (see Glass, p. 1046). Crucibles of various sizes are made on the wheel, and by machinery. 
Machinery is largely used at the works of the Battersea Plumbago Crucible Co. The processes 
there employed are as follow. A graphite is selected which is as free from foreign matter as 
possible. The fire-clay and graphite are dried and ground separately ; they are then weighed 
and mixed in nearly equal proportions. The mixture, incorporated with a small quantity of water, 
is passed through a pug-mill, and the stream of compressed and plastic material, as it issues from 
the mill, is cut into blocks and stored for future use. 

When required for use, it is again passed through the pug-mill, and the blocks are kneaded 
and weighed, preparatory to working up in the machine represented in Fig. 1134, which is used 
in the manufacture of open crucibles for metallurgical operations. A heap of prepared clay is 
weighed, and inserted in a plaster mould o, which rests in, and is caused to revolve by, an iron 
cup p, attached to a spindle, to which, motion is communicated from beneath. A gimlet-shaped 
tool a, fitted to a block b, can be depressed into the clay by means of a horizontal frame, balanced 
by weights K. The block b, together with the tool a, can be moved horizontally in the frames by 
means of a handle g and threaded rod. The frame can be maintained in any desired position by 
a catch n. When the frame is fixed, and the mould is caused to rotate, the tool a, by turning the 
handle g, is moved horizontally, and spreads the clay against the wall of the mould j by this 
means, the form of the interior of the vessel is given by the tool, whilst that of the exterior is pro- 
duced by pressure against the internal surface of the mould. By varying the forms of the tool and 
mould, variously shaped vessels may be produced. When the vessel has been fashioned, and the 
motion checked, the tool is moved into the centre of the vessel by turning the handle g, the 
frame with the tool is raised, and the mould with the vessel inside it is removed to a drying-room 
by means of a suitably-constructed crane. The crucibles are burnt in saggers or mufides. In order 
to prevent absorption of moisture and dirt during storage, they are often coated with a waterproof 
paint, or with an- enamel which is permanently fixed by firing. 

Stone-ware.— There are two very distinct species of stone-ware, the type of the one being 
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an ordinary glazed dram-pii)e, whilst the type of the other is a vase of decorated Doulton ware. 
The materials and treatment of both are similar, although not identical ; and both types may 
generally be seen in course of manufacture at the same works. Stone-ware is always dense, 
refractory, and opaque ; the finer qualities resist corrosion by acids, and extreme changes of tempe- 
rature, and, in some cases, are semi-vitreous, and capable of receiving coloured decoration. The 
basis of all stone-ware is the grey-coloured ball-clay from Dorsetshire and Devonshire, and espe- 
cially those qualities containing a considerable proportion of sand. For common ware, a mixture 
is made of the ground 


ball-clay, with the pow- 
der of burnt broken 
goods : for fine and deco- 
rative purposes, a supe- 
rior quality of the ball- 
clay is mixed with sand 
or flint and Cornish 
stone. The colour of the 
ordinary stone- ware, after 
burning, is buff passing 
into brown ; whereas that 
of superior stone-ware is 
almost white. The ma- 
jority of stone-ware is 
glazed by the indirect 
reaction of the vapour of 
sodic chloride with the 
constituents of the sur- 
face of the ware. The 
exceptions are Bristol 
ware, glazed with a mix- 
ture of felspar, borax, 
and plumbic oxide ; cer- 
tain common goods, 
which are glazed with 
mixtures of the oxides or 
sulphides of lead and 
iron, or with the oxide of 
manganese ; wares glazed 
over by means of a 
“ smear ” (compare De- 
coration) ; and Wedg- 
wood’s jasper ware, which 
is vitreous, and possesses 
a naturally crystalline 
surface. 

By the term “stone- 
ware,” salt-glazed ware 
is generally understood. 
Salt-glazed stone-ware is 
fired for biscuit, glaze, 
and decoration, when 
decoration is applied, at 
one time. All forms of 
decoration must be ap- 
plied to the ware before 
burning (see Decoration). 
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For a description of stone-ware kilns, see pp. 1565-6. The fuel generally nsed is coal, and the 
ware is exposed to the naked fiame, without any protection. The difiSculty of preparing colours for 
stone-ware decoration, which are stable enough to withstand this ordeal, can readily be understood. 
The heat of a stone-ware kiln is intense, and it is customary to bum terra-cotta, which is made 
from the same materials as stone-ware, on the roof or crown of the stone-ware kiln. Terra-cotta 


differs from stone-ware in its condition of solidification, which is less perfect, on account of the 
comparatively low temperature to which it is exposed. The unbaked stone-ware, preparatory to 
being exposed to the sodic chloride vapour in a salt-glaze kiln, is dipped in a mixture of sand and 
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water. After the ware has been arranged, the fires are raised gradually. The salt (sodic 
chloride) is not introduced until 2§-4 days from first lighting, when the ware has nearly attained 
its highest temperature. Salt is thrown into the kiln with shovels at the fire-places, and through 
openings in the crown arranged for the purpose. The total charge of salt for an average-sized 
kiln is about 2 cwt. When half the charge has been thrown in, the fires are increased for a 
time, specimens of the ware are then examined, and if the inspection be satisfactory, the residue 
is added. The openings in the crown are now closed, and the ware is left to cool for 4-6 days. 
The injection of the salt causes dense white fiunes of salt vapour tainted with hydrochloric acid to 
issue from the cone of the kiln. At Doulton's works, the fumes from all the kilns are gathered 
into and discharged from a chimney some 300 ft. high. By this means, all real nuisance is 
obviated. 

The theory of salt-glazing rests upon the decomposition of salt vapour by water vapour. As 
the salt is volatilized, it , unites with the water vapour arising from the combustion of the fuel, 
to form hydrochloric acid and sodic hydrate ; the latter unites with the free silica in and on the 
surface of the ware, to form sodic silicate. The sodic silicate renders fusible a small proportion 
of the aluminic silicate of the body of the ware, and unites with it to produce a glass or glaze 
built up of the sodic and aluminic silicates. This glaze answers in composition to the glaze of 
Chinese and Shvres porcelain; but it is more evenly spread, and, if possible, more thoroughly 
incorporated. If ferric oxide be present in the body of the ware, or if, as sometimes happens, red- 
lead be introduced into the kiln with the salt, ferric and plumbic silicates will respectively be 
formed, and will contribute to the fusibility of the glaze. A pore clay body is less readily glazed 
by the salt-glaze process than one containing free silica, alkalies, and ferric oxide ; by the latter, 
if an appreciable quantity be present, the glaze will be tinted buff or brown. The scorched 
appearance, which may sometimes be observed on pieces of stone-ware, is due to the reaction of the 
salt vapour being in some way accidentally interrupted. 

Manufacture of Common Stone-urare by “ Expression .” — Drain-pipes, roofing-tiles, perforated 
bricks, and similar articles, are produced by mechanical pressure. The processes are as follow. 
The ball-clay and burnt broken ware are separately ground under pairs of iron edge-runners. A 
scraper follows the runners, and drags the ground clay over an iron grating, through which the 
fine powder falls, the coarser particles being thrown back for rcgrinding. From the receptacle 
beneath the grating, the ground ball-clay is removed, and carried upwards in open pockets 
attached to an endless band moved by machinery. As the pockets turn to descend, the powder 
is thrown into a blunger, where it is incorporated with a small quantity of water, and a measured 
proportion of the ground burnt clay. The mixture is removed from the blunger, and supplied to 
a vertical pug-mill, by the knives of which, it is compressed, and forced downwards and outwards. 
The ^ream of prepared mixture is cut into blocks, and the blocks are carried by an endless band, 
fitted with shelves, to an upper floor, where they are stored for use. The expressing-machine 
occupies two floors, and the feeder is upon the upper floor, to which the blocks of clay are carried 
direct from the pug-mill. The principle 
of an expressing-machine in its simplest 
form is illustrated by Fig. 1135. The 
plunger and part of the cylinder in which 
it moves are represented. The clay can 
be introduced into the cylinder immedi- 
ately below the plunger, and the door by 
which it is inserted can be securely closed ; 
as the plunger, which moves airtight in 
the cylinder, is caused to descend, it com- 
pels the clay beneath it to assume the 
form of any resisting environment ; and, 
if there be an opening, to assume its out- 
line, and to stream through it so that a 
section of any part of the stream has the 
same outline as that of the aperture 
through which it has passed. If the 
aperture be a simple slit, the clay issues 
as a ribbon. Eoofing-tUes are made by cutting into lengths a ribbon produced as described, 
placing the separate lengths whibt still plastic upon plaster moulds of the form which the tiles 
are required to possess, and baking them when dry. If the aperture be annular, the clay issues 
from it as a continuous hollow pipe. In order to form a perfect annular opening, it is necessary 
to support a core in the centre of the main opening, and in such a way that the supports shall not 
interfere with the continuity of the resultant pipe. The core e is attached to the base of the 
cylinder by the supports a. The cylinder is enlarged below the attachment of the supports, in 
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order to allow the reeonsolidation of the clay after having been cut by the supports, and before 
issuing &om the annular space b. As the pipe issues from 6, it is cut by wire into any required 
lengths. 

Additional apparatus is necessary to form pipes with flanges or sockets attached. A movable 
iron mould or core of the shape of the inside of the socket is placed by hand in contact with the 
base of the core e, so that the pipe, if the pressure be continuous, must be forced over it, and be 
enlarged in its passage. This internal mould is supported in position by a rim attached to the base 
of an iron collar, formed of two jointed halves. The internal form of the collar is the same as that 
which the exterior of tlie socket is intended to receive, and its internal surface forms a continuation 
of the outer edge of the annular aperture b. When the two halves of the collar are united, there 
remains no aperture for the escape of the clay, and it is therefore forced to adapt itself to the 
internal form of the socket-mould. Conical pin-holes are, however, provided in the collar, to permit 
the escape of imprisoned air, and the consequent perfect adaptation of the clay to the mould. The 
exudation of clay through these pin-holes marks the time when the socket has been formed, and 
when the collar and internal mould must be removed, in order to allow the simple pipe to follow 
after the socket. Wooden “ forms ” are used to rectify any inaccuracies in the shape of the sockets 
or barrels of the pipes. Expression may, in a similar manner, be applied to the production of a 
great variety of wares, as, for instance, in the manufacture of perforated and damp-course bricks. 

Stone-ware jars, bottles, and jugs are fashioned on the wheel, which, in large manufactories, is 
generally driven by power. The more delicate specimens of decorative stone-ware, which are 
known as Lambeth ware, are formed on the hand-driven wheel. For the different decorative 
processes applied to stone-ware, see that section. 

Tall chimney-pots are at times made up of as many as three lengths, fashioned separately on 
the wheel, and built up one upon the other. V-shaped pipes are made by the union of two sepa- 
rately formed pipes. Siphon-pipes are made by moulding. Fig. 1136 represents the half of a 
plaster mould for this purpose : a are the studs or depressions by 
which the two halves of the mould are fastened together. 

“ Bats ” or thin sheets of clay are spread carefully by band over 
the entire surface of the two half-moulds. The two parts of 
the mould are then united, and the division between the two 
halves of the pipe is carefully closed by the insertion of strips 
of plastic clay. Large filters are similarly fashioned ; but in 
this case, external decoration is produced at the same time as 
the actual form of the ware. 

Eartlieii-ware. — ^Earthen-ware possesses a dense, opaque, 
and generally white body, with a rough fracture. The white- 
ness, opacity, and stability of earthen-ware are in a great 
measure due to the presence of a considerable proportion of 
calcined flint. There are many species of earthen-ware, distinguished by their fracture, or by 
the tints of their body or glaze. The ingredients of which earthen-ware is composed are 
ball-clay, kaolin, flint, and Cornish stone; and the glaze with which earthen-ware is generally 
coated is soft, containing plumbic oxide and borax. The blue or ball-clay and the kaolin or 
China clay, after their arrival at the works, are exposed to the action of the weather. It is 
convenient if the clay-banks can be so placed as to be above or on the same level with the 
sheds in which the clays are “ blunged,” that is broken up with water. When the clays are 
ripe, a certain quantity of each is moved to the blunging-shed, and subjected to the process of 
blunging. The clays are thrown into tanks containing pure water, and are mixed with the water, 
either by the mechanical action of blades attached to a horizontally-moving wheel driven by steam- 
power (see p. 1559), or by a laborious process of manual stirring with a wooden instrument resem- 
bling a large paddle. Separate tanks are provided for blunging the ball-clay, the kaolin, and scraps 
and shavings of broken unbumt ware. The density of the contents of each blunger is tested by weigh- 
ing one pint of each in a standard pint measure. If the liquid in either case be too dense, more water 
is added ; if not dense enough, the proportion of clay is increased. The weight of the standard 
mixture of ball-clay is 24 oz. a pint, that of kaolin being 26 oz. If the density be correct, each 
liquid mixture, or slip, is run separately by gravitation, the blungers being purposely erected on an 
elevation, either through a series of sieves, or into a horizontal, rotatory, cylindrical sifter. 
Figs. 1137, 1138 show an arrangement of sieves. Fig. 1137 is a vertical, and Fig. 1138 is a 
horizontal section of the apparatus. A series of sieves, with “lawns” of increasing fineness 
(two only are shown in the figure), are placed one above another, in such a way that the material 
can pass from one into tlie next. A backward and forward motion is communicated to each sieve 
by a hooked rod, loosely attached to a point on the circumference of a wheel which revolves in a 
vertical plane. The bases of the sieves rest upon narrow slabs of plate-glass, by which means, 
friction is reduced. 
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The actoal form of the rotatory sifter is octagonal rather than cylindrical, and it receives a 
shaking motion in addition to rotation, through a strap driven by power. The sifting medium of 
the sieves and of the cylindrical sifting-machines is silk lawn, brass ganze having been tried without 
success. It is customary for potters to contract with the makers of the silk sifting-machines to keep 
their sieves in working order, as, owing to the great delicacy of the material, they are constantly 
liable to damage. The sediment retained by the sieves or sifting-cylinders is emptied from time 
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to time into convenient receptacles, and returned to be reblnnged. After sifting, the clay slips are 
run separately into the mixing-tank, in which, a measure fixed to one side indicates in inches 
the quantity of each material received, the density of each liquid having already been determined 
by weight. The relative quantities of the clays, as of the other substances, vary according to the 
nature of the ware it is intended to produce. The mixing-tank is generally of stone, measuring 
about 6 ft. sq. The flints, after calcination and crushing (see p. 1561), and the Cornish stone, after 
crushing, are ground separately with water. In the mUls used for this purpose, the necessary fric- 
tion is obtained between two surfaces of differently-grained chert. A cast-iron bed is evenly paved 
with blocks of carefully selected stone, but in such a manner that the circumference of the bed shall 
be at a higher level than the centre ; the bed is surrounded by sides of wrought-iron, and the centre 
is pierced by an opening, in which, revolves an iron vertical shaft, driven by gearing from below. 
To the shaft, are attached four curved projecting arms, each provided with vertical, wooden, iron- 
tipped bars, which reach almost to the bottom of the pan, and propel heavy masses or “ runners ” of 
the chert rock. 

Pure water is first run into the pans formed by the beds and sides of the mills, and the mate- 
rials to be ground are then added. As the “ runners ” are forced round and round, the flint or 
Cornish stone is respectively ground to an impalpable powder, and worked with the water so as to 
form a compound of a thick creamy consistency. The mixture in either case is allowed to settle 
for a short time, and is then drawn off through plugs at different heights in the sides of the pans. 
From the top plug, water is drawn off ; from the second, the slip or mixture which is to be used ; 
and from the bottom plug, a sediment which requires to be reground. The flint and Cornish stone 
slips are thence conducted into circular tanks, where water is gradually added, and where the 
material is mixed with the water by the revolution of an agitator or spindle with arms and paddles, 
until such time as the mixtures respectively attain a standard density. The density is determined, 
as in the case of the clays, by weighing a fixed quantity. The standard weight of a pint of flint 
slip is 32 oz., and that of Cornish stone is generally the same. The creamy liquids are run through 
pipes into store-tanks in the clay blunging-shed, the inlet to the pipes being slightly above the level 
of the bottom of the agitating-tanks, in order that any coarse sediment still present may be retained 
for regrinding. The flint and Cornish stone slips are now under the same roof with the clay- 
blungers and mixing-tank, and are introduced into the mixing-tank, the quantity of each being 
regulated by the measure attached to the side of the tank. At this point, also, any colouring 
mixture that may be required is introduced. In the mixing-tank, the clay slips, together with the 
flint, Cornish stone, and any colour that may be present, are thoroughly mixed by agitation, either 
by hand or by power. The mixture is then passed through three sifting-machines or three sets of 
sieves, each sifting-machine or set of sieves being covered with lawn of increasing fineness. The 
coarsest lawn contains 50 threads in an in. ; the finest, 120 threads. After mechanical sifting, the 
mixture is subjected to magnetic or electrical sifting, in order that it may be purified from minute 
particles of iron. For this purpose, the trough through which the fluid is conducted is furnished 
with a series of horse-shoe or electro-magnets, and the fluid passes through their field of action. 
After this double process of purification, the liquid mixture or slip reaches an underground store- 
tank or “ ark,” whence it is raised by pumps to be partially solidified by pressure and filtration. 
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The following table shows the number of inches of each liquid material of standard density 
required to make up 100 in. of the different earthen-ware mixtures in a liquid condition. 


Ingredients. 
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The table serves rather as an illustration of the attributes of the different materials than sis a 
basis for manufsmture. Ball-clay (see p. 1558) supplies plsisticity, but acquires a slightly yellow 
tiut when fired, which is especially noticeable when the commonest qualities of the clay are used. 
Kaolin contributes plsisticity, whiteness, and infuaibilily ; flint contributes whiteness, stability, and 
an earthy fracture ; and Cornish stone acts as a flux, and produces vitreosity. Whenever any one 
of these ingredients is in excess, the quality or qualities which it possesses show themselves in the 
resultant ware. Thus the mixture B will produce as white but a less vitreous ware than A, for although 
the proportion of ball-clay in the former is greater than in the latter, the proportion of the whitening 
ingredients, kaolin and flint, in B is greater than that possessed by A. In E, the proportions of 
ball-clay, kaolin, and flint are reduced, as deficiency in whiteness and plasticity is supplied by the 
addition of 25 per cent, of the shavings and waste of unbumt ware. The colour of the cream-colour 
ware is due to large proportion of ball-clay, which, in the samples given, amounts to as much as 
48 and 65 per cent. “ Granite ” is vitreous, owing to a large proportion of Cornish stone ; but part of 
this effect is balanced by the presence of an excess of kaolin, which 
renders the ware white, and somewhat refractory. “Iron-stone” is 
vitreous, owing to a comparative deficiency of clay, and a great 
excess of Cornish stone. 

Fig. 1139 represents an ordinary pump used for raising the liquid 
clay mixture from lower to higher levels, whilst it is undergoing the 
different processes of refinement. The pump employed for forcing 
the slip from the store-tank into the press is of special construction, 
and of considerably greater power. The press is made up of a series 
of large, oblong, wooden, shallow trays or frames, usually 24 in 
number, which are grooved or ribbed on both faces, and, when placed 
vertically side by side, leave intermediate spaces of about f in. In 
each of these spaces, is laid a piece of strong calico, of rather more 
than double the size of one of the frames ; and the calico is so folded 
as to form, in the space between the frames, a bag, into the upper side 
of which, a small brass pipe is fixed, which can be adjusted to a main 
supply-pipe running above the frames and connected with the slip- 
pump, When the frames, with the bags between them, have been 
set together, and tightened up by means of screw-bolts, and when the 
small distributing-pipes have been connected with the supply-pipe, 
and the pump has been set in motion, the slip is drawn from the store- 
tank, and forced successively into the 24 bags. As more and more of 
the slip is driven in, the pressure in the bags is increased, which is 
resisted by the strength of the calico, the wooden framework, and 
the tie-bolts. The pressure causes the water to separate from the 
day, and filter through the calico, and, passing through openings in 
the wooden framework, to run in a channel beneath the press into a 
tank placed for its reception, whence it is pumped for use in the 
“ blungers ” or elsewhere. When the water ceases to flow from the bags, the pump is checked, the 
main supply-pipe is disconnected from the distributing-pipes, the tie-bolts are loosened, and the 
frames are separated. When the calico between the frames is unfolded, a thin sheet of plastic 
day, corrugated by the ridges in the wooden frames, is discovered. In order to prevent loss during 
the action of the pump, through the bursting of any one of the bags, each of the small distributing- 
pipes is frunished with a stop-valve, by which its connection with the supply-pipe can be dosed, 
without interfering with the process of filtration in the remainder of the bags. 

The clay or day mixture is now practically pure, and requires only to be freed from the air which 
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is still retained in its pores, and to 1)6 rendered close-grained and tenacions. This result is obtained 
partly by a mechanical and partly by a mannal process. The mechanical process is performed by the 
“ png-mill,” Fig. 1140. It consists externally of a conical, cast-iron, horizontal case, with a hopper 
on the upper part of the large end of the cone, and with a comparatively small square or octagonal 
orifice on one side of the small end. A shaft passes through the length of the cone, having iron 
splayed blades fixi d spirally round it. The shaft is driven by power, and the clay, which is thrown 
into the hopper, is mangled and driven forwards 
by the revolving blades. The shape of the mill 
causes the clay to be more and more compressed, 
until it issues from the orifice in a compact 
stream. The stream of clay is cut into blocks by 
a tightened wire, and the blocks are conveyed to 
the different workshops. The manual process of 
compression is only necessary for clay which is 
intended for the finest work. It consists in placing 
the block of clay, as it comes from the pug-mill, 
on a bed of plaster, and repeatedly cutting it hoii- 
zoutally with a wire, and hurling one half upon the 
other with all the power the operator can muster. 

Pbocesses of MAJrtPULATiox. — growing . — The process of “ throwing” is the application of the 
principle of “ turning ” to a plastic material, the turner’s tools being replaced by the more delicate 
fingers of the “ thrower.” The main apparatus, or “ wheel,” consists of a horizontal disc, rigidly 
fixed on the top of a vertical spindle, to which, rotatory motion can be communicated. In 
addition to the wheel, the thrower has a balance, in which the pattern to be reproduced is 
counterpoised by the lump of clay from which the reproduction is to be made. The pattern generally 
only bears a very slight resemblance to the finished article, as ware is now seldom finished on the 
wheel, but subsequently passes through the turner’s hands, by whom it is sometimes reduced to 
one-half its original suhstance. As a rule, except in the case of fine stone-ware, the “thrower’’ 
gives the inside form only, and leaves the outside to be fashioned by the “turner.” 

A box to sit upon, a basin full of water, a movable gauge, with a horizontally-revolving needle 
or pointer conveniently placed for comparison with ware during manipulation, together with a few 
pieces of thin hom or wood, complete a thrower’s equipment. The weighed mass of clay is 
dipped into the basin of water, and thrown upon the disc, which is sometimes made of copper, some- 
times of wood. The disc revolves, and the clay, hollowed by the pressure of the thrower’s fingers, 
rises and falls, contracts and expands, according to the velocity of the wheel and the touch of the 
thrower. When the vessel attains the height indicated by his gauge, and the requisite form, and 
has been smoothed from ridges within and without by the pressure of yielding fragments of hom 
or wood, the wheel is checked, and the vessel, severed from the disc by a fine tightly-drawn wire, is 
removed by an assistant to the drying-room, where it is partially dried previous to being fim'shed 
by the turner. 

Turning . — The turner’s lathe in many respects resembles that employed for turning wood or 
metal. The vessel to be turned is fixed by a email rim of moist clay upon a wooden block, fitting 
the interior of the vessel, and projecting from a horizontal spindle, to which, motion can be com- 
municated. The tools employed are thin slips of metal or horn, and a polisher consisting of a piece 
of Parian ware ; sometimes a metallic profile is used, and pressed against the revolving vessel. 
The turner reduces the superfluous substance of the vessel, and finishes the exterior, the bottom, 
and the rim ; he also, when necessary, polishes the surface. After turning, the ware is replaced in 
the drying-room, previous to being fitted with bandies, spouts, or applied decoration. Before 
removal, however, the internal form of small open ware, as, for instance, cups, is corrected by 
pressure upon a wooden cone. 

Drying. — The drying-room, to which reference has been made, was originally a 10-ft. brick 
chamber, with a central stove, and shelves upon the walls for the reception of ware. For the 
placing and removal of ware, boys had to be repeatedly entering this chamber, a practice which 
was both laborious and unhealthy. Many contrivances have been devised to do away with the 
necessity of entering the drying-room, by causing a movable frame to carry the ware from the 
entrance of the room through the heated atmosphere, and back to the entrance for removal The 
best known drying-apparatus is that invented by Colin Minton Campbell, and represented in Figs. 
1141, 1142. 'Ihe heat is supplied to the drying-chamber by the waste or exhaust steam from a 
steam-engine through the flues V, W, and X. In the centre of the chamber, is a vertical axis B, 
from which, project horizontal arms D, attached below to the collar P, and above, by the sloping 
rods G, to the collar F ; they carry at their outer ends a circular rack H I, whose outer edge comes 
within a short distance of the outer wall of the drying-chamber. In this wall is an opening, 
covered by a sliding-door A B, through which the ware can be placed upon or removed from the 




EAETHEN-WAEE. 


1577 



rack. The rack is made with several shelves one above another, and each shelf is made of two 
concentric strips of wood, with space between, to facilitate the circulation of the heat. The shelves 
are divided into compartments, by vertical partitions running from top to bottom. The machine 
moves easily on its axis, and a touch of the hand will cause it to revolve, and expose one compart- 
ment after another. Fig. 1143 shows another arrangement, in which, pans supporting the ware are 
loosely suspended, in 
the same manner as 
scale-pans, from trans- 
verse bars fixed to the 
transverse circum- 
ference of a large, 
revolving, perpen- 
dicular wheel. The 
wheel is wide, and 
the pans hang be- 
tween its two sides; 
the bases of the pans 
remain horizontal by 
force of gravitation 
during the entire 
revolution of the 
wheel. 

Handles . — Handles 
are always formed 
separately from the 
ware to which they 
are to be attached, 
and may be made in 
several ways. Those 
which have the same 
section throughout 
are cut from a long 
strip of clay, which 
has been forced 
through a metallic 
template of the re- 
quisite shape, placed 
at the base of a coni- 
cal case, in which, 
works a plunger 
driven by a screw 
and fly-wheel (Fig. 

1144). Ornamental 
decorated handles are 1 

formed by pressing 
the plastic clay into 
moulds of plaster of 
Paris : and light 
hollow handles, by ^ ' 

„ .... ’ „ 1142 . 

the injection of a 

liqm'd clay mixture into a mould of plaster, and by the deposition of the clay upon the porous 
surface of the mould (compare Casting, p. 1596). Handle, spout, or whatever is applied to ware in 
this stage, is fixed by liquid slip, every trace of the joint being carefully removed. At this stage, 
also, any holes that may be required, as, for instance, in the strainers of tea-pots, are pierced. In 
the latter case, all the holes are pierced at one blow, by a tool with an equivalent number of 
points. 

Moulds . — Eeference has already been made to plaster of Paris moulds. Pew, except the smallest 
vessels, are made by the thrower, the great majority being formed in moulds. The moulds there- 
fore form the most valuable and, at the same time, the most cumbrous element in the potter’s plant. 
The material of which the moulds are made is plaster of Paris, which is preferred on account of its 
power, when dry, of absorbing moisture from the clay in contact with it, also on account of the 
ease with which it can be manipulated. Any number of moulds can be made successively from 
one model prepared iu clay or plaster of Paris, by simply pouring the plaster, rendered liquid by 
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admixtare with water, over the model, and allowing it to Bet. If the snrface of the model be 
covered with a pattern in relief, the mould will have the same pattern impressed, and the clay ware 
will have the same pattern in relief. In this way, the raised basket-ware, fluted, and flower and 
leaf patterns on common ware are produced. 

Batting . — The process of moulding or “ pressing ” consists flrst in forming thin layers or bats of 
clay, and then inserting and pressing them into moulds, which are generally in two pieces, to 
facilitate the insertion of the “ bats,” and the removal of the moulded ware. Bats of clay are 
formed by hammering out blocks 
of clay on a bed of plaster of Paris, 
with a wooden 10-lb. mallet, of 
the shape represented in Fig. 1145, 
or by machinery. The employ- 
ment of machinery is desirable, as 
the process of hand-batting is both 
slow and laborious. In the bat- 
ting-machine represented in Fig. 

1146, the clay is pressed between 
two iron discs with surfaces of 
plaster of Paris. The upper disc 
rises from and falls upon the lower 
stationary disc by means of cratrks 
driven by power. The thickness 
of the resultant “bat” can be 
regulated by set-screws; the clay 
is fed into the small hopper 
shown in the flgure, which opens 
automatically, to allow the clay to 
fall upon the lower disc when the 
upper disc is at its highest point. 

A modifled form of this machine 
has been introduced, in which are 
three stationary discs, fixed upon 
a revolving table, in such a manner 
that they are successively carried by the table under an upper disc, to which an up-and-down 
motion is supplied, as in the single batting-machine, already desoribed- 

Bressing . — ^The simplest form of pressing is that employed in the manufacture of plates, and is 
known as “ flat-pressing.” The mould is an exact reproduction in plaster of Paris of the inside of 
the plate to be produced. It is placed upon a block of plaster of Paris, held by four bent wrought- 
iron arms attached to a vertical spindle, to which, motion 
is supplied either by hand connected with a large ver- 
tical wheel turned by a handle, or by the friction of an 
endless band driven by power. In the latter case, a 
pulley is fixed to the lower end of the spindle, to which 
the band can bo transferred from another free pulley, on 
which the band travels when the spindle is not in use. 

This band is transferred by the pressure of the operator’s 
knee upon a lever connected with the free pulley. The 
spindle with the iron frame and plaster head is known 
as a “jigger.” The old process was to place upon the plaster mould a bat of clay, to press it 
with the hand untU its internal surface assumed the form of the mould, that is the form of the 
inside of the plate, and then to press upon the upper surface of the clay a template or profile 
having the exact form of the bottom of the plate, the pressure and profile being applied whilst the 
spindle was in motion. 

If the spindle be driven by power, the whole operation can be accomplished at once. The 
profile (Fig. 1147) is fixed to the end of a movable arm, carried by an upright support screwed 
to the bench through which the spindle works. The arm and the profile can be adjusted at any 
required height above the mould, and the profile can be pressed upon the clay as it revolves on the 
“ jigger ” head, by the handle shown in the figure. After the plate has been formed, it is removed 
with the mould to the drying-room, and another mould is substituted. Figs. 1148, 1149 show 
another case of a profile for shaping the inside respectively of a simple and an under-cut vessel. 

In each, a bat of clay is carefully placed inside a plaster mould fixed on a jigger-head The profile 
A (Fig. 1148), attached to the rod B, counterpoised by the weight D, is controUed by the handle 
C. The jigger-head P, turning upon the spindle L, supports an apparatus for fixing the mould M 
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By means of screws passing through the blocks G H, and pressing upon the rubbers I, the mould 
can be placed in any desired position upon the jigger-head, and eccentrically to the profile. In 
Fig. 1149, the profile S turns upon an axis, and can be forced into the clay, or withdrawn, as required. 
If the jigger be set in motion, and the handle be pressed so that the profile be driven into the clay, 
the vessel will have 
on its outside the 


form of the mould, 
and on its inside the 
form given by the 
profile. The mould 
is made in two pieces, 
so as to permit the 
delivery of the vessel. 
A machine has been 
introduced for apply- 
ing an automatic 
profile to a succession 
of vessels carried upon 
a revolving table, 
each vessel being 
held in a separate 
mould and jigger- 
head. The moulds 
for ewers, and other 
vessels of similar 
shape, are made in 
two halves ; bats of 
clay are skilfully laid 
in both halves, and 
adapted to the form 
by means of a sponge 
and scraper ; the two 
halves of the mould 
are then united (see 
Fig. 1150) and fast- 
ened by a strap, and 



the complete mould is 

placed upon a horizontal wheel moved by hand. The seams formed by the junction of the sides of the 
two bats of clay in the two halves are scraped down by the workman’s thumb, there being free access 
to the interior both from the top and bottom of the mould. The depressions thus made are filled 


1147. 1148. 1149. 



up with rolls of plastic clay, and the internal surface is made perfectly smooth by the application 
of a moistened sponge. The base of the ewer is made separately on a mould fixed upon a jigger- 
head, and has a ring of plastic clay placed on its surface, which exactly fits into the bottom opening 
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of the body of the ewer. The body of the ewer in its mould is placed upon the base, and the 
junction is made smooth and secure by welding the raised ridge on the base into the internal surface 
of the body. In forming tnreens, and other deep open vessels (see Fig. 1151), whether round or 
oval, the bats of clay are adjusted upon a plaster block, covered with coarse flannel, of the form of 
the interior of the vessel to be producefl ; upon this 
block, they are inserted into the mould which gives 


the external form of the vessel. For oval vessels, 
specially-constructed jiggers and wheels are required. 
Their motion is adapted to this purpose by the intro- 
duction of an eccentric. 

Burning . — When the goods are partially dried, 
they are trimmed, and when thoroughly dry, are 
packed in deep round or oval saggers (compare Fire- 
ware) to be burnt. At the bottom of each sagger, 
is spread a layer of calcined flint or pure sand, and 
the goods are packed with the greatest care. For 
plates, a burnt plate is placed at the bottom, and 
others are piled upon it. Wide-mouthed and handled 
wares have burnt rings of the required shape inserted 
in them, to prevent distortion. The saggers, thus 
packed, are piled one above another, the interstices 
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being filled by rolls of clay expressed by a small 

screw-press, until the kiln is full (compare Kilns, p. 1563). The progress of the burning is 
ascertained by the periodical withdrawal of test-pieces. The firing lasts 48-50 hours. When 
the firing is complete, and the kiln is snfiieiently cooled, the saggers are unpacked, and the 


ware is rubbed over with sand-paper, preparatory to 
printing or glazing. 

Printing.— See section on Decoration, p. 1597. 

Glazing. — For the glaze, a mixture of borax, 

Cornish stone, calcic carbonate, flint, and kaolin, is 
first fused in a small reverberatory furnace, shown 
in section in Fig. 1152: A is the stoke-hole; M, 
fire-place ; N, grate ; E, damper ; H S B, bed on 
which the mixture rests, having been thrown in 
at V ; P, chimney ; K, opening by which the mix- 
ture, when thoroughly fused, is run out into an iron 
vessel containing water. The molten mass is broken up by the cold water, and is transferred 
to small mills, similar to those employed for grinding flint and Cornish stone. After prolonged 
grinding with water, and passing through sieves of great fineness, it is purified by agitation in a 



115a. 1154. 



blunger armed with horse-shoe magneto. Figs. 1153, 1154 : B is a vertical axis driven from the 
pulley H : 0, four arms projecting from the axis; E, bars fastened by the bolts D to the arms 0, 
and holding the magnets, as shown. A proportion of this slip is mixed with a slip consisting of 
Cornish stone and plumbic carbonate, or an equivalent of plumbic oxide. Into this liquid mixture 
contained in convenient tanks, the wares rendered porous by burning are dipped ; the mixture is 
kept in constant agitation, and the porosity of the ware ensures enough being taken up to produce 
a sufficient glaze. Considerable skUl is required to dip the different forms of ware in such a maimer 
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that the glaze may be equally distributed, and as little surface as possible be covered by the 
dipper’s band. Pig. 1155 shows an arrangement, consisting of a thimble with a hook attached, for 
enabling the dipper to handle with facility plates and other vessels of large diameter. When the 
parts that have been rubbed, or insutficiently covered with the liquid glaze, have been retouched, 
and the ware has been thoroughly dried, it is replaced in saggers, preparatory to the fusion of the 
glaze. 

The ware can no longer be packed one piece upon another, as in the previous firing, for the 
fusion of the glaze would cause the pieces to adhere, and great damage would ensue. The ware is 
therefore separated by the insertion of 
props of refractory clay, made in such 
form that as small a part of the ware as 
possible shall be touched. Fig. 1156 
shows a pile of plates, tiles, or saucers, 
supported and separated by hollow 
thimbles with pointed arms. The 
saggers with their contents are built 
up in a kiln similar to the one employed 
for the first firing, only somewhat smaller. The saggers, as in the previous case, are made airtight 
by the insertion of rolls of plastic clay. The firing lasts some 18 hours, and its progress is tested 
by the removal of pieces of ware, similar to that being fired, and previously dipped in the same 
glaze. The test-pieces are usually made on purpose, and pierced in the centre to facilitate 
removal. 



Supports . — Great ingenuity has been expended in devising and manufacturing the supports for 
ware undergoing the firing for glaze. Fig. 1157 represents a press for forming the supports of 
stilts A B. The arm and handle z 
turn rigidly npon their axis. If the 


handle be depressed, the vertical rod « 
is also depressed. When pressure is 
removed from the handle, the rod h is 
raised once more by the action of a 
counterpoise. When u is in the posi- 
tion shown in the figure, a strip of 
plastic refractory clay is placed upon 
the die or mould, and is forced to adapt 
itself to the form of the mould and 
plunger, by the pressure of the de- 
scending rod u, to which the plunger 
is attached. When the presstne is re- 
moved by the action of the counter- 
poise, the formed support may be raised 
from the mould by depressing the 
treadle. Minute apertures are pierced 
both in the mould and plunger, to 
permit the escape of imprisoned airt 
and consequently to ensure the sharp- 
ness of outline of the support or cock- 
spur. Machines are now in use which 
produce 100 supports in one action. 
The moulds, as in the press already 
described, are in two halves, one being 
attached to a plunger, and the other 
movable. The moulds contain the 
number of impressious suflScient to pro- 
duce the required number of supports. 
There are several duplicates of the 
lower movable half of the mould, and 
in this alone are the apertures for the 



escape of the air. The clay is supplied 


in a continuous stream from a minia- 


ture expressing-machine. After the clay has been inserted, and pressure applied, the lower 
part of the mould, which contains the supports, is removed, and another is substituted. The 
mould and supports are heated, and the supports are readily extracted as soon as the clay begins 
to contract. 
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Aftei the supports are removed, the apertures in the depressions are cleared by pressing the 
mould upon a tool containing an equivalent number of points. The mould is then rubbed with 
mineral oil, and replaced under the plunger. Supports require to be burnt in the same manner 
as ordinary eartheu-ware. 

Terra-cotta and Architectural Pottery. — Terra-cotta is a term commonly applied to 
works having an artistic character, made of clay, and burnt, sometimes painted and glazed, 
but more frequently unglazed. The fabrication of fictile works known by this name was 
common to all the great nations of antiquity ; and of late years, much progress has been made 
in England, France, Germany, Italy, and other countries, in reviving the manufacture of useful, 
ornamental, and domestic articles in terra-cotta, and in applying this material to architectural 
purposes. 

The clay anciently used in the small vessels and ornaments is fine in texture ; the larger pieces 
are made of rather coarser clay, combined with pulverized lava, pumice, or potsherds. They are 
generally much lighter than modern works of a like size. Some of the ancient pottery commonly 
called “ Samian ware,” of a beautiful coralline red, we have never perfectly imitated ; there is much 
yet to discover relating to ancient pottery of this class. Vauquelin made analyses of fragments of 
Greek terra-cotta, and gives the following as some of the constituents : — Silica, 53 per cent. ; 
alumina, 15; lime, 8 ; oxide of iron, &c., 24. 

Between the 12th and 14th centuries, large and sumptuous edifices were erected in N. Italy 
of brick and terra-cotta, the latter taking the place of stone and marble for cornices, panels, string 
courses, and brackets. Many examples of brick buildings with terra-cotta mouldings and orna- 
ments exist in England, having been erected mostly between the 13th and 16th centuries. Generally 
the use of terra-cotta died out in this country with the Tudors, and except a slight revival of 
moulded brickwork about the 17th and beginning of the 18th century, architectural terra-cotta was 
not practised until the time of George III. Towards the close of the 18th century, coeval with the 
great improvements made by Wedgwood in pottery, a most important advance for reviving the use 
of terra-cotta was estaljlished in Pedlar’s Acre, Lambeth, by a lady named Coade. At these works, 
capitals and bases of columns, coats-of-arms, pedestals, friezes, bases, statues, balustrades, archivolts, 
and terminals, were made ; and at the commencement of the present century, terra-cottas from 
Coade’s works were to be met with in aU the best parts of London and the provincial towns. 
Sculptors were employed upon models for this pottery, some of whom afterwards took to manufac- 
turing terra-cotta on their own account. Among them was Eossi, who executed statues, capitals, 
and other ornaments in terra-cotta for St. Pancras church ; and Bubb, who modelled and made the 
frieze in front of Her Majesty’s Theatre, and most of the statues on the cornices, and in the 
tympani of pediments in Begent’s Park. 

Early in the present century, a manufactory was also opened at Bow, to make church-yard 
monuments and architectural details in terra-cotta, by Van Spangen and Powell ; but it was soon 
closed. Some small works were opened also in vsu'ions country places, but with little success. A 
few years prior to the International Exhibition of 1851, an inquiry sprang up for architectural 
details and garden ornaments, which caused the production of many excellent examples for the 
Exhibition. These came from many places in England, and some from Ireland and Scotland; 
nearly every class and variety of terra-cotta then manufactured found a place, and the specimens 
from France, Germany, Italy, and Switzerland were numerous. 

Very little terra-cotta was painted and enamelled in the 18th century, and we are only now 
beginning to imitate the enamelled terra cotta of the 14th, 15tb, and 16th centuriea Since 1851, 
the use of terra-cotta has very largely increased in England, and it has now become a staple 
building-material, besides branching out in innumerable directions for ornamental and useful 
purposes. Considerable quantities of English terra-cotta have been exported during the past 
25 years to India, Australia, New Zealand, and the United States. Within the past 10 years, the 
Americans have established several manufactories for this ware. 

Bed terra-cotta mouldings are now used in combination with red brick-work in all parts of 
England, and the making of moulded bricks of this class is a special business. Machinery is 
employed in this work, but the more ornamental and artistic pieces are pressed into plaster moulds ; 
so also are buff and white bricks, which are coloured and enamelled for string courses and dados. 
White, buff, brown, red, and other clays of various tones are now used for ornamental works and for 
busts, statuettes, relievi, and architectural details. The painting, gilding and enamelling of terra- 
cotta is rapidly improving, and thus employment of a highly artistic character is afforded to women. 
Busts and statuettes are to be seen in the Boyal Academy Exhibitions modelled in terra-cotta clay, 
and fine as original works fresh from the touch of the sculptor, without the process of moulding. 
Architects and sculptors are paying much attention to this subject of original modelling in terra-cotta 
and we may hope very soon to rival the works of Lucca della Eobbia, Bernard Pallissy, and other old 
masters. It may be interesting here to introduce Broguiarfs analysis of the clay bodies of the two 
great modellers just named, before giving a statement of analyses of English clays used in terra- 
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cotta, and a list of clays especially fitted for this material. Brogniart gives the following as the 
elements of the wsures of : — 


Lucca della Robbia. Pallissy. 


Silica 49-65 67-50 

Alumina 15-50 28-51 

Lime 22-40 1-52 

Magnesia 0 17 

Oxide of Iron .. .. 3-70 2-05 

Loss 8-58 0-42 


100-00 100-00 


Table of Analyses op some Clays used fob Tebba-Cotta and Tiles. 




Names of Clays and Places where they are found, and Name of Analyst. 


CoDstitueiits. 

Blue Barrow, Cornwall, 

Dr. Lyon Playfair. 

s| 

Oj ^ 

> s 

c ^ 

a 

Blue Ball. Bovey Tracey, 

Mr. Blake. 

I 

ti 
> £ 

pS 

S 

Buff Clay, Wakerley, 

Dr. H. Medlock. 

Oolitic Clay, Northampton, 
Dr. II. Medlock, 

Red Clay, Watcombe, 

Dr. Percy. 

Red Clay, Broseley, 

Johnson. 



Red, Dunfermline. 

Red, Manton, 

Dr. H. Medlock. 

Red London Clay. 

Mud of the Thames (burnt 
dark red), 

Dr. Lyon Playfair. 

Silica 

45-5-2 52-06 

47-o'48-99 

69-59175-78 

57-8364-0664-14 54 40 

50-40 

44-15 

Alumina 

40-76 29-38 

48-032-11 

20-0415-61 

20-55 20-60 13-34 18-.58 

24-00 

11-27 

Iron 


2-37 

1-5 

2-34 

3 -.37 

3-54 

7-75 

7-16 7-5711-75 


5-95 

Lime 

2-i7 

0-43 


0-43 

3-16 

2-12 

1-68 

0-12: 1-90 

2-48 

2-70 

17 02 

Magnesia 

traces 

0-20 

20 

0-22 

3-18 

2-40 

0 97 

0-04 .. 

3-41 

1-30 

2-25 

Titanic acid . . 


, . 




.. ' 

,, 

0-62 .. 



,, 

Carbonic acid 


.. 





0-90 

.. 




Phosphoric acid . . 
Potash 

1-90 

2-29 


3-'k 

•• 

1 

traces 

3-87 

6-91 1-54 

8-53j 


1-30 

Soda 


.. 



.. 


0-56 

0-44 .. 


Manganese . . 





traces 

traces traces 

0-09’ .. 

trace 



Sulphate of lime .. 






.. 1 





4-53 

Phosphate of lime 











0-72 

Organic matter .. 







4-39 

traces 



9-15 

Loss and water . . 

9-61 

12-83 

1-511-96 


- ! 

2-13 

5-85 .. 

.. 

2i-60 

3-66 


99-96 

99-38 

100-oj99-36 

99-34 

99 - 45,100 - 63 99 - 89|88 - 69^99 • 1 5 

JOO-00 

100-00 


All these clays will stand fire well, and are much used. In addition, the following are in 
common use for ornamental and moulded work, and for tiles : — Stone-ware, black and red clays, 
from Wareham ; red and buff clays from near Tamworth, Staffordshire Potteries, Bishops Waltham, 
N. Shields, Aldrington and Brighton, Leeds, Huntingdon, Arley, Worcester, Tamar ; red clays from 
Broseley (Shropshire), Ipswich, Pcnybont, Knutsford (Cheshire), Northwich, Pamham, Maiden- 
head, Bucknell (Berks), Norwich, and Pluckley (Kent). The Cornish, Devon, Dorset, and other 
clays which bum to a light colour, as a mle will stand a higher degree of heat than the red clays, 
and gener-dlly shrink less in the fire. There is great difference in the weight of elays when dried 
and ground: in some, as much as 25 per cent. All are improved by weathering, and, after 
tempering and mixing, by age. Many of the strong red clays become blue under certain conditions 
of burning, and some become readily discoloured. Great care is necessary in firing red ware to 
maintain a uniformity of tone, and avoid cracking and warping. Bed terra-cotta in some cases 
is improved by combining two or more clays. Black, chocolate, and other dark colours have red 
clay as the base, to which is added calcined ochre, manganese, and other substances. 

Many clays are very pure, and do not require washing ; some, however, contain pyrites, or other 
substances which necessitate careful washing through sieves, or what is termed “ slipping.” 
Coloured bodies for terra-cotta or tiles should be always mixed in the slip state, and brought to a 
proper consistency for working on a slip-kiln. Many clay bodies are now, after slipping, passed 
throngh machines constructed to press out the snperfiuous water, and leave the clay in a pasty state 
fit for immediate use. Some manufacturers only partially dry the clay, then crush it in a rolling- 
mill, mixing with it ground potsherds, sand, &c., and then pass the whole throngh a png-mill. 
Others dry the clay thoroughly, and grind it to powder between horizontal stones, mix what they 




1584 


POTTEET. 


desire with it, and then png 
the whole, occasionally pass- 
ing it twice tlirongh the png- 
mili When different clays 
are combined in the dry state 
to make one body, it is im- 
portant this should be done. 
Clays nsed for mouldings are 
often pugged as taken from 
the pit, and at once trans- 
ferred to a moulder’s or 
machine-worker’s charge. It 
is not safe, however, to make 
very large pieces by ma- 
chinery. 

The material chiefly used 
in large terra-cotta to check 
warping, unequal shrinkage, 
and cracking, is ground burnt 
clay, old ware, or potsherds. 
This material is sometimes 
called by the workmen 
“ grog,” at other times “ grit.” 
It is ground and passed 
through sieves of various 
meshes to suit the character 
of the work iu point of magni- 
tude and delicacy of orna- 
mentation. Clay is some- 
times mixed, kneaded, and 
burned especially for this 
use. The proportions to be 
used vary according to the 
size of the pieces to be made, 
the quantity of other sub- 
stances (if any) to be com- 
bined, and the fatness of the 
clay. After the clay is 
mixed and prepared by the 
mill, it should for all artistic 
works be well beaten with 
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an iron bar, and what is 
termed “ wedged,” which 
consists in cutting a lump of 
clay with a wire, and slap- 
ping it together repeatedly to 
remove the air. 

The other materials used 
besides clay and potsherds 
vary according to the clay, 
and the class of terra-cotta it 
is desired to make. Among 
these, sand is an important 
substance. Ground glass, 
china stone, and flint are 
often nsed. Generally clay 
itself forms, in light-coloured 
ware, about | of the composi- 
tion, and for good red clays, 
sand or flint is commonly all 
that is required to be added, 
unless the pieces are large. 

Kilns. — Before entering 
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upon the subject of modelling, or moulding, it will probably be best to speak of the kilns for 
burning the ware (Figs. 1158, 1159). These are usually round in plan, with an internal dome 
and a conical chimney. They are lined with fire-bricks, and banded with iron, which is arranged 
to fold, and fasten over the door of the kiln, when the firing goes on. The number of fur- 
nace-holes around the kiln is determined by its size. Flues pass from the lower parts of the 
furnaces, under the floor of the kiln, and are commonly in connection with a fire-clay pipe-flue 
in the centre, as shown in Fig. 1158, which represents the section of a kiln with a continuous 
muffle, or inner lining, for the prevention of discoloration of the articles burned by vapours from 
the coals, also for the better protection of coloured and glazed articles. For all ordinary terra-cotta, 
this inner casing of brick or muffle throughout is not necessary. Small delicate models, whether 
plain or painted, enamelled or gilt, should be placed in saggers, if burnt in a kiln without a muffle. 
Articles beautifully wrought are made of stone-ware clay, painted, fired, and glazed with the vapours 
from salt, as in the manufacture of stone-ware. It has been found that burning by wood produces 
different results from firing salt-glaze with coal. Furnace-holes are constructed to check or prevent 
the formation of smoke. When a large volume of smoke is formed in the furnaces, it will pass 
through the kiln in full fire and red hot, and come out black at the top. 

Modelling . — Before commencing any architectural work, full-size drawings should be made of all 
the details, and, to save errors, this had better be done to the terra-cotta scale of the wet clay, allowing 
for shrinkage in drying and burning ; this with buff clays, is about 1 in. to 1 ft,, but the extent of 
contraction after careful firing should be determined exactly, at the outset, before any work is set 
out, or model made. From the drawings, sections of the mouldings may be traced on wood or 
metal, for forming templates or running moulds, similar to those used in working plaster cornices. 
Such templates, worked against the edge of a rule fixed to a board or bench, can be used to form 
mouldings in clay, and, worked from a centre, for describing arches and circular forms. Tlie clay 
used may be the terra-cotta clay itself, and this mode of working is the cheapest when a small 
quantity is wanted of a given moulding, as the whole may he described at one time. When the 
clay has become stiff, it can be cut into various lengths, and fitted with angles if necessary, and so 
left to dry for burning. If tho mouldings are large, they should be hollowed out. A thickness of 
2 in. is usually sufficient for the largest mouldings. Considerable attention should be paid to the 
drying of the mouldings, or they will warp, or get out of shape. By turning them about, face, and 
sides downwards, and then reversing their position, until they are dry, they may be kept true. 
The clay used in running mouldings in this way should not be coarser than would pass through a 
sieve of 20 meshes to the lineal inch, or the arrises will not bo brought out sharply. Mouldings 
may bo dried before burning, until tliey are hard enough to be rubbed true with a piece of burnt 
terra-cotta, as masons rnb the surface of Bath and other stones. They seldom twist in the fire after 
perfect drying and rubbing, and the mitres and junctions can be delicately finished by the chisel, so 
as to fit with accuracy. This operation of perfect drying and rubbing applies to all plain terra- 
cotta surfaces, whether prepared by the process of running moulds, or by machines similar to 
brick-machines, or from plaster moulds. 

Plaster of Paris models prepared by templates should be made to the required scale when a 
large repetition of the same object is likely to be required, and more than one plaster mould wanted 
for making clay impressions. Plasteris the best ground or framework for clay models of enrichments 
and bassi relievi, when more than one piece of the same ornamental design is required. The com- 
bined clay and plaster model are readily moulded with plaster in the ordinary way. If the model 
is entirely in clay, and full of undercut foliated work, say in alto relievo, or a statue, many pieces 
would be required in such a mould, and an experienced plaster-moulder only should be employed, 
or the clay model may be spoilt. It is best to make as few pieces as possible, and arrange to got, 
whenever practicable, all the small pieces into two outside cases, the back of a statue in one case, 
and the front in another case. Grease or oil should not be used in making plaster moulds for 
terra-cotta, as is done in the common way of making plaster piece-moulds for casting. A little clay 
and water, mixed about as thick as good milk, will answer all purposes for the prevention of one 
piece of plaster sticking to another in piece-moulding. 

Original, life-size, terra-cotta statues are modelled and burned, without the process of moulding, 
by building up the clay in a cellular form, and working with the fingers and modelling-tools on 
the surface. Extended Umbs should be made solid in the first instance, and when the clay is stiff, 
hollowed out, jointed with soft clay to the body of the figure, propped up with clay supports of the 
same stifihess and age as the mass of the statue, and slowly dried for the firing. Some difficulties 
and dangers arise in moving large statues into a kiln, and frequently they are finished by the sculptor 
in the kiln, which is for the time illuminated by gas. 

Very large fountain-basins and vases are made by forming on a bench, with a trap-door in the 
middle, the core, or inside, with clay worked by a template from the centre. When the core is 
turned in this way, it should be covered with thin sheets of paper, and upon this paper the outer 
surface of the basin is turned with another template from the centre, by laying sheets of clay over 
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the prepared surface of fiiirly uniform thickness, pressing and uniting this outer clay which forms 
the basin well together. The template will now turn the outside of the basin. When the clay has 
stiffened, ornament may be modelled on the surface, or pieces of enrichment, made from plaster 
moulds, may be luted on with clay slip. It will be observed that, during this process, the basin 
is upside down, and is resting partly on the clay core. After the clay has become tough, the trap- 
door in the centre of the bench may be removed from beneath, and the clay core pulled away in 
pieces, leaving the basin gradually to dry alone ; when dry, it should be turned over very carefully, 
examined as to finish and troth of surface, and removed to the kiln, resting only on a roll or disc of 
clay at the bottom, leaving the rim and upper portion quite free for equal contraction in burning. 
Basins, vases, and other articles, 12-20 ft. in circumference, have been made sound and true in 
every respect in the way described. 

Many persons have a just objection to the piracy of architectural details especially modelled 
for their own use. Working such details out originally in terra-cotta is a check to this piracy. 
If an artistic work is executed in marble or stone, a model in common clay is made and moulded, 
and a plaster cast is taken to guide the carver, and this rough model is often used for all sorts of 
cement and composition castings. But the terra-cotta clay model is wrought out, undercut, and 
finished at once by the sculptor and burned, and when only one or two designs alike are required, 
it is in a money sense the cheapest and best method of working. The following are a few of the 
forms which can be safely and economically made as original terra-cottas : — Altars, arches, 
architraves, balconies, brackets, bassi relievi, bosses, busts, columns, capitals, chimneys, crosses, 
cornices, coats-of-arms, finials, fire-places, friezes, park seats, key-stones, medallions, tracery, per- 
forated panels, rustic work, tablets, tombs, animals, canopies, caryatides, festoons, statues, trophies, 
scrolls, corbels, date tablets, terminals. 

When much repetition is required, the use of plaster moulds is common ; now and then, for fiat 
surfaces, metallic and wooden moulds are used. The workmen employed in making impressions 
in moulds are called “ moulders.” The plaster mould is usually dusted with a little finely-ground 
flint, grit, or sand, and the clay, having been properly prepared, is beaten out on a very thick block 
of plaster of Paris, to the required thickness, and then firmly pressed by hand on to the surface of 
the mould. If the mould is in two parts, or cases, both pieces are partially filled with impressed 
clay, the edges of such clay are scratched with a tool, moistened with water, and a little soft 
clay is placed over the edges, when one portion of the mould is lifted over the other, and squeezed 
down so that the luted edges join perfectly. The clay and the plaster mould remain undisturbed 
until the porosity of the plaster has absorbed a portion of the water from the clay, when the outside 
casings and the smaller pieces of the mould are removed, and the article pressed appears showing 
the joints or seams of the mould on the surface. These are in due time removed by a modeller, or 
careful finisher. If the pieces to be made are large, struts or cells are formed to strengthen them, 
as nearly all terra-cotta works are hollow. The hollow parts of architectural details are generally 
filled up with good stiff mortar, selenitic, Portland, or Boman cement, with fragments of brick or 
tile. Great care should be taken if Portland cement is used that it does not expand, which it is apt 
to do, sometimes cracking the terra-cotta. 

A very large proportion of the articles made of terra-cotta are dried imperfectly, or in draughty 
sheds, and hence there are many twisted and unsightly pieces. A good drying-chamber or shed 
properly heated, and in proximity to the kilna, is a desideratum. More ordinary terra-cotta ware is 
injured in drying than is spoiled in the firing. 

Employment of Machittery. — Terra-cotta mouldings or moulded bricks are sometimes made in a 
machine acting vertically with a die at the bottom, and as the clay passes from this die, it is caught 
by a board or palette, and cut off in given lengths, as drain-pipes are. At other times, mouldings 
and ashlar pieces are driven through dies, out of a brick-machine, cut off by wires and removed on 
palettes. The mouldings and the ashlar work, when stiff, are trimmed clean at the edges. 
OmEunent pressed out of plaster moulds is sometimes luted or slipped on to the plain mouldings. 
The completeness of machine-work depends much upon careful drying. All these machine-made 
mouldings and ashlar work, if dried thoroughly, may be rubbed true, the same as Bath and other 
stones are treated, as before mentioned. Terra-cotta tiles 12 in. sq. have been made in great 
quantities by machinery, and rubbed as true as marble. 

Eire-proof Terra-cotta . — By the aid of machinery, fire-proof terra-cotta for casing iron columns, 
girders, and for general construction of walls and floors, may be economically produced. Gas and 
other stoves, hearths, and backs for fire-places are made of fire-clay, coloured, and glazed. Stove- 
backs, ornamented with crests and coats-of-arms, have been made of fire-clay in which black oxide of 
manganese has been introduced, so as to produce, after burning and rubbing with black-lead, the 
appearance of cast-iron. 

Some fire-clays are of a nice pale-buff colour, and free from specks of iron, from which, columns, 
pilasters, soffits, facias, and slabs could be made by machinery. Such work should be of greater 
thickness than ordinary terra-cotta, and should be contrived to fit together by mortise and tenon. 
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with lap-joints luted with fire-proof cement, and filled in with fire-proof materials, so as to prevent 
the sudden destruction by fire and water of iron girders and columns, which almost iilwaj’S ensues 
in large fires. 

All the buff clays used in ordinary terra-cotta are to a certain extent fire-clay, and will stand 
a temperature at which most of the red clays run down into a vitreous mass. Columns made hollow, 
of buff terra-cotta clay combined with fire-clay, were used by Sir Digby Wyatt to support girders, 
and at the same time to act as warming-flues through a building of three floors. 

Strength of Terra-cotta. — The results of experimeuts made to ascertain the resistance of terra-cotta 
to a thrusting stress, comparatively with Portland and Bath stones and common stock brick, show 
that, as a building-material, it greatly exceeds all in ordinary use. A table recording theie 
experiments, prepared by David Kirkaldy for J. M. Blasbfield, and laid before the Eoyal 
Institute of British Architects by Charles Barry, is given on pp. 1588-9. (The specimens were 
bedded between pieces of pine J in. thick.) 

Among the public edifices where terra-cotta has been very largely used during the past 
30 years, are the following : — S. Kensington Uusenm, Duchy of Cornwall 068ce, Eoyal Mausoleum 
(Windsor), Victoria and Albert Museum, Sassoon Tower, Elphiiistone Circle, and National Bank of 
India (Bombay), London & N. W. Station, Broad St. (London), Buckingham Palace, Sandringham 
House, Eoyal Albert Hall, Wedgwood Institute, India Office, Eolls and Eecord Office, Dulwich 
New College, Natural History Museum (S. Kensington), Law Chambers in Carey St , Fine Art 
Museum (Boston, U.S.A.), New Libraries (S. Kensington), Life Guards Barracks (Kuightsbridge). 

Tesselated and Tile Pavements. — Such pavements are frequently called mosaic, en- 
caustic, and inlaid. Floors of tesselated work made of common clays are of great antiquity. The 
mosaic pavements so frequently met with in Eoman remains in England are composed of fragments 
of tile and stones of vai ious hues ; the larger tesserae for the outside margins are commonly clay, 
and the red invariably so. These pavements, from the inequality of hardness of the materials, have 
not worn uniformly in all cases. 

A special feature in Mauresque mosaics, is the interlacing of one colour with another in the 
same device. A stanniferous glaze was commonly used by the Moors in the 13th century. The 
pieces forming their mosaic works, also their tiles with raised ornament, appear to have been pressed 
into plaster moulds. Glass mosaic, having a Mauresque type of design and colour, is commonly 
met with in the churches of Italy, and frequently in combination with porphyry. There are 
examples of this and marble mosaic in Westminster Abbey. Florentine mosaic is composed 
entirely of marbles, agates, and gems ; the materials are costly, and the process of working it slow, 
but most beautiful pictures are produced at the studios for this art at Florence. 

Several attempts were made in England in the beginning of this century to form tesselated 
pavements by combining marble and stone with coloured cements ; Wyatt, Carter, Benasconi, 
Felix Austen, and Croggon, made attempts in this form, but with no great success. In 1830, 
Blasbfield made ornamental pavements by combining Aspdiu’s and Parker’s cements with mineral 
colours. This pavement wore well, and stood frost, but it looked dingy. The cements were 
mixed with water, placed in iron moulds, and screwed down to drive off part of the water from 
the cement, and so get the edges of the forms perfect. Inlaid tiles after patterns of encaustic clay 
tiles were so produced, and subsequently Blasbfield tried coloured bitumen, but this material did 
not wear or look so well as the cement. Painted tiles were made in clay by Copeland & Co. at 
this time for Blasbfield for terrace-steps. The tiles were so designed and made that, when com- 
bined, they formed a pattern 6 ft. in length. The colours were red and black. In 1839, an 
elaborate mosaic fioor was made by Blasbfield at Deepdene, combining the features of the ancient 
“ opus incertum,” the Venetian “ pise,” and the common Italian “ trazzo ” floors. It is the largest 
floor of this character in England. The mosaic features were placed face downwards on a true 
bench, and backed with thin red tiles and cement, and thus formed into large slabs, which, when 
all properly bedded on a concrete floor, were rubbed down and polished. 

In 1838, Eoutledge and Greenwood made buff terra-cotta pavement and tiles. The latter were 
inlaid with scagliola, and polished. In 1839, Singer of Vauxhall, assisted by Pether, made 
tesserse for slabs and pavements, copying Moorish and Eoman examples. Singer’s pro"ess was to 
place clay, well kneaded and Of various colours, and as near as practicable of uniform stiffness, iu a 
machine, where, by means of levers, it was subjected to pressure, and made to exude from an aper- 
ture 6 in. by i in. As it protruded, it was cut into lengths of 3 in. , and these small pieces were 
left for some days to dry. Fifteen or more were then laid one upon another, and a frame of cor- 
responding size (across which were strained wires, crossing one another at regular intervals), sliding 
vertically on two uprights, was made to pass through them, cutting out by this motion 100 or more 
tesserm. When any curved forms were required, the tesseree were placed angle-wise in a groove, 
and a piece of curved metal was made to pass through a number of them placed together, which 
gave a coincidence of form in the parts divided. The tesserse were then burnt, and put together 
on slabs of slate. The great hall of the Eefonn Club was executed by Singer with tesser® thus 
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made, and ground down to a true surface. He also made a pavement for the court of the present 
Koyal Kxchange of similar tesserae, but being laid down during winter, the cement gave way, and 
the whole was taken up and removed. Some of the pieces used for dados and Mauresque slabs 
were made out of plaster moulds, and these were often coloured and enamelled. These pieces of 
tesserae were afiSxed to slabs of slate with plaster, and were much used for sides of stoves. About 
1830, S. Wright of Shelton took a patent for making inlaid tiles after the fashion of the mediaeval 
tdes ; he sold his rights to Herbert Minton, who, assisted by the advice of Welby Pugin, produced 
the tiles so well known in connection with the name of Minton. ‘ 

Inlaid tiles wore largely made in England in the 13th, 14th, and 15th centuries, some later on. 
The oldest tiles are of red or brown colours, some few black, having ornaments painted on them 
with white or buff clays, and glazed. Other tiles have ornaments impressed on them in relief, 
possibly pressed in carved wooden or planter moulds. This impress of ornament may have sug- 
gested the inlay of other coloured clays in an indented surface, and led to the mnning-iu of slip, 
or thin clays of white, buff, black, or green, into the indented surface of the tile. The superfluous 
slip would have been scraped off when stiff, and the tile brought to a perfect face, and glazed and 
burnt. All these tiles seem to have been coated with a plombiferous glaze. They were made of 
various sizes, but are not often found more than 6 in. sq., and frequently are so designed that 4, 9, 
and 16 tiles are required in combination to form one pattern. Some of the best pavements of this 
sort were found at Salisbury, Winchester, Eieter, Bristol, Chichester, Oxford, and Gloucester 
Cathedrals ; and in numerous old churches and other places in England they exist in great number. 
One of the most perfect old examples is the floor of the Chapter House, Westminster Abbey. They 
are frequently laid with marginal tiles quite plain, and sometimes with an inlaid border at the 
verge. The inlaid ornament usually affords a clue to the date of the tiles, as the type of the 
architecture of the age is seen in these fictile records. There is an artistic effect about the free 
sketchy way in which the designs are drawn, and the mottled appearance of the colour, which 
gives them a great charm, and over-rides the more precise outline and uniform tone of modem 
tiles. 

The revival of this branch of the ceramic art has given rise to a purer taste in all that concerns 
domestic decoration, and induced ideas of cleanliness unknown before. 

The modem mode of making encaustic or inlaid tiles is first by modelling the design from a 
drawing on a thin film of clay on a plaster ground, or by incising the ornament on a block of clay 
or plaster, and then pouring over the model, plaster of Paris to form a mould. Moulds from a hard 
plaster or a carved wooden model are sometimes made in brass, and a metallic frame is often the 
boundary of the plaster mould. Metallic moulds for patterns which are to be much repeated are 
the best and most economical. The clay for the body of the tile is pressed into a mould by a small 
screw-press ; and the mould produces the outer form of the tile, and the ornament on the surface, 
at the same turn of the screw. After the tile has been pressed, and removed from the mould, it is 
allowed to become tough in dryness, before the operation of filling in the indented ornamental sur- 
face takes place. When the tile is thus far dry, a thin mixture of white, buff, or coloured clay is 
carefully poured over the indented parts ; if two or more colours are to be poured in, stops of clay, 
or coverings, are used to check the running of one colour into another, and the respective colours 
are thus filled in one after the other. After filling in, the tile is placed again to dry, and when 
very stiff, it is carefully scraped over with a thin piece of steel, and all the coloured clay lying 
unevenly on the surface is removed. The ornamental features are then seen in sharp outline, and 
the tile is thoroughly dried for firing. There is a disposition in some clays, wlien so treated, to 
round on the face in drjring and burning ; this is checked by placing a thin layer of clay of a 
different refractory character on the back of the tile when it is first formed, and piercing holes 
through this layer of clay, to admit of the free egress of steam and fixed air. The modem practice 
is to glaze such tiles as are required to have an enamelled surface, by a second firing, after burning 
them first in the biscuit state. 

Without trespassing upon the subject of porcelain buttons (see Buttons, p. 559), it may here 
be mentioned that, in 1840, K. Prosser, of Birmingham, obtained a patent for the manufacture 
of buttons by reducing the material of porcelain to a dry powder, and subjecting it to strong 
pressure between steel dies ; the powder, being compressed into about a fourth of its bulk, becomes 
a compact subshuice, and can be at once placed in a kiln and fired. Prosser disposed of part of 
his interest in this patent to Herbert Minton, who then made some very beautiful china buttons and 
studs. In 1841, Blashfield saw them and learnt how they were made, and conceived that the button- 
making process might be extended to the manufacture of tesserse and small tiles for pavements. 
A correspondence ensued between Blashfield and Minton on this subject, and the latter made some 
experiments, and sent Blashfield some 1-in. cubes, having a blue colour on one face and a white 
body. The blue colour was crazed and cracked. Minton made further trials, and succeeded in 
producing some very good blue and some white tesserse, f in. thick and } in. sq. ; these Blashfield 
placed together in the form of a Greek fret on a drawing-board face downwards, and poured Boman 
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cement over them, pressing some flat roofing-tiles into the cement, and thus formed them into a 
small slab. When the cement had set, the face of the mosaic was washed, and this first piece of 
Minton’s mosaic work was exposed to the weather during the whole winter, and received no injury 
from the frost. 

Prosser enlarged his patent to cover the making of tesserae and tiles, and began to make 
machines for Minton’s use in this way, and entered freely into Blashfield’s views. The latter sug- 
gested sizes of tesserae and tiles, and colours, and the importance of gilt and enamelled tesserae, 
and gratuitously provided Minton with designs of mosaic pavements and tiles, and copies of those 
in Westminster Abbey, subsequently calling to his aid Owen Jones, H. Kendall, and Digby Wyatt, 
and commencing with them a series of publications of designs. In 1813, the process of manufac- 
ture was exhibited by Prosser and Blashfield at a meeting of the Eoyal Society, when the late 
Prince Consort took great interest in the making of the tesserae, and desired an account of the 
whole subject to be sent to him. 

Minton hesitated to order machines for forming tesserae and tiles beyond the sizes of 1 in., J in., 
and J in. ; but Prosser made the necessary tools, and in 1844-1845, tiles of large size and various 
shapes, and slabs 3 ft. long, were fabricated. Michael Hollins, the present proprietor of the tile 
works, laboured most zealously from the first in the fabrication of the raw material and colours. 

Having related something of the early history of this important improvement in the ceramic art, 
which has brought about such vast changes in architectural decoration, and which is making 
every day fresh strides, we will enter upon a description of the machine first employed to make 
tesserm, and which, with a few modifications, is still used for tesserse and small thin tiles, a more 
powerful machine and hydraulic presses being used for large and thick tiles, and other flat surfaces, 
and for making bricks from powdered clay. The preparation of the powdered material may be 
explained in a few words. For tesserae, it frequently consists of alumina, silica, and baryta, mixed 
with some metallic oxide for colouring matter. The difference between the new process and the 
old is that the clay or earthy material for making the tesserae, tiles, or other articles, instead of 
being used in a plastic state, is used in dry powder. The materials may be of the same character, 
and, up to a certain stage in their combination, they undergo a like preparation. For example, 
they are mixed with water, and ground by machinery, to thoroughly incorporate them, and, in a 
semi-liquid state, are passed through fine sieves, to remove all coarse particles ; and when this is 
done, the clayey paste is paitially dried by the beat of a slip-kiln, and made up into balls, which, 
when perfectly dry, are ground in a mill ; and the dry ground material, for fine surfaces, is passed 
through sieves, to prevent the risk of any coarse particle or dirt getting into the articles which are 
to be moulded. 

Tiles must be classified rather by the processes of their manufacture, than by the materials 
of which they are composed. Tiles may be made by the same process, and yet may present 
as great a difference in texture as fire-ware on the one hand and vitreous stone-ware on the 
other. The body most commonly used is that of ordinary white earthen- ware ; but for coloured 
tiles, and for a backing to a surface of superior quality, mixtures of local marls and fire-clays 
are largely employed. There are two principal processes, which may be distinguished as the 
wet process and the dry process. By the former, tiles can be made by hand, or by mechanical 
pressure ; by the latter, by mechanical pressure only. In making plain tiles by the wet process 
“ bats ” of plastic clay are prepared in the ordinary way by manual or mechanical “ batting,” and are 
either cut to any required dimensions, or are beaten into a metallic mould. Tiles mitde as described 
are burnt in saggers, and reburnt after dipping in white or coloured glazes. The backs of tiles, 
whilst still plastic, are always impressed with small holes or depressions, which may form a key 
for the cement when they are applied to walls or other surfaces. So-called “Palissy” and 
“ majolica” tiles are made from plastic clay “ bats,” which have received a raised pattern on their 
surfaces from a depressed pattern sunk into the mould in which they have been pressed. After 
first burning, the Palissy tiles are dipped into transparent coloured glazes, and the majolica files 
into opaque enamel slips. 

The dry process consists in consolidating clay powder by mechanical pressure. The clay powder, 
having been damped, is placed upon a metallic block of the size of the tile to be produced, 
surrounded by a movable collar, and is compressed by the descent of a plunger into the mould 
so formed. 'The pressure is communicated to the plunger by a vertical screw, and the momentum 
is obtained from a horizontal fly-wheel or weighted arm. The compressed powder is removed by 
means of a pedal, which lowers the collar or edge of the mould. The tiles thus produced may 
be either large or small, according to the power of the presses employed. Small tiles and tessersa 
are made by girls in small hand-presses. The moulds can be so made that several tesserse can be 
pressed at one motion. The compressed tiles are burnt for biscuit and glaze in the same manner 
as those made by the wet process. The compression of powder as a means of manufacture is not 
now limited to the production of tiles ; at the present time, plates and gallipots are being made by 
an application of the same process. Coloured patterns may be inlaid in tiles by either process. 
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The colours employed are clays coloured naturally, or by the artificial admixture of the oxides of 
iron, nickel, manganese, or cobalt. 

The wet process consists in forming a pattern in relief in plaster, and framing and backing it in 
a metallic support. Into the mould thus formed a thin bat of white plastic clay, backed with a 
clay of inferior quality, is pressed, and receives from the plaster mould a depressed pattern. A 
layer of white clay is then spread upon the common clay in order to counteract any contortion 
arising during firing from a disagreement between the common clay and the white clay on the 
face. The tile is heated until it can readily be removed from the mould. Into the depresseil 
pattern on the surface, coloured clay slips are instilled from suitable vessels, and when the excess 
has been removed by scraping, the pattern is discovered. 

The dry process is a further application of that already described. Upon the central block, a 


pattern is dusted with powdered clay through a thin metallic stencil-plate ; the collar is then 
raised, and a layer of clay is in- 
serted, and compressed by the de- i*®®- 


scent of the plunger; a layer of 
inferior clay is next added and 
compressed ; and finally a layer of 
the same clay as that used for the 
surface, the collar being raised to 
receive each fresh layer. The 
removal of the tile is facilitated 
by the depression of the collar. 
The same results may be obtained 
both for plain and inlaid tUes, by 
raising or depressing by a pedal a 
movable base working inside an 
immovable collar. 

One of the earliest machines and 
moulds used for moulding articles 
of a small size in powdered clay is 
represented in Fig. 1160: A is the 
wooden bench on which the whole 
is fixed, the bench being sustained 
on tegs standing on the fioor ; B D F, 
the frame, formed in one piece of 
cast-iron, the base B being fixed on 
the bench by screw-bolts, the up- 
right standard D sustaining at its 
upper end the boss E, wherein the 
nut or box t is fixed for the reception 
of the vertical screw F ; the screw 
F works through tlie box a, and has 
a handle G j A applied on the upper 
end of the screw ; the handle is bent 
downwards at g, to bring the actual 
handle A to a suitable height for 
the person who works the machine ; 
by pulling the handle A towards 
him, the screw F is turned round 
in its box o, and descends. The 
lower end of the screw F is con- 
nected with a square vertical slider 
H, which is fitted into a socket I, 
fixed to the upright part D of the 
frame, and the slider H is thus 
confined to move up or down with 
an exactly vertical motion, when it 



is actuated by the screw. Thus far, the maphino Iq i.„ 

j r j . ® maemne is an ordinary screw-press, such as is commonlv 

used for cuttmg and compressing metals for various purposes commonly 

The tools with which the press is lumished consist of a hollow mould c, formed of steel the 

The mould is firmly fixed on the 

r T ^ 1 piston or plug / wWch ^ 

tastened to the lower end of the square slider H, and the plug / is adapted to lesind “he 
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hollow of the mould, when the slider H is forced downwards by action of the screw F, the ping 
/ being exactly fitted to the interior of the mould. The bottom of the mould is a movable piece n, 
which is exactly fitted into the interior of the mould, but which lies at rest in the bottom of the 
mould during the operation of moulding ; but afterwards, the movable bottom can be raised by 
pressing the foot upon one end B of a pedal-lever B S, the fulcrum of which is a centre-pin r, 
supported in a standard resting upon the floor ; the end S of the lever operates on an upright rod 
m, which is attached at its upper end to the movable bottom of the mould. A small horizontal 
table T is fixed around the mould, and on that table, a quantity of powdered clay is laid in a heap 
in readiness for filling the mould. 

The operation is very simple ; the operator holding the handle h with his right hand, puts it 
back from him, so as to turn back the screw P, and raise the slider H and plug / quite out of the 
mould e, and clear above the orifice of the mould, as shown in Fig. 1160. Then, with a bone 
spatula held in the left hand, a small quantity of the powder is moved laterally from the heap, 
along the surface of the table T, towards the mould e, and gathered into the hollow of the mould 
with a quiet motion, so as to fill that hollow very completely ; and by scraping the spatula evenly 
across the top of the mould, the supeifious powder will be removed, leaving the hollow cavity of the 
mould exactly filled with the powder in a loose state. The handle h being drawn forwards, with a 
gentle movement of the right hand, it turns the screw F, so as to bring down the slider H and 
plug / into the mould upon the loose powder, and begins to press the powder with a gentle motion, 
without any jerk, in order to allow the air contained in the loose powder to make its escape ; but the 
pressure, after having been commenced gradually, is continued and augmented to a great force, by 
pulling the handle strongly at the last, so as to compress the earthy material upon the bottom n of 
the mould, into about one-third of the space it had occupied when it was in a state of loose 
powder. 

The handle A is put back again, so as to turn the screw F, and raise the slider H and plug / 
until the latter is drawn up out of the mould e, and clear above the orifice of the mould; 
and immediately afterwards, hy pressure of the foot upon the pedal B of the pedal-lever B S, 
and by action of tlie upright rod m, the movable bottom n of the mould is raised in the mould e, 
so as to elevate the compressed material which is resting upon the bottom n, and carry it upwards 
out of the mould e, and above the orifice of the mould, when the compressed material can be 
removed by the finger and thumb. The compressed material so withdrawn is a solid body, 
retaining the exact shape and size of the interior cavity of the mould, and possessing sufficient 
coherence to enable it to endure as much handling as is requisite for putting a number of them 
into an earthenware case or pan, called a sagger, in which they are to be enclosed, according 
to the usnal practice of potters, in preparation for putting them into the potter’s kiln for firing. 

After the firing, the articles made are in what is called the “ biscuit ” state, and such as are 
required to bo glazed are dipped into the fluid glazing-compound, and are again fired. All 
small pieces made by this dry-powder process may be glazed at the first fire by introducing a 
glazing-composition within the saggers. The materials forming small articles may be so prepared 
that the articles become partially vitrefied by the heat of the kiln. 

All articles made from powdered clay contract less than those made from wet clay, and are more 
even on the surface ; and time is saved by using a dry instead of a wet material. Articles of the 
same form are more uniform in size, and join and fit at edges and angles with greater exactness. 

Encaustic tiles, as well as plain flat tiles, are made from dry powder. A thin piece of metal, 
with the pattern cut out, and fitting exactly over the indents pressed in the tile, is laid carefully 
over it, and then some coloured powder is spread over the metallic pattern, and pressed by a 
screw into the indented parts. The thin metallic plate is removed, and the superfluous clay lying 
about the surface of the tile is scraped off with a piece of steel, to fully bring out the design, as is 
done in making these tiles in the wet state. Tiles may be made in this way of half the thickness 
of those formerly made from wet clay, and of every geometrical form. It would have been im- 
practicable to produce tiles at small cost for covering walls, as is now commonly done, by the old 
way of working. 

Tiles only J in. thick of special forms are made for paintings, and are laid together ; and figures 
of life size are drawn on them in a free spirited manner, and painted. These tiles are then fired 
again to fix the colours on the glaze. Sometimes colours are printed or painted on the biscuit tile, 
and it is then fired to harden on the colour, and is afterwards glazed. Every kind of fiat ornament 
in has-relief can be pressed in powdered clay and enamelled. There are fine examples of mosaic 
and tile flooring, and of tile wall decoration, in the South Kensington Museum, suggestive of the 
use of this art in many ways; and in several of the new restaurants and hotels, are special 
examples of its use. 

In this country, where we have every variety of clay, and all the other materials necessary to 
make semi-vitreous forms of all colours, fitted for the use of the architect and civil engineer, and 
known to resist the severities of this climate better than granite, marble, or stone, it is remarkable 
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that greater attention is not given to the use of architectural pottery. By the aid of machinery, 
are produced bricks, of good shape and vritli true surface ; also plain moulded bricks, for string 
courses and cornices ; and from plaster moulds, foliated mouldings and enrichments to combine 
with such bricks; and as the description of the new mode of making flat surfaces from dry powder, 
shows that mosaic and inlaid decoration, either in biscuit or enamelled ware, can be made to aid 
decoration at moderate cost, it is to be hoped that the example set by a few architects who have 
freely used these materials may be generally followed, and that the costly material, stone, which 
soon becomes dingy, and gives way to froit and the atmosphere of large towns, will be less in 
fashion. 

Wares rendered Translucent by the fusion of an Incorporated Felspathic 

(jlass. The origin of the mannfacture, in England and on the Continent, of every sort of translncent 

ware was the wish to produce a facsimile of Chinese porcelain. The desired translucency has been 
attained with greater or less success in a variety of ways. Thepdte tendre of Sevres was in reality a 
glass, rendered snfficiently plastic by artificial admixtnre to be manipulated as clay, and fired at a 
temperature high enough to fuse the glass, but not so liigh as to injure the form of the ware. The 
resultant ware was so fragile, and the difficulties of manipulating the mixture, of supporting the 
ware during firing, and of adjusting the temperature of the kilns, were so great, that the manufac- 
ture ot pate tendre was gladly abandoned on the discovery of kaolin at St. Yrieix. English china 
is rendered translncent by the addition to a pure plastic clay of a considerable proportion of glass- 
foiming materials, but tlie propoition is so regulated that, although the ware does not require 
excessive heat for its firing, its plasticity is sufficient to facilitate manipulation ; moreover, the 
balance of fusibility and plasticity is so adjusted as to allow the introduction of sufficient calcic 
phosphate to reduce the shrinkage of tlie ware to a minimum, and at the same time greatly to add 
to its brilliancy. English china is easily worked, easily fired, and easily decorated. The hard 
porcelains of Berlin, Sevres, and other European manufaetories, resemble true Chinese porcelain in 
being produced from purely granitic materials. They differ from English china in being more 
difficult to manipulate, in requiring a higher temperature for firing, and in being less susceptible of 
receiving colour and other forms of decoration. They are superior, however, in their power of 
resisting corrosion, and of withstanding extreme changes of temperature. 

The physical structure of translucent wares may be described as that of a transparent glass, 
bolding opaque infusible particles of kaolin or other substances in suspension. Microscopic 
examination of a thin plate of hard porcelain reveals opaque rods, granules, and fragments of 
quartz, and spherical bubbles, bound together by a vitreous cement. The want of transparency is 
caused by the repeated reflection and refraction of light by these obstructive particles. The chemical 
nature of the different translucent wares is best illustrated by reference to the table of analyses 
(p. 1558). The proportions of alkalies, and of calcic, ferric, and maguesic oxides reckoned 
togetlier are, approximately, in English china, 12 ; in Parian, 8 ; in Sevres, 8 ; in Chinese, 7 ; and 
in Berlin and Japanese, 4. Of the alkaline constituents of Japanese porcelain, the sodic oxide is 
in excess ; whereas in the case of Chinese porcelain, potassic oxide preponderates. 

The raw materials nsed in the manufacture of hard porcelains are kaolin and felspar, or a 
felspathic mineral. The felspathio constituent or petuntze of the Chinese potters is potassium 
felspar, the orthoclase or adularia of mineralogists. The general processes of manufacture and 
manipulation in China and Japan are similar to those employed in Europe, although of a 
rougher character. Homogeneity is procured in the prepared mixture by repeated treading, 
and the mixture is always stored for a considerable time before being woiked into ware. 
Hand-driven throwing-wheels are employed, and dried clay is used for moulds in the place of 
plaster of Paris. The glaze, which is made of felspar and lime, requires an intense heat for its 
fusion. There are few metallic oxides, except that of cobalt, which can withstand the requisite 
temperatmre, and it is therefore necessary to apply tlie less stable colours in the form of enamels 
upon the glaze, and to fuse them at a lower heat. The wares are generally subjected to a 
moderate fire before the application of the under-glaze colour and the glaze, although it is possible 
to fire at one time for biscuit, under-glaze colour, and glaze. 

Shires hard Porcelain— The raw materials used at Sevres are kaolin from St. Yrieix, and chalk. 
The kaolin in its natural condition contains a considerable but varying proportion of felspathic 
sand. If the raw kaolin be exposed to an intense heat, it fuses to an opaline glass. In order to 
regulate the fusibility of the resultant ware, it is necessary first to separate the felspathic sand 
from the kaolin, and then to remix it in proper proportions. Separation is effected by agitating 
the raw kaolin with water in a suitable receptacle, allowing the heavy felspathic material to 
deposit, and drawing off the suspended kaolin into a second or series of receptacles, where it is 
gradually deposited, and from which the water, together with the floating and soluble impurities, 
may be run off from above. The felspathic sand is collected and- ground with water in a mill with 
stone runners. The chalk is also ground, and the kaolin, felspar, and chalk, after passing a suc- 
cession of sieves, are mixed together by measure in a liquid condition. The liquid mixture is 
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consolidated partly by the expression of the water through a filtering medinm of prepared linen, 
and partly by absorption of the water by plaster of Paris. The paste so formed is kneaded and 
beaten upon slabs of plaster of Paris, moulded into lumps, and stored in cellars for future use. 
The average proportion in which the three ingredients are mixed is : kaolin, 48 ; felspathic sand, 
48 ; and chalk, 40. The comparatively large proportion of felspar and lime renders the mass 
deficient in plasticity. To partially counteract this defect, parings of unburnt ware are mixed with 
the dried and pulverized paste. This mixture is again carefully kneaded, and incorporated with 
sufficient water to produce the amount of plasticity requisite for manipulation. The processes of 
throwing, pressing, moulding, and casting, are similar to those already described, although modified 
in certain respects to suit the nature of the mixture. Tlie mixture is less plastic, and more liable 
to defects from deficient homogeneity, than is the case with the mixture for English earthen-ware 
and china. In throwing, it is customary to subject the mass of paste, after being kneaded, to a 
preliminary moulding on the wheel, in order to ensure the regular aggregation of the constituent 
particles ; it is also usual to allow the substance of the article in the rough greatly to exceed that 
of the finished pattern, provided the internal diameter remains the same, so that the exterior may 
be pared away by turning, and signs of unequal pressure be removed. The paste is prepared 
for pressing and moulding, by the passage over it of a wooden roller running upon guides ; and 
the bat of paste is raised from the bed of plaster of Paris upon which it has been rolled, by means 
of an underlying film of skin or other material. In casting, the liquid paste is allowed to remain 
in the mould for a considerable time. 

After manipulation, the wares are gradually dried, preparatory to burning. The ovens em- 
ployed at Sevres are each divided into two kilns, an upper kiln for burning biscuit ware, and a 
lower kil n for burning the ware which has been dipped in glaze. The biscuit- and glaze-kilns 
are separated by a perforated floor, through which, the surplus heat from the glaze-kiln passes into 
the kiln above. The heat and draught of the kiln are very intense ; there is little smoke, and the 
ash is entirely dissipated. The fuel principally used is wood, aud every precaution is taken to 
prevent dust. 

The ware.s, whether for the biscuit- or glaze-kiln, are placed in saggers, and rest within the 
saggers upon flat ground slabs, made of a refractory clay dusted over with flint or fire-clay slip, 
and bedded evenly in sand. The saggers are built up by plumb line, with every precaution to 
secure the wares resting perpendicularly. The firing is regulated by the removal at stated intervals 
of small test-pieces of both biscuit and glazed ware, of the same composition as that used throughout 
the kiln, which have been previously placed in saggers from which they can be readily withdrawn 
from the outside. There are three stages in the management of the kiln : the gradual heating for 
the removal of moisture held by the body or glaze ; the actual baking of the body, and fusion of 
the glaze ; and the annealing of the glass in the body of the ware, as well as in the glaze. The 
firing may last 30-45 hours, and the kilns may remain closed after the firing, to allow of the gradual 
cooling of the ware, for a period of 5-8 days. The entire shrinkage of hard porcelain amounts to 
about 17 per cent. 

Glaze. — The material used for the glaze is a natural mixture of felspar and quartz, and is 
known as pegmatite. Its average composition is silica, 74'3 ; alumina, 18’3; potassio oxide, 6’5 ; 
calcic oxide, 0'4 ; magnesic oxide, 0'2 ; water, 0-3; and it may be approximately represented by 
the formula 2(Al20„3SiOj)+KjO,3Si02. It is therefore au ordinary glass, to which a second 
equivalent of aluminio silicate has been added, and the transparency of which is destroyed by the 
excess of infusible material. 

Each fresh supply of pegmatite is tested in order to ensure a constant result. For use, the 
pegmatite is first crushed under vertical grinding-wheels turning upon a revolving base. It is then 
ground with water in a mill with stone runners, and when reduced to a sufficient degree of fineness, 
is drawn off, sifted, agitated in the presence of magnets, in order to remove particles of iron, passed 
into a receptacle, and maintained in suspension by constant agitation. 

During the long process of grinding with water, great care must be taken to prevent a sudden 
precipitation of the material, either through the slackening or sudden stoppage of the stones. The 
tendency to precipitation may be retarded by mixing a small quantity of acetic acid with the water. 
The varioim mills at the Sevres works are moved by water-power. Into the suspended pegmatite, 
the biscuit ware is dipped, care being taken that no part of one piece remains in the glaze longer 
than another, and that the thick wares shall be dipped in a thin glaze, and the thin in a thick. 
The parts of ware which have been held in the dipper's hand are retouched with a brush dipped 
in the glaze. The wares are replaced in saggers, and the saggers are placed in the lower division 
of the oven, the heat of which is more intense than in the biscnit-kiln. The entire absence of 
lead renders the glaze when fused exceedingly hard and durable ; it is bluish in tint, and cold to 
handle. The grey tint of the body and glaze is due to the reducing action of the atmosphere of the 
kiln. The glaze is transparent, and rather more fusible thau the body, but becomes thoroughly 
incorporated with it, and, from its similarity of composition, expands and contracts nniformly with 
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the paste. The bases of ware when removed from the saggers are rubbed smooth with sandstone. 
Owing to the difiScnlty of manipulating the paste, it is customary to build up elaborate vases 
from distinct pieces, which are joined together by metallic fittings; this especirilly applies to feet 
and handles. 

Panan and Belleek . — The nearest British representatives of true porcelain are Parian and Belleek. 
The materials generally used for Parian are kaolin, felspar, and small quantities of Cornish stone 
and ball^jlay : the analysis of an average sample of Parian gives — silica, 54 • 8 ; alumina, 36 • 21 ; 
alkalies, iron, and other ingredients, 8-8. In some cases, the composition and preparation of Parian 
approaches closely to that formerly employed at Sevres in the production of the pdie tendre. A 
glass is first formed by the fusion of a mixture of sand, felspar, Cornish atone, and potassio car- 
bonate ; this is run into water whilst still hot, broken up by the action of the water, and ground 
with water in a mill with atone runners. One part of the glass is mixed with about three parts of 
ground felspar and three parts of kaolin. A hard Parian may be made from a mixture composed 
of 60 parts felspar, 30 kaolin or china-clay, and 10 ball-clay. The Parian mixture is used in the 
liquid state, and the ware is fashioned by the absorption of tbe water from the mixture, and the 
consequent deposition of the paste upon the inner surface of dry plaster of Paris moulds. Vases 
and statuettes of the greatest delicacy may be produced by these means. The contraction of 
Parian in the process of solidification by heat is greater than in any other ware, and amounts to 
i-i of the entire mass. It is worked in a state of perfect liquidity, and is rendered quite 
vitreous by fusion. The shrinkage is greater in the height of the ware than in the width, owing 
to the infiuence of gravitation. In making models for the moulds in which the wares are cast, 
provision must be made to counteract the inequality of contraction, and to bring the contraction to 
a common centre. 

In reproducing a human figure, or group of figures, every limb is cast singly in a separate 
mould, and the whole is built up piece by piece, and cemented together in the green state by the 
interposition of liquid slip. Each mould is in two pieces, fitting closely together, and fixed by 
projections on one side protruding into corresponding depressions on the other. An opening is 
left in the middle of the upper part of the junction of the two sides, through which the liquid 
mixture can be instilled from a suitable vessel. The cavity of the united mould is filled and re- 
filled as the water is absorbed, and until a sufficient thickness of paste has been deposited. So 
soon as the paste has become solid by absorption, the moulds readily deliver. The wares are 
burnt in specially-prepared saggers, and are supported in every direction by carefully arranged 
props made of refractory clay. The drapery of figures may be reproduced by spreading lace, or 
some fine textile, upon a slab of plaster, covering it with a layer of liquid paste, wrapping as 
required upon the figure, and simultaneously solidifying the paste and destroying the fabric by the 
fire to which the figure is exposed. 

The creamy tint of English Parian is due to the formation in the body of the ware of a glass 
fused in an oxidizing atmosphere, and tinted by the ferric oxide naturally incorporated with the 
constituent materials. Foreign Parian has generally a greyish tint, owing to the reductive atmo- 
sphere of the kilns in which it is fired. The name of Belleek is commonly given to a species of 
glazed and lustred Parian, but the genuine ware is made from a mixture of kaolin and felspar 
artificially prepared from red orthoclase granite, and which has the property of assuming when 
fired a natursil enamel or egg-shell film. 

Artificial Porous Ware . — Porous ware is required for several purposes, especially for water- 
coolers and the inner cells of galvanic batteries. The principle upon which this manufacture is 
based is the introduction into the clay mixture of a proportion of some organic substance which 
will be destroyed by heat. The substance generally used is saw-dust. As the battery-cells are 
required to be exceedingly regular and thin, they are formed by the process of absorption or 
“ casting” which has been already described (compare Parian). A clay containing an appreciable 
quantity of calcic oxide is unsuited for the manufacture of battery-ceUs. The moulds employed 
in the process of casting have constantly to be replaced, as they are subject to damage, by reason 
of the repeated absorption and evaporation of large quantities of moisture. 

English China . — ^English china is generally of a dead or creamy-white colour, is translucent, 
and is apparently leas cold to the touch than hard porcelain. The glaze is soft, and the ware will 
not resist extreme variations of temperature. The mixture for English china is manipulated and 
fired with greater facility and certainty than would be possible with simple granitic materials, 
and the resultant ware is adapted to a greater range and brilliancy of decoration than is applicable 
to a harder and less manageable composition. The materials employed are China-clay, or kaolin, 
ball-clay, Cornish stone, flint, and calcic phosphate, together with, in some cases, a small proportion 
of steatite, which consists of 63 silica, 33 magnesic oxide, and 4 water. The translucency of 
English china is due to the fusion of the felspar contained in the Cornish stone. The calcic phos- 
phate performs many useful fimctions. In addition to reducing shrinkage, and. enhancing the 
whiteness of the ware, it enables it by its infusibility to stand the fire requisite for the vitrification 
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of the felspar, and adds lightness without materially affecting translncency. An analysis of a 
sample of Worcester china gives: silica, 38 '88; alumina, 21 '48; calcic oxide, 10 'OS; sodic and 
potassic oxides, 2 'll; calcic phosphate, 26 '44. Every manufactory has a different mixture for 
china, but the following maybe taken as an average specimen: kaolin, 31 ‘00 ; Cornish stone, 
26 • 00 ; calcic phosphate, 40 • 50 ; flint, 2 • 50. The glaze is composed of a fused glass, ground and 
added to a mixture of Cornish stone, or felspar and plumbic carbonate. A glaze for a body com- 
posed as described might consist of 60 parts of a glass formed of — Cornish stone, 48 ; borax, 24 ; 
calcic carbonate, 20 ; potassic nitrate, 4 ; and sand, 4 ; added to plumbic carbonate, 16 ; and 
Cornish atone, 24. 

In selecting materials both for the body and the glaze, the greatest attention is paid to their 
purity, and freedom from iron. 

The processes employed in preparing the materials and manipulating the paste are similar to 
those already described under the head of Earthen-ware (p. 1573), but carried out on a smaller 
scale. The plastic clays are broken up by agitation with water, and the Cornish stone, calcic 
phosphate, and flint are ground with water under stone runners. The grinding-pans measure 
10 ft. in diameter and 3 ft. in depth, and are paved with small blocks of chert-stone. The different 
materials, suspended in water, are sifted, and run by measure into a large receptacle, in which they 
are mixed and kept in agitation by revolving arms, carrying magnets, which attract and withdraw 
from the mixture any particles of metallic iron that may be present. The mixture is thence 
pumped into a filter-press, which is generally of a lighter and simpler construction than that used 
for earthen-ware. Pressure is applied by a hand pump, and the sacks are connected by central 
fittings, which, when united, form a single central tube through the entire series of sacks. When 
the paste is taken from the sacks, it is subjected to repeated beating, turning, and kneading, before 
it is considered to be in a proper working condition. 

Another method of procedure is to dry the liquid materials separately by evaporation on a 
long shallow stone reservoir heated from beneath, and to mix the separate ingredients in the dry 
state by weight, to remix them with water, then to pump the liquid mixture first through a series 
of sieves, next through a series of stationary electro-magnets, and finally into the filter-press. 
The ingredients of the glass, which forms the largest constituent of the glaze, are mixed and in- 
troduced into the furnace represented in Fig. 1152. When melted, it is run from the furnace into 
water, broken up, dried, ground, and mixed by weight with the plumbic carbonate and ground 
Cornish stone. The mixture is then ground with water in a mill similar to, but smaller than, 
that used for grinding the hard ingredients of the body, until such time as the liquid glaze will 
pass a silk lawn containing 4000 meshes in 1 sq. in. The ovens and saggers are similar to those 
used for earthen-ware. The wares are bedded in the saggers in calcined flint, and the saggers are 
built up in airtight columns by the insertion of rolls of moist clay. The kiln for biscuit-firing 
takes 40-50 hours to fire, and about 48 hours to cool ; the glaze-kUn takes 15-20 hours to fire, 
and about 36 hours to cool, and to allow the glaze to become annealed. 

Decorative Peocebses. — The decorative effect of pottery is due to form, surface, or colour. 
Decorative form may be due to the taste and manual skill of the thrower, or, if the ware be 
moulded, pressed, or cast, it may originate with the art of the designer of the model for the 
mould. Ware, after receiving its outline from the thrower, and whilst still retaining plasticity, 
may have its form compressed, or indented, and its edges waved or crimped by the fingers, and 
according to the fancy of the artist. Ware may also be built up of detached pieces, as in the case 
of fine basket-work, and of imitation flowers. In the former, threads of clay, expressed through 
a stencil fixed in the base of a cylindrical screw-press, are twisted and cemented together, laid 
upon a plaster block of the shape which the interior of the basket-ware is intended to possess, and 
hardened by burning ; in the latter, each petal is made separately by band, and cemented together 
by liquid slip. The mouths of vessels may be artistically shaped by the insertion of “ forms ” made 
of burnt stone-ware or china. 

The colour in the body of a ware may be natural or artificial, and may be mechanically or 
chemically combined. It is due to the presence of a metallic oxide, and the colour may either 
be the actual tint of the anhydrous oxide, or the tint which a glass assumes when fused with the 
oxide. The red of terra-cotta is caused by the presence in the natural clay of ferric oxide ; and 
the buff and paler tints, by a smaller proportion, amounting to 1-3 per cent., of the same oxide, or 
by a larger proportion intermixed with lime or magnesia. The tint of ivory and cream-coloured 
ware is due to a glass coloured yellow by a minute trace of ferric oxide, and intimately mixed 
throughout the body. The mixtures for cream-colour and ivory are respectively the same as those 
used for earthen-ware and china, with the difference that clays are used containing naturally a 
slightly higher proportion of ferric oxide, and that sand is sometimes substituted for flint. 

In order to facilitate the colouring of stone-ware by the presence of artificially coloured glass, 
as for instance in making a blue ware by the addition of cobaltic oxide, it is necessary to add 
Cornish stone to the clay, so as to render the body vitreous, and to supply a flux for the colouring 
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oxide. Wedgwood’s fine “jasper” ware is an artificial mixtnre of the same character, bnt con- 
taining a large proportion of baric sulphate. This substance serves the double purpose of resisting 
fusion, and of refieoting any colour that may he incorporated in the body of the ware. An average 
mixture is, baric sulphate, 57' 1; baric carbonate, 4- 8; flint, 9‘5; clay, 28-6. The ware is 
unglazed, has a crystalline surface, is vitreous throughout, and may be coloured in the same 
manner as a glass. The sage-colour is due to chromic and cobaltio oxides ; the drab, to nickel 
oxide ; and the dove-colour, to cobaltic and manganic oxides. Stone-ware may be tinted by 
mechanical mixture with certain oxides. Thus ferric oxide gives a red, brown, or chocolate; 
manganic oxide, a black ; and uranic oxide, a yellow. Differently coloured clays may be so 
kneaded and worked together as to present a good imitation of the grain and colours of marble. 
The costly Henri-Deux ware may be reproduced by inlaying coloured clays in patterns, stamped or 
engraved in separate bats of plastic clay, adjusting the separate bats in a mould, and uniting them 
by a common backing of clay, so that they are made to combine, and assume the form of the 
mould. The body is generally white ; the inlaid ornament, brown and blank ; and the glaze, a warm 
cream-colour. 

A decorative surface may be produced by impression, incision, or application. Impressed 
decoration may be transferred from the surface of a mould, or may be directly produced by a stamp 
or seal, or by a pattern cut in relief upon the edge of a small revolving wheel ; by the repetition 
of the impression of a stamp, the effect of a diapered background may be obtained. A moulded 
pattern may be out through with a knife, so as to imitate coarse basket-ware ; and the delicate 
tracery of perforated ware may be produced in the same way, bnt with finer implements and 
greater skill. Lattice-work, executed in a similar manner, may be applied over depressions, or 
upon the surface of vessels which still retain their plasticity. A coloured clay is sometimes intro- 
duced into moulded depressions, and the surplus is removed on the lathe. 

After a vessel has been thrown, patterns may be scratched upon it with a graver ; if the clay be 
still moist, a ridge will be left by the tool on each side of the incision ; the ridge, however, will not 
be formed if the clay be already dry. If colour be afterwards applied, the ridge, when present, 
forms an outline to the colour. Kings may be left upon the surface of ware by the thrower, and 
may be carved by the artist. Etching and carving as described are generally applied to fine stone- 
ware. This ware may also be decorated by the following processes : — By dipping a dark ware in 
a light-coloured clay slip, and etching through the latter so as to disclose the dark background ; 
by modelling the borders of patterns out of strips of clay laid upon the vessel whilst still plastic ; 
by painting upon a dark body with light-coloured clay pigments, in certain cases, using a vitrifiable 
pigment, so as to become semi-transparent, and to disclose the background ; by applying to the 
surface of ware, dots, rosettes, gems, or patterns, previously moulded in plaster moulds, or modelled 
ornaments in the form of dragons or faces. The decoration known as pate sur pate, and generally 
applied upon china or porcelain, and covered with glaze, is produced by modelling in a porcelainous 
paste spread upon the surface of the ware. The surface of the ware is generally of a dull-grey or 
green colour, applied to the ware by dipping in a coloured slip or glaze. The colour shows through 
the thinner parts of the sculptured ornament, the paste employed being of a semi-vitreous character. 
The bas-reliefs applied to Wedgwood’s jasper ware are formed in moulds, and are made to adhere 
to the unbaked ware, by means of liquid slip. The ware, if it be not already coloured in its sub- 
stance, is generally dipped in a coloured slip, before the application of the bas-reliefs. Certain 
wares are decorated with flowers and delicate sprays of foliage, to the manufacture of which, refer- 
ence has already been made. 

The glaze is a simple form of applied decoration. It is, as has already been stated, a glass 
built up of two or more silicates. The normal felspathic glaze consists df sodic or potassic and 
aluminic silicates ; salt glaze, of sodic and aluminic silicates ; lead glazes are mixtures of plumbic 
with rfuminic sflicate, and small quantities of sodic and potassic silicates. There are also glazes 
containing zincio silicate, and ferric silicate, and, in some cases, one silicate is replaced by a borate. 
Glazes may be rendered white and opaque by the addition of an infusible excess of stannic and 
arsenic oxides, and may be coloured by metallic oxides, in the same manner as glasses. Glazes 
are applied by dipping, and by volatilization. The difficulty in preparing a glaze is the regulation 
of the mixture, so that the contraction of the glaze after fukon shall not be unequal to that of the 
body to which it is applied. 

The weU-known decorative effect of “crackle-glaze” is obtained by an adjusted disagreement 
between the body and the glaze. If the disagreement be allowed to go too far, the glaze chips 
away from the body. The requirements of a glaze are (1) agreement with body, (2) power of 
resisting solution and corrosion, (3) purity of colour, (4) power of developing applied colours. The 
felspathic and sodic silicate glazes are the most durable; the plumbic silicate glaze is liable to 
gradual decay, which is indicated by the appearance of a beautiful iridescent film. “ Smears ” and 
“flows” are glazes applied by volatUization. In the former process, the saggers are washed 
inside with a mixture of one or more of the following substances : salt, red-lead or litharge. 
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Jtotassio nitrate, potassic carbonate, and china stone. The ware, generally fine stone-ware, is 
exposed in these saggers, and receives a gloss by the deposition and combination of the volatilized 
mixture. The object of the use of “ flows ” is to soften or blur the outline of nnder-glaze painting 
or printing. Ammonic chloride, alum, and chalk, together with one or more of the materials used 
for “ smears,” are placed in small biscuit-cups in the saggers, together with the ware. The glass 
which is formed by the deposition of the mixture on the ware partially dissolves the colouring 
oxide, and softens the general effect. Plumbic silicate glazes are coloured by metallic oxides, and 
are used for colouring ware. In this way, imitation “ crown ” ware is often manufactured. A 
mottled or marbled surface is sometimes produced on ware by instilling differently coloured glazes 
from a vessel containing several chambers communicating with a composite neck. Opaque glazes 
or enamels are used to conceal a coloured body. Majolica is generally made of common fire- 
clay or marl, and is coated with opaque white enamels, upon which, whilst still moist, coloured 
enamel decoration is applied. Limoges ware is a clay body decorated by the aid of coloured 
enamels. 

In Cloissonne ware, the outline is marked out by metallic threads soldered to a metallic body, 
and the interstices are filled up with enamels. Imitation Cloissonne is produced by painting on a 
white clay body with coloured enamels, or by forming a raised outline by painting with a mixture of 
iron and copper dust, hardening the same by fire, and filling in with colour. Paiissy ware has a 
white or coloured body, covered with transparent coloured glazes. Bristol ware is coloured by 
coloured felspathic glazes. A curious lustrous or glistening effect may be caused by applying coarsely- 
powdered mica to the surface of ware. Genuine lustre or iridescence is produced by the irre- 
gularity of a glazed surface, caused either by decay, or by the adhesion of an almost imperceptible 
metallic film. Bismuth, gold, silver, copper, zinc, iron, and platinum are used for this purpose. 
The metallic salt is generally mixed with some strong reducing agent, and applied to the ware as a 
paint. The ware is then fired in a reducing atmosphere, the salt is reduced, and the metal is 
fixed upon the glaze of the ware by heat. 

For Brianchon’s lustre, which is similar to that used at Belleek and Worcester, a mixture is 
used of bismuth nitrate, resin, and essence of lavender. If ferric or uranic nitrate be added to this 
mixture, the glaze of the ware will be tinted by the ferric or uranic oxide, and the effect of the 
lustre will be heightened. Instead of applying the reducing agent together with the metallic salt, 
a reducing vapour may be directed upon a pigment rich in copper, silver, or other metals, with 
similar results. The red lustre of Gubbio ware is due to the action of smoke upon cupreous 
oxide; it is usually applied to a coloured body. Gilding and silvering are performed by fixing 
metallic gold and platinum upon glazed ware by partially fusing the glaze in small muffles or 
kilns adapted to the purpose. The metals may be used in leaf, as amalgams, in powder, or as pre- 
cipitates firom solutions. When used as an amalgam or in powder, a small quantity of flux is 
added. 

Gold may be precipitated from solution by ferrous sulphate; the precipitate, after washing 
and drying, is mixed with bismuth oxide, and mixed as a pigment with thickened oil of turpentine. 
Platinum sponge may be similarly treated. A bright silver may be obtained by using as a pigment 
a mixture of platinic chloride and essence of lavender. The gold powder and amalgams require 
prolonged and careful grinding before they are fitted for use as pigments. 

The metal, after firing, is generally dull, and if a bright gold is needed, it must be burnished 
by rubbing over with an agate or bloodstone. “ Chasing ” is marking with a burnisher a bright 
pattern upon a dull unbumished ground. The gold pigment may be applied over raised bosses of 
paste, or over depressed patterns eaten into the glaze by hydrofluoric acid. Patterns may be 
painted with the brush, and lines may be accurately described upon the edge or sides of ware by 
applying the brush, and causing the vessel to turn upon the operatoPs hand, or upon a hori- 
zontally revolving wheel. Patterns may also be stencilled on the ware with charcoal, and gilded 
over. 

By mixing gold with silver in various proportions, and using the mixtures as pigments, a large 
number of tinted golds and bronzes may bo obtained. Coloured decoration upon the surface of 
ware is produced by metallio oxides dissolved in or covered by the glaze, or by the application of 
opaque coloured glasses. Metallic oxides applied on the body of ware and under the glaze, as well 
as those mixed with the glaze, obtain the glass necessary for their development from the glaze. 
Metallic oxides applied on the glaze are used in the form of coloured glasses or enamels. The 
latter may always be detected by the touch, as they are raised above the level of the glaze. Colours 
produced by certain oxides are developed by special media, and certain colours are able to with- 
stand a much higher temperature than others. To the latter class, belong the oxides of cobalt, 
chromium, iron, titanium, and uranium ; these are adapted to English underglaze decoration ; bnt 
the blue produced by cobaltic oxide is the only colour able to resist the intense heat required to 
fuse the glaze of Oriental and Continental hard porcelains. . 

Zinoic oxide tends to brighten a large number of colours ; others cannot be developed without 
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the addition of stannic or sodic oxides ; and others, especially the pinks produced by gold, deteri- 
orate in the presence of plumbic oxide. The subjoined oxides when mixed with a glass give the 
following results : — Ferric oxide, yellow ; ferrous oxide, green ; manganic oxide with sodic oxide, 
violet, passing to grey and black ; chromic oxide, yellow ; a trace of chromic oxide with stannic 
oxide, pink ; pink, crimson, brown, black, and green are obtained for underglaze printing colours 
from various combinations of chromic oxides ; all kinds of overglaze greens, and some yellows, are 
due to the same oxide ; cobaltic oxide, blue, deepening to black, and brightened by zincic oxide, 
but injured by the presence of manganese or nickel as impurities ; cupric oxide with sodic 
oxide, turquoise-blue, passing to green ; cupreous oxide, red ; auric oxide with stannic oxide, pink to 
purple ; uranic oxide, yellow to orange ; titanic oxide, yellow ; antimonic oxide, yellow ; plumbic 
oxide, pale-yellow ; iridic oxide, black or opacity. All intermediate tints may be obtained by 
mixing the oxides. 

Certain colours cannot withstand a high temperature, and other colours vary in tint with 
variations of temperature. Upon this fact, pyrometrical tests for buming-in coloured glasses and 
enamels are based. The heat of a muffle is ascertained by withdrawing from time to time a piece 
of china or porcelain marked with a glaze containing auric and stannic oxides. As the temperature 
rises, the tint changes from brown to brick-red, from brick -red to rose, from rose to purple, from 
purple to violet, from violet to pale-rose, and &om pale-rose to a colourless stain. Wedgwood’s 
pyrometer, which has been sometimes used for the same purpose, is based upon the regular con- 
traction under the influence of heat of an unbnmt clay mixture of known composition. Small 
cylinders of this clay mixture are expressed through a gauge, and after being dried, but brfore 
being placed in the kiln or muffle, are tested in a gradually tapering groove cut in copper or gun- 
metal. They are then placed in the muffle, and withdrawn when the temperature is to be deter- 
mined. The temperature can be roughly estimated according to the position iu the groove to 
which the contracted cylinder can be advanced, by reference to a scale determined by previous 
experiment. 

Underglaze coloured decoration may be placed upon biscuit ware by the brush, or by a process 
of transfer printing. Only those oxides can be used for producing colour which are sufficiently 
stable to resist the heat of the glaze-kiln, namely those of chromium and cobalt. The pattern to 
be transferred is etched upon copper plates with steel gravers. When in use, the plates are kept 
warm by placing them on the top of a covered stove heated by steam, gas, or coal. The printing 
medium containing the colouring oxide is made up of a mixture of thickened linseed-oil, rosin, tar, 
and other ingredients, and is kept in a semi-liquid glutinous condition by exposure to heat. The 
ink is applied to the plate, and all the superfluity is dexterously removed by a scraper. A sheet of 
unsized linen tissue-paper, saturated with soft soap and well damped, is next spread upon the 
plate, and passed through the printing-machine. 

The printing-machine, Fig. 1161, consists of an iron framework supporting two rollers, the upper 
one of which is partly wrapped with thick flanneL Between the two rollers, is a planed iron table, 
upon which, the copper plate is placed. By depressing 
the handle, the upper roller revolves, and causes the 
table to carry the plate between the two rollers. The 
resultant pressure transfers the ink from the copper 
plate to the paper. The printed paper is removed 
from the plate, and the margins are cut away. The 
paper pattern is applied to the absorptive surface of the 
biscuit ware, and is rubbed over with a roll of flannel. 

The ware is then placed in water, the paper is removed, 
and the pattern is found to be accurately printed. The 
printed ware is now dried, placed upon shelves in a 
kUn, and exposed to a red heat, in order to bum off the 
oily ingredients with which the metallic oxide was 
mixed. If the oUy matter be not removed, the parts of 
the ware so covered will be non-absorptive, and unable 
to receive the glaze. After the ware has been gradually 
cooled, it is ready for dipping iu the liquid glaze. By 
this process, outlines to be filled in by hand-paintiug, 
or patterns in one tint, can be printed. In order to print 
different shades of colour, a process known as “block-printing” must be adopted. In printing a 
leaf by this process, the different colours of the shadow, fibre, and ground are successively applied 
by separate plates upon the same paper, but care is taken that no two colours shall overlap. The 
pattern is transferred to the ware in the same manner as already described. The highest form of 
coloured decoration upon the glaze is hand-painting. Transparent coloured glasses and opaque 
enamels are used by the artist in the same manner as ordinary pigments, with the exception 
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that all have to be fired by heat, and allowance mnst he made for the changes in tint which the 
firing may protluce. So great skill has lately been devoted to the preparation of these colours, 
that almost every known tint may he satisfactorily represented. 

liaised effects and ornaments in relief may be executed in colour by modelling with a clay 
paste upon the surface of the ware, exposing to beat, and then painting with coloured enamels. 
Photography has not as yet been employed directly as a decorative process. There are two 
mechanical processes, in addition to ordinary printing, for producing coloured decoration upon the 
glaze, namely “ ground laying ” and “ bat printing.” The first is employed when an even coloured 
surface is required. The parts to remain white are painted by hand with a mixture of potassic 
carbonate and some adhesive vehicle, and the whole is then coated with oil. The coloured glass, 
or mixture of metallic oxide and flux in an exceedingly fine powder, is dusted over the whole 
surface, and adheres to the oil. The ware is then dipped into water, and the alkaline stencil reacts 
with the oil immediately in contact with it, causes it to saponify and peel off, carrying the colour 
with it, and leaving the space white. The ware is then dried and fired. “ Bat printing ” is used 
when exceedingly sharp outlines are required, as for instance for crests and monograms. The 
partem is very finely etched on a copper plate, to which oil is applied, but almost entirely removed 
by friction from the operator’s palm. Films of gelatine or glue are applied to the copper plate, 
and absorb the residue of the oil remaining in the lines of the engraving. The gelatine is applied 
to the ware, and transfers the pattern in oil to its surfaee. Powdered enamel is dusted on, and 
adheres to the lines printed in oil by the gelatine film. Printing may be exeented on the glaze in 
the same manner as on biscuit, by incorporating a flux With the ink, and moistening the paper 
with essence of turpentine before its removal ; or by removing the paper by heat, and dusting an 
enamel colour upon the adhesive outline which remains. In the latter case, the ink contains no 
colouring oxide, but is only an adhesive mixture. The construction of small mills, for the reiluc- 
tion of gold and other colouring ingredients to the state of fineness required for painting or 
printing, is of considerable importance. The following are descriptions of two which are considered 
serviceable. In one, a number of glass “ muUers ” fixed in a frame, to which a horizontal eccentric 
motion is communicated, press by means of springs upon a slowly revolving glass table. In the 
second, a single oval glass muller moves over a 2-ft. ground-glass slab, which is caused to revolve 
in an opposite direction to the muller. The motion of both is so arranged that the muller shall 
successively pass over the entire surface of slab. The muller is grooved on its base, to prevent 
suction, and carries a scraper, which directs the substance to be ground between the grinding 
surfacea ‘ 

The author desires to express his acknowledgments for special assistance remlered by the 
following well-known practical authorities: — T. Minton, C. Wedgwood, E. W. Binns, E. Stiff, 
Copeland, L. Amoux, Abrahams, Brown, Westhead & Moore, Boulton, and A. Peto. 

Bibliography . — A. Beckwith, ‘ Pottery ’ (New York ; 1872) ; P. Bonneville and A. & L. Jaunez, 
‘ Les Arts et les Produite Ceramiques ’ (Paris : 1873) ; ‘ Modern Pottery Machinery ’ (London : 
1876); ‘ Artizans’ Keports on the Paris Exhibition ’ (London : 1878). H. J. P. 
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PRUrTUrG and UNGRAVlIfG (Fb., LnpHmerie et Gravure; Geb., Buchdruckerhinst und 
Stecherei). 

In the present article, the terms “ printing ” and “engraving” will be extended to embrace the 
following subjects: — Letter-press printing; printing in colours, and chromo-lithography; type- 
writing; autographic processes (manifold writers); engraving on wood, copper, steel, stone, and 
zinc ; photographic processes (e. g. heliotype, Woodbury-type, Dallas-type, &c., &o.). 

Letter-press Printing’. — So little change has tiken place of late years in the ordinary 
routine of letter-press printing, that there is no ground for an exhaustive essay on the subject. 
Progress is to be noted exclusively in the perfection of machinery for accomplishing the various 
objects, and to this branch, attention will be confined. It may be conveniently divided into four 
sections — composing-machines, printing-presses, finishing-machines, and cutting-machines. 

Composing-machines. — One of the most remarkable inventions in connection with printing in 
modem times is the Clowes composing-machine, shown in Fig. 1162. It is the invention of John 
Hooker, a compositor in the employ of Wm. Clowes & Sons, Limited, of London and Beceles, 
and is in a certain degree based upon Mitchell's composing-machine exhibited in 1862. The 
machine is triangular, the sides measuring 5 ft, 5 ft., and 7 ft., the base forming the front. The 
table a is about 3 ft. above the floor ; over it, travel a number (48) of endless tapes 6, from the 
back towards a collecting-tape c passing from left to right. Over each of the tapes b, is a trough d 
filled with types lying on their sides, feet foremost. At the bottom of each trough d, is a little 
stop, on which the types rest ; and jnst above it, on one side, is a knife or striker in communication 
with an armature. Electricity is provided by a couple of Grove’s cells, or otherwise, and a series 
of wires connects the electro-magnet of each armature with the “ setting-board,” to be presently 
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described. When the electric circuit is complete, the armatare is attracted to its electro-magnet, 
and the striker pushes the lowermost type out of the trough upon the tape b immediately below it, 
by which it is conveyed to the collecting-tape e. The tapes b are driven by power at the rate of 
7 in. a second, and the tape c at 21§ in. ; the relative positions and speeds of the tapes 6 and c are 



so adjusted that each ty^ shall unerringly assume the position corresponding to the order required 
by the^ matter to be printed. The setting-board e is placed in a convenient position for the 
compositor. It is divided into a series of copper discs describing'the form of the receptacles of an 
ordinary lower case; each disc is connected by a wire with the electro-magnet of the letter 
indicat^ while a second wire from the opposite pole of the battery terminates in a copper stylus, 
which is held by the compositor. Composition is effected by tapping with the stylus upon each 
disc in succession, according to the letters required ; and as contact with any portion of a disc 
s^ces to establish the circuit and bring down a type, while the area of the setting-board is only 
about 12 m. by 6 in., the process is exceedingly rapid. The setting-board does not embrace every 
letter and sign ; those of rare occurrence are omitted, and a supply of them is kept in a small ease 
/ at the compositor’s left hand, so that he can readily select tliem and get them into place by 
means of a Uttle spout provided for the purpose over a spare tape. The composed matter forms 
one continuous line, which is removed at intervals and justified. Into this Une, only one type can 
enter at a time; in case of any derangement or obstruction, a lever breaks the connection and the 
machine is arrested till it has been rectified. The effective capacity of this machine amounts to 
10,000 types hourly set up in page form, employing four lads setting, justifying, and replenishing 
the type-troughs. Only one fount can be used at a time, but the machine U adapted to take 4 or 5 
different founts by simply exchanging the types. 

Printing-Presses.— In the article “ Press ” in ‘ Spons’ Dictionary of Engineering ’ pp 2660-2670 
will be found detailed descriptions and illustrations of the most notable improvements in printin<rl 
presses up to that date. Since then, the following has been introduced = 

Ingram’s.-This is a web rotary machine, invented for printing illustrated newspapers, and 
used for the Illustrated London Sews and other papers issued from the same office It is the 
invention of W. J. Ingram, and is made by Middleton & Co., Loman Street, Southwark It is 
illustrated in section in Pig. 1163 : A is the toU of paper, containing a length of 2-3 miles •’ B the 
type- and impression-cyUnders for printing the inner forme, or type-side of the paper- O 
calendering- or smoothing-rollers, to remove the indentations produced by the impression of B so 
that a smooth surface is preserved to receive the outer forme, or iUustrated side of the paper which 
IS printed by D; B, cylinders, one provided with a saw-toothed knife, and the other ’with a 
corresponding mdentation, to perforate the paper between each impression ; P, roUers for holding 
the paper securely, to resist the effect of G. which are called snatching-rollers, and, bein- driven at 
a rather higher surface-speed than the holding-rollers, snatch or break the paper at"the places 
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where it has been perforated, and form it into separate sheets. As it is found that machinery for 
folding newspapers works mnch better at a moderate speed, in this case, it has been arranged in 
duplicate, so that each folder only works at half the speed of the printing-machine. The vibrating 
arm H delivers the sheets alternately to K and J, which are carrying-tapes leading to the two 
folding-machines. If the sheets are wanted unfolded, the arm H is moved to its highest position, 



and there fixed ; it then delivers the sheets to the roller L, and, by means of a blast of air and a 
flier, they are laid in a pile on a table provided for them. This change can be made without 
stopping the machine. The dotted line from A to L indicates the course of the paper through the 
machine. The effective capacity is 6500 copies printed and folded per hour. This machine has 
proved so superior for all illustrated work that it is coming into use among first-class general printers. 

Finishing-machines. — Gill’s rolling- and finishing-machine, made by Fnrnival & Co., Manchester, 
is in almost universal use among English printers. The latest improved form is shown in 
Fig. 1164. The printed sheets are fed from the table a by means of endless carrying-tapes 6, 


list. 



between two rolls c, which are hollow, so as to receive steam, when it is desired to hot-roll the 
paper. The psissage between the rolls gives a polished surface to each side of the paper. The 
finished sheets are delivered by another endless tape d to a table. An indiarubber “ doctor ” or 
scraper cleanses the faces of the rolls from any possible adhesion of ink after each sheet has passed 
through. 

Cutting-machines . — One of the most improved “ guillotines,” or paper-cutting machines is that 
invented by Salmon & Capper, Manchester, and shown in Figs. 1165-6: A is the side frames; 
a, wheel with crank for giving motion to the knife-bar ; 6, knife-bar, with diagonal slots, to give 
the lateral movement as it descends ; V, parts of the rods between the knife-bar and beam ; 
c, slotted link, jointed to the upper edge of 6; d, clamping-plate, bearing a bowl d' upon a stud, 
and a second bowl cP at the back. One end of the screwed rod « is jointed to a projection c' from the 
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link c, the other end sliding throngh a hole in a Bwiyd-piece e', having pivots earned by bra<iets 
bolted to the end of the knife-bar, A steel spring c* is placed npon the screwed bar, abntting 
against the swivel-piece at one end, and against screw-nnts e* at the other. When tlie knife-bar b 
descends, and the clamp c? comes npon the paper to be ent, its descent is arrested, and as the knife- 
H65. 1166- 



bar continues its downward movement, the bowl d' in the clamp remains stationary, acts npon the 
slotted link c, and causes it to assume a greater or less angle, according to the thickness of the paper 
being cut. 

Printing in Colours, and Chromo-lithograpliy. — Printing in colours as usually effected 
requires a separate impression to be taken for each colour, as great difiSculty is experienced in 
combining the pigments for a polychrome print so as to complete the operation by one impression, 
on account of their varying densities and consistencies. W. G. White claims to have overcome the 
obstacle, and to have developed a process which is said to be in use on an extensive scale in Paris. 
His method, so far as divulged, is as follows. The prepared pigment chosen for the ground of the 
design is first run into a mould, so as to form a solid block about Sin. thick. The pattern is traced 
with a steel point upon a sheet of “ artificial talc,” made from a mixture of collodion and oil, and this 
is pressed npon the block, so as to leave an impression of the lines upon its surface. The pattern 
is then cut out of the block by a sharp steel knife mounted on the end of an articulated parallelo- 
gram, so as to be maintained in a vertical position, while at the same time having a perfectly free 
horizontal motion. The various pigments forming the designs are then poured into the spaces cut 
out, a kind of mould being formed temporarily by a portion of the ground colour, supplemented 
by strips of wood soaked in water. The paint is poured in hot and liquid, and, as soon as it has 
cooled, another is added, and so on, nntU the whole design is finished, thus forming a complete 
mosaic. In the case of a large subject, various portions of the block may be executed by different 
operators at once, and then joined together ; the method is also being tried of cutting out the whole 
pattern in wood or metal, by means of a band-saw, and then forcing the die so formed into the block 
of ground colour, so as to stamp out the colour therefrom. The mosaic, or “ type,” as it is called, 
is put into a powerful press, resembling that used by lithographers, and is first shaved by a heavy 
steel knife, so as to render the surface perfectly even and smooth. The material to be printed upon 
is then laid free downwards on the slightly moistened block, and a series of rollers are passed 
over it once or twice, when the impression is found to have completely penetmted its substance. 
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The print is exposed for a few seconds to the heat of a hot plate, for driving off the solvents 
employed, and perhaps fixing the colonra, which are printed so permanently as to withstand 
exposure to the sun, and when a piece of velvet printed in this manner was boiled for 8 hours in 
strong potash solution, the colour did not entirely disappear. Water-colour drawings and oil- 
paintings may be reproduced by this process, so as to present the appearance of chromo-lithographs 
and oleographs respectively. But it is stated to have a far more extended application, in printing 
upon textile febrics the designs of Gobelins and Arbusson tapestry, to form curtains, portieres, &c. 
The range of materials capable of being treated appears to be extensive, as the same design has 
I)eeu reproduced upon fine silk and the coarsest jute sacking, both impressions, it is said, presenting 
all the necessary sharpness of outline. 

Bacon’s multicolour printing-press, shown at the recent fair of the American Institute, will print 
in 8 colours at a single impression. This is attained by a special arrangement of the inking-table, 
which, instead of being in a single piece, is composed of a number of narrow cast-iron plates held 
in a frame. These plates are formed of four distinct parts, and are wide in the centre and taper 
conically toward the extremities. This mode of construction allows them to move easily on each 
side at every revolution of the table, and has nearly the effect of an articulated joint. The end 
piece near the ink-trough is stationary. The various coloured inks are placed in the ink-trough, 
which is divided into cells by metallic partitions. Directly over the trougli, is an iron frame 
carrying a set of screws and nuts. By tightening these screws, which are placed over the metallic 
partitions, the inks as they fiow beneath are prevented from mixing. The inking-rollers, instead of 
being fixed at a certain angle relative to the table, are arranged so as to run perfectly straight, the 
distribution being effected by the plates. The inks are spread on the multiple table in the usual 
way. As a consequence of the motion of the articulated joint, the inking-table is caused to move 
slightly at every revolution of the table, and the ink is thus as well distributed as if several 
rollers were used. The movable plates which constitute the inking-table are of different widths, 
so that the uppermost or the lowest line in a page can be printed in a colour selected beforehand. 
Motion is communicated to the movable plates by a small lever which hangs under the table, and 
which rests on a small vertical iron plate affixed to a cross-stay of the machine. 

Chromo-lithography varies from simple colour work to tinted lithography and oleography. All 
coloured lithographs require a separate stone for each colour ; hence to ensure tlie correct position of 
each impression, it is necessary to have a “key-stone,” on which the limits of each colour are 
distinctly and accurately laid down, the key-stone itself being omitted in the printing, except for 
common work. The “set-off” or “faint,” which is the “ trace ” produced by an impression from 
the key-stone in an ordinary press (as described under Engraving on Stone), must have the exact 
dimensions of the original, to ensure which, it is best to use good, stout, cream-wove note-piiper, 
taking care that it is dry and well rolled, and the key-stone quite dry, and performing the operation 
witliout delay. The impression may be dusted over with red chalk, and snapped with the finger- 
nail to remove excess, and may then be laid upon another stone, and passed through a press to 
communicate the image. As to the order in which the colours should be printed, this depends 
somewhat upon the effect desired, but the general rules are that a dust-colour should always 
precede (not follow), and that transparent colours should succeed opaque ones, the common order 
being (1) dust-colours, (2) blues, (3) reds, (4) yellows, (5) outline- and finishing-colours. 

“ Eegistering,” or adjusting an already-printed sheet to the stone for further additions, is a delicate 
operation, which may be performed in three separate ways. The most simple is the “ lay.” The 
paper should possess well-defined comers and edges, and its size is determined before making a 
set-off. This done, a “lay” corresponding to the edge of the paper is made on the stone, and the 
subject is thus brought into position on the sheet, the lay being then drawn in fine lines of litho- 
graphic ink, so as to print on the set-offs throughout. A set-off is made for each colour, and the 
lay-mark is permanent. When printing a light colour, the lay-mark may be rendered permanent 
by covering the place with gum, and making scratches through it when dry to coincide with the 
marks replaced, marking with common writing-ink, and washing the gum away when dry. The 
second method is by needles, taking advantage of permanent lines in the picture, or making tiny 
marks at the edges. The needles consist of slips of wood or cane IJ in. long and J in. thick, 
penetrated by a sewing-needle so that about 1 in. projects. The set-off on the stone is perforated 
by the needles at two opposite comers, and the sheet is pricked at the corresponding corners. Tlie 
needles are passed through the sheet from the back, and the sheet is thus dropped into its place on 
the stone, while the operator withdraws the needles and his fingers. This method is simple when 
the paper exceeds the size of the stone. A third plan differs from the last only in having the 
needles fixed in a lath. These three methods (particularly the two first), though in very general 
use, present some objections, the removal of which is sought to be accomplished by two more lecent 
plans. The first of these consists in letting leaden plugs about f in. long and | in. diameter into 
the stone for the reception of fixed wire pegs at the centre of each end of the stone, which are 
made to project about -j'j in., and to puncture each set-off. When the stone much exceeds the size 
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of the paper, one peg may he soldered to a strip of brass tinned at the bach, and fixed to the stone 
by blowing on a piece of shellac. The second improved method is to fasten two brass strips, 
shaped respectively like the letters | L, to the key-stone by means of shellac, and placing identical 
marks on each stone. Begistering-machines have been devised, but are not in general use. 

The paper for colour-printing must be thoroughly stretched by rolling after it comes into the 
lithographer’s hands. The temperature and degree of moisture of the room must be kept as constant 
as possible, to prevent stretching and shrinking in the paper. When printing on damp paper, it must 
be kept damp by covering it, and placing it out of draughts. The drying of the ink after each 
impression is best done in a special apartment at a sufficiently high temperature ; in this case, the 
paper should be similarly dried before making the first impression. The surface of the stone 
used is polished when pen or brush is to be employed, but grained for chalk and tints, the 
graining being coarser for colour than for black. The “ setting-off ” of colours may be avoided by 
dusting the printed sheets with a powder of chalk, talc, or magnesia, but this is liable to deaden 
the colours. 


The tints for imitating the light washes of colour in water-colour drawings and similar work, 
are produced in various ways, on the principle of covering the stone with a fatty substance in such 
a manner that it would roll up of full strength all over, except where part had been removed. 
When chalk is to be imitated in the tints, the stone must be coarse, but very sharp-grained, 
and the set-off must be made clearly visible throughout the operation. The set-off being made 
on the grained stone, the margin and high lights are stopped out uith gum and acid, and the ground 
is laid. Should the set-off be too weak, an impression dusted with red chalk or vermilion may be 
registered upon it, and lightly pressed. The ground forming the tint must be hard enough to bear 
scraping without smearing, must roll np solidly after etching, and must be removable by solvents 
of fats. Of the several substances that may be used, preference is given to Brunswick-black and 
copal-vamish. The evenly laid ground is left to dry, and the lights are put in by the scraper 
and preserved by etching. In producing tints of various gradations, the ground must not be laid 
on with the roller, as in the preceding case, but by warming the stone, and applying “ mbbing-in ” 
ink till the grain is filled in, then removing the excess of ink by a piece of woollen. The whole 
subject of tinlB, and the pigments and driers employed to produce them, is one of great intricacy, 
and demands unusual care and experience. The beat works on the subject will be found quoted in 
the bibliography at the end of this article. 

Mention may here be made of a machine and process designed by Arthur Bigg for doing 
away with the necessity for having a separate stone for each colour, at least in the case of such 
work as map-outlines. These outlines are laid down on a thin sheet of brass, and the various 
colours, placed aide by side in cakes in an iron ftame, are cut apart by scissors. Each piece of 
brass is then laid upon a cake of the required colour, and made to adhere to it, and the colour 
is cut to the exact foim of the plate by a small wire-band saw. When all the pieces are furnished 
with colour, the whole is put together in the chase, and welded into homogeneity by warmth and 
pressure. The coloured ground-work being printed, an impression from the black “key-stone” is 
made on the top. 


The chromo-lithographic machine made by 6. Mann & Co., Leeds, and in most general use in 
this country, as well as largely on the Continent, is shown in Pig. 1167. 

Type-writing.— During the last 25 years, a great number of machines have been introduced 
for writing by means of type-letters. The following are the most notable examples. 

J. Pratt’s (of Alabama) has the type fitted on the face of a small plate, about f in. sq. This is 
supported vertically before a frame carrying the paper by an arrangement of levers capable of 
pving It Imth vertical and horizontal motion. -The plate is thus shifted into any position, and any 
type reqmred can be brought opposite the point where the impression is taken. As this is done 
the same mechanism which moves the plate sets in motion a small hammer, which strikes the 
wf" in plate, and forces it against the type, thus producing an impression. 

When the carbon paper is used, several copies can be taken. In order to limit the number of kevs 
requirt^ to operate the levers for shifting the type-plate, there is one set of keys for giving the 
vertical movements, and another for giving the horizontal movements. Thus for each letter it is 
required to move two keys ; but as each key of one set could be used with e^ch key of the other 
^t, a much smaller numb^ of keys is necessary than if one key were requisite for every letter 
It may ^e it appear clearer to say that the depression of one key brings into posiLn the 
vertical line containing the ty^ wanted, and the horizontal line containing the ^e type; 

rCnl • f ® letter needed is to be fo^d^ 

f f, o •“P'ession. The paper is carried in a small frame 

traversed after ^ch letter by a rachet-wheel and pall. At the end of a line, the frame is raised 
by a rack worked by a separate key, and at the same time thrown back to the proper side of the 
machine for commencing a fresh line. s' e ni me 

Sir 0. Wheatstone invented several type-writing machines. No. 1 is in its main features some- 
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what like Pratt’s. The paper is held in a vertical frame sliding in gnides across the machine, and 
the impression is produced by the blow of a small hammer on the type, the paper being interposed 
between the hammer and the type, and the type moved to its proper place each time. The 
differences, however, in the methods of mounting the types and actuating the mechanism are very 
great. The type is set in three rows on tlie periphery of a small wheel on a vertical spindle. 
Thus, by shifting the wheel up or down (in the direction of its axis) the line containing the letter 



required is brought to the proper point on a level with the hammer, and by rotating the wheel, the 
letter itself is brought rovmd. Both these motions are effected by depressing the same key, there 
being a key corresponding to each letter on the type-wheel. The spindle of the type-wheel is 
rotated by a spring, which gives the traverse to the paper, and which therefore is wound up by 
drawing the frame back to its original position after the completion of each line. The depression 
of the key, acting through an arrangement of levers, raises the type-wheel to the required height, 
and, at the same time, sets free a catch, so that the wheel is turned round by the spring till it is 
caught by the second catch, the position of which corresponds with that of the letter required. The 
hammer is worked by an arrangement something like that used in the piano, and so mounted that 
the blow is given after the type has been brought into position. The action is somewhat heavy, 
and unless the key is depressed sharply, and with a little jerk, the hammer is not operated, and 
consequently no impression results. But the machine as it stands is capable of very satisfactory 
work. The other three forms are on a different principle, but much alike among themselves. The 
types are set each on the end of a small lever, and these levers are arranged side by side in the form 
of a quadrant, each lever being pivoted freely. The whole set of levers is connected with a 
sliding plate, by shifting which to the right or left a suitable distance, any one of the levers is 
brought over the point where the impression is to be taken. The type being thus held over the 
proper spot, a small hammer strikes it down on the paper below. The sliding plate extends along 
the front of the instrument parallel with the row of keys, which resemble piano-keys. It has in it 
a number of slots, into each of which a pin slides, the arrangement being such that each pin and 
slot moves the plate a certain distance, differing from that lo which any other pin moves it, and 
corresponding with the distance necessary to bring the letter required into action. Each pin is 
aetnated by one of the keys of the key-board. Thus, by depressing the proper key, any required 
letter is brought under the hammer. The types are charged with ink by being brought against 
an inking-pad at wch side, as they move. The paper on which the impression is to be received is 
fitted on a cylinder, which is revolved continuously. The writing is consequently carried round 
and round the cylinder. As soon as it reaches the spot where it began, the cylinder is shifted 
longitudinally, so that a fresh line is commenced. There seems no reason why a reciprocating 
plate, with suitable means for shifting it at the end of the line, should not be substituted for the 
obviously inconvenient cylinder. With this improvement, perhaps, a machine of this character 
might be brought into practical use. In its present form, the arrangement which prevents the use 
of paper of any other than a certain size and shape is a considerable drawback. 
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In E. M. Hansen’s “ writing ball,” the- chief peculiarity is that tlie keys are all arranged over 
a semi-spherical surface, which, to a certain extent, conforms to the shape of the hands. The 
keys are formed of pistons, set as radii of the sphere, so that each key strikes at the same spot. 
The keys are depressed directly by the fingers, and are raised by small springs. The paper 
(carbonized and white) is carried either by a cylinder or a plate under the “ ball.” In the original 
machine, the paper was moved continuously by clockwork, or a small electrical motor ; but in the 
more recent forms, the paper is traversed by a movement derived from the key which is depressed. 
This slightly depresses the bed on which the paper is supported, and by suitable apparatus, this 
movement is caused to carry the paper forward a single space. It is stated that with practice, 
great rapidity can be attained by the machine, and the direct action of the keys on the paper 
enables considerable force to be applied, and consequently a large number of “ manifolded ” copies 
to be obtained. 

The “ Eemington ” machine has in front a key-board holding the letters and numerals ; on 
pressing any one of the keys, a small lever bearing the corresponding letter is made to strike 
against a ribbon saturated with prepared ink (presumably glycerine and an anUiue violet), over 
which, the paper is held on a roller. Each letter strikes at the same spot, but the roller and paper 
move one space forward after each letter, so that each letter falls into its proper place. The 
mechanism is very simple, the levers carrying the letters being actuated by an arrangement 
similar to that of a piano, and strong on a circular wire, so that they all strike into the centre of 
the circle. As soon as a line is finished, the roller is taken back to its original position by a 
treadle, and is at the same time revolved one tooth of a rachet-wheel, so as to bring a fresh line 
under operation. The type is all “ small ciipitals,” and the printing is regular and even. It is 
said to be easy to attain twice the speed of ordinary writing. The machine will “ manifold” about 
20 legible copies with carbon-paper. 

In A. Barlow’s machine, a vertical cylinder carries the types, and is raised or lowered to bring 
the required letter opposite the place on the paper where it is to be impressed. This raising or 
lowering is effected through the action of one key, which, being raised or lowered to a certain 
height, acts through suitable mechanism to raise or lower the type-cylinder likewise. The key is 
slotted with a number of slots corresponding to the number of letters ; the finger being placed 
over the slot, and the key depressed, it descends until it reaches the level of a pin which enters 
the slot and is stopped by the finger. All the other pins pass freely tlirough their slots. 

The “ Crandall ” type-writer (Caldwell, New York), is a small machine costing 10/., weighing 
9 lb., mechanical and automatic in action, self-contained, and manipulated by 27 keys. It writes 
capitals, small letters, script, numerals, and all the various stops and signs. The keys are grouped 
to facilitate the writing of oft-recurring smiill words. Each letter is written in front of the 
operator, and can be seen as soon as written ; 60-70 words a minute can be written after short 
practice, and over 100 by experts. It manifolds readily. Circulars written by it go as “ printed 
matter ” by post. 

Autographic Processes— Maiiifold Writers.— Perhaps the most simple and' effective 
methods of obtaining a very limited number of copies of a document by one operation of writing 
are the ordinary pencil and carbon-paper, and the familiar copying-ink and tissue-paper. For 
obtaining a large number of copies, however, while too few for a lithographic press, several 
methods have been recently introduced. 

In Zuccato’s “papyrograph,” a sheet of fine paper is saturated with a resinous varnish, and 
dried. On it, writing is made with an ink consisting of a strong solution of caustic soda, slightly 
coloured in order to be more obvious to the eye. The soda immediately attacks the resinous 
preparation of the paper, converting it into a soap. The sheet is floated on water, the written side 
being upwards ; the water soon penetrates the softened parts, making the written lines stand up 
in bold relief as ridges of fluid. The paper is now removed from the surface of the water, and 
pressed between folds of blotting-paper, after which it is once more floateo on the surface of the 
water, and again blotted off, in order to remove the remainder of the resin soap. The sheet thus 
prepared forms a stencil, of which the general ground is impervious to moisture, while the written 
lines, being denuded of varnish, are quite porous, and afford an easy passage to an aqueous liquid. 
In the early days of papyrograph printing, a pad, saturated with persulphate of iron, was placed 
at the back of the stencil, while the paper to be printed on was moistened with a solution of 
ferrocyanide of potassium. The iron salt being forced through the porous lines by a gentle 
pressure, reacted on the ferrocyanide; a blue impression was the result. It is now, however, found 
to be more convenient to print from the stencil by means of an aniline colour dissolved in 
glycerine, and the colouring power of this kind of ink is so great that dry paper may be used for 
receiving the impression. On a velvet pad which has been moistened with a solution of auUine 
blue in glycerine, is laid the paper stencil, this having been previously brushed over at the back 
with a little of the ink. It is now merely necessary to place sheets of paper on the upper face of 
the stencU, and to apply gentle pressure by means of an ordinary copying-press, in order to obtain 
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copies rapidly and easily. The copies can be printed off more quickly by this process than by 
typography or lithography. About 600 copies can generally be taken from one stencil. 

Another class of printing stencil is made by the mechanical perforation of suitable paper or 
tissue. Stencils perforated by a rapidly rising and falling needle-point, actuated by a treadle, 
have long been used for the printing of embroidery patterns. In such a case, powdered colour, 
mixed with resin, is dusted through the stencil, after which the device is fixed by the application 
of sufScient heat to soften the resin. Edison proposes to use such perforated stencils for ordinary 
autographic printing purposes, and replaces the complex treadle perforating-machine by a kind of 
pen, in which a needle-point is made to move rapidly up and down by means of a small electric 
motor attached to the instrument. When Edison’s electric pen is connected with a battery of two 
elements, the needle rapidly passes in and out of the perforated point of the instrument. If written 
with on a piece of blank paper, the paper becomes perforated. The sheet of ink-proof paper having 
been written on with the electric pen, can be used as a printing stencil by merely laying it down on 
a sheet of white paper and passing an inking-roller over its back. The operation of printing is very 
rapid, so that many copies can be produced in a short time. Other perforating pens have followed 
in the wake of Edison’s electric instrument, among which may be mentioned the “horograph,” a 
very convenient and portable clockwork pen, manufactured by Newton, Wilson, & Co., of Cheapside. 
A pneumatic pen, in which the motive power is a stream of air supplied from a foot-bellows, has 
also been introduced into the market. A still more complex and expensive arrangement than eitlier 
of the preceding, for producing perforated stencils, consists of an induction coil, capable of giving a 
sufficiently powerful spark to perforate the stencil-paper ; and this spark is made to continually pass 
between a partially insulated metallic pen and a metallic plate, on which the stencil-paper is laid. 

All these perforating arrangements have the disadvantages of being expensive, complex in 
construction, and liable to get out of order when used by unskilled persons, while the perpendicular 
position in which the mechanical perforating pens must be held, necessarily hampers the freedom 
of the writer. In a new perforating method recently introduced by Zuccato, the impervious 
stencil-paper is laid on a hardened steel plate, cut on the face like a fine file, and the writing is 
executed by means of a point or style of hardened steel. Under these circumstances, the teeth 
of the file-like plate perforate the paper wherever the point of the style exerts pressure, and a 
BtencQ eminently adapted for printing from is the result. This kind of printing is called “ trypo- 
graph.” A sheet of the prepared paper is laid on the file-like plate and written upon with the 
hardened steel pencil, the operation of writing being as easy as if a pencil were employed. By 
fixing the stencil on the frame of a desk-like press, placing a sheet of white paper underneath, 
and then pushing over the upper surface of the stencil an indiarubber scraper or squeegee charged 
with printing-ink, the ink passing through the perforation produces a copy of the original writing. 
As many as 6000 copies can be obtaiued from one stencil. Thin metallic plates are readily 
perforated by Zuccato’s method, and calico receives the trypographic impression admirably. 

Pumphrey's “ collograph ” depends on the fact that when a film of moist bichromated gelatine 
is brought into contact with ferrous salts, tannin, or certain other substances, the gelatine is so far 
altered as to acquire the property of attracting a fiitty ink. Fumphrey supplies plates of slate or 
glass covered on one side with a thin film of gelatine, and these are prepared for use by being 
soaked in a weak solution of potassium bichromate, all excess of moisture being then removed by 
first wiping with a cloth, and afterwards rolling paper on the damp surface. A drawing or 
writing, which has been made with either an ordinary iron and gall-nut ink, or with a special ink, 
is transferred to the prepared plate, just as in the case of the transfer to zinc. The original being 
removed, the plate is inked by means of a roller, moistened by a sponge, in order to remove any 
trace of ink from the ground, and then printed from, much as if it were a lithographic stone, or a 
zincographic plate. 

There are some methods, which are rather copying than printing processes, as they depend on 
the writing of an original with a very intense ink, and then dividing the ink, so as to obtain a 
number of feebler copies. The ordinary method of obtaining one or two reverse copies of a letter- 
on thin paper is of this nature ; but these processes, which are capable of yielding 30-60 fairly 
good copies, depend on the use of a solution of an aniline colour for writing. In the ease of 
copying processes introduced by Pumphrey and Byford, the writing is executed with a strong 
solution of an aniline colour on thin, and tolerably hard, paper. The writing quite penetrates tie 
thin paper, and on pressing a sheet of moistened paper against the back of the original, some of 
the aniline colour will set off on the damp paper, giving a direct copy of the original writing. In 
the same way, numerous copies may be produced ; but processes of this kind cannot reproduce very 
fine lines with distinctness. A somewhat analogous arrangement for obtaining numerous copies is 
afforded by Waterlow’s “ multiplex copying portfolio” and its contents. The writing is done with 
the aniline ink, and a damp sheet of very soft and porous paper is pressed down on the writing. 
This soft paper absorbs a large proportion of the aniline ink, and itself forms a reversed printing- 
surface, capable of yielding a considerable number of direct copies to damp sheets of paper. 
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The jnst-described copying processes labour under the disadvantage of requiring the use of 
damp paper for receiving the impression; but this difficulty has been overcome in an arrangement 
which has been introduced under the names of “ hectograph ” and “ chromograph,” these differing 
from each other rather as regards detail than kind. The writing is executed on ordinary writing- 
paper with an aniline ink, and when the lines have dried, the original is transferred to the surface 
of a slab of soft gelatinous composition, analogous to that used for making printers’ rollers, contact 
being established by a gentle rubbing with the hand. The original, after being allowed to remain 
in contact with the gelatine slab for about two minutes, is stripped oft leaving the greater part 
of the ink on the gelatine. To obtain the copies, it is now merely necessary to lay paper on the 
slab, and either rub down with the hand, or establish contact by means of a soft roller. The 
requisite number of copies having been obtained, or the colour on the lines being exhausted, the 
slab can be cleaned by means of a damp sponge, when it is again ready for use. A composition for 
making the slab may be prepared as follows : — 1 lb. of gelatine is soaked in water until it becomes 
flaccid, after which it is melted, in a water-bath, with 6 lb. of common glycerine, the heat being 
maintained for a few hours so as to drive off all excess of water. The mixture is then poured out 
into zinc trays J in. deep, and allowed to set. The ink may be prepared by dissolving one part of 
aniline violet (blue shade) in a mixture of seven parts of water and one of alcohol. Letters written 
in coloured inks wfll give 1.^0 copies, and in special black ink, 50 copies. The process is also 
known as the “Vienna multicopyist.” Another composition for the slab consists of 130 parts 
water, 75 sulphate of baryta, 30 gelatine, 30 sugar, 180 glycerine. 

lEograving. On Wood. The Block. — The best wood for the purposes of the engraver is box 
(see Timber), whether English, American, or Levantine ; it should be light straw-yellow in colour, 
and free from black or white spots and red streaks, which indicate a soft wood. Small wood is 
generally pretty free from blemishes. The supply of good box-wood is by no means plentiful, and 
several other kinds of wood have been proposed or adopted as substitutes, the principal being 
sycamore and pear (much used for large coarse cuts, but too soft and irregular for fine work), piacha, 
persimmon, and American dog-wood ; all these are described in the article on Timber. A sub- 
stance deserving careful trial for this purpose is celluloid (see pp. 610-8), which might be obtained 
in sheets of any desired size. When wood is used, a large cut often necessitates the bolting together 
of several small ones. Wood blocks are about 1 in. high, and are then planed down to the exact 
height of type, and brought to a very smooth surface. They require keeping for some months 
to become seasoned. 

Drawing on the Block. — Before any drawing can be made on the polished surface of the block, 
the latter must receive a slight wash. This is made with water and Chinese white, or very fine 
Bath-brick dust, or the scrapings of glazed cardboard ; it is gently rubbed off when dry, leaving 
a surface on which the pencil will take. A tracing of the outline of the subject is made, and placed 
on the block with a piece of transfer-paper between, remembering that the picture will be reversed 
in printing. Every line is gone over with a sharp point. The outlines are then corrected and 
completed by a sharp-pointed H H H H pencil, the tints being afterwards filled in by a softer pencil, 
or thin washes of Indian-ink, to show the effects of light and shade. All washes must be used 
with such care as not to affect the wood by their moisture. The portions of the block not under 
immediate operation are kept covered with smooth, blue, glazed paper, to preserve them from 
injury, and reduce the glare fiom the lamp. 

Proofing. — When the drawing is finished, a proof may be taken in the following manner, 
before blocking out the cut, that is, before the superfluous wood is cleared away:— Bub down 
a little priuting-ink on a slab till it is fine and smooth; take some of this on a silk dabber, 
and carefully dab the block until sufficient ink is left upon the surface, without allowing any to 
sink below it. Lay a piece of India paper on the block, with about 2 in. margin all round ; on 
this, place a thin smooth card ; rub this over with the burnisher, taking care not to shift the card 
or paper. 

The Lamp. — A clear and steady light, directed immediately upon the block to be cut, is a most 
important point, and in working by lamplight, it is necessary to protect the eyes from the heat and 
glare. The lamp shown at A, Fig. 1 168, can be raised or lowered at pleasure, by sliding the bracket 
up or down the standard, it being fixed in the desired position by means of the small set-screw. 
A large globe of transparent glass, filled with clean water, placed between the lamp and the block, 
causes the light to fall directly upon the latter. The dotted line shows the direction of the light ; 
by lowering the lamp, this light would take a more horizontal direction, thus enabbng the engiaver 
to work farther from the lamp. A shade over the eyes is occasionally used as a protection from 
. the light of the lamp. 

The Tools. — The tools consist of gravers, tint-tools, gouges or scoopers, flat-tools or chisels, and 
a sharp-edged scraper, something like a copper-plate engraver’s burnisher, which is used for 
lowering the block. Of each of these tools, several sizes are required. 

The “outline-tool,” B, Fig. 1168, is chiefly used for separating one figure from another, and for 
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ontlines : a ia the back of the tool ; b, the face ; c, the point ; d is technically tenned the belly. 
The horizontal line 1-2 shows the surface of the block. All the handles when received from the 
turner are circular, but as soon as the tool has been inserted, a segment is cut away from the lower 
part, so that the tool may clear the block. The blade should be very fine at the point, so that the 
line it cuts may not be visible when the block ia printed, its chief duty being to form a termination 
to a number of lines running in another direction. Although the point should be fine, the blade 


lies. 



must not be too thin, for it would then only make a small opening, which would probably close up 
when the block was put in the press. When the tool becomes too thin at the point, the lower part 
must be rubbed on a bone to enable it to cut out the wood instead of sinking into it. Kine 
“ gravers ” of diflferent sizes, starting from the outline-tool, are sufficient for ordinary work. The 
blades as made are very similar to those used in copper-plate engraving ; the necessary shape for 
wood engraving is obtained by rubbing the points on a Turkey stone. The faces, and part of the 
backs, of nine gravers are shown at C, Fig. 1168 ; the dotted line a-c shows the extent to which the 
tool is sometimes ground down to broaden the point. This grinding rounds the point of the tool, 
instead of leaving it straight, as shown at a-b. Except for the parallel Hues, called “ tints,” these 
gravers are used for nearly all kinds of work. The width of the line cut out is regulated by the 
thickness of the graver near the point, and the pressure of the engraver’s hand. 

The parallel lines forming an even and uniform tint, as in the representation of a clear sky, are 
obtained by what is called the “ tint-tool,” which is thinner at the back, but deeper at the side, 
than the graver, and the angle of the face at the point is much more acute, as shown at D, Fig. 1168 : 
a is a side view of the blade ; 6 shows the faces of nine tint-tools of varying fineness. The handle 
is of the same form as that used for the graver. The graver should not be used in place of the tint- 
tool, as, from the greater width of its point, a very slight inclination of the hand will cause a per- 
ceptible irregularity in the distance of the lines, besides tending to undercut the line left, which 
must be carefully avoided. E, Fig. 1168, shows the points and faces of the two tools, from a 
comparison of which, this statement will be readily understood. As the width of the tint-tool at 
6 is little more than at a, it causes only a very slight difference in the distances of the lines cut, if 
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inclined to the right or the left, as compared with the nse of the graver. Tint-tools that are strong 
in the back are to be preferred, as less likely to bend, and giving greater freedom of execution than 
weak ones. A tint-tool that is thicker at the back than at the lower part, leaves the black raised 
lines solid at their base, as at F, Fig. 1 168, the block being less liable to damage than in the case of 
G, Fig. 1168, in which the lines are no thicker at their base than at the surface. The face of both 
gravers and tint-tools should be kept long rather than short ; though if the point be ground too 
fine, it wUl be very liable to break. When, as at H, Fig. 1168, the face is long, — or, strictly speaking, 
when the angle formed by the plane of tlie face and the lower line of the blade is comparatively 
acute,— a line is cut with much greater clearness than when the face is comparatively obtuse, and the 
small shaving cut out turns gently over towards the hand. When, however, the face of the tool 
approaches to the shape seen at J, Fig. 1168, the reverse happens; the small shaving is ploughed 
out rather than cleanly cut out, and the force necessary to push the tool forward frequently 
causes small pieces to fly out at each side of the hollowed line, more especially if the wood is dry. 
The shaving, also, instead of turning aside over the face of the tool, turns over before tbe point, and 
hinders the engraver from seeing that part of the pencilled line which is directly under it. A short- 
faced tool of itself prevents the engraver from distinctly seeing the point. When the face of a tool 
has become obtuse, it ought to be ground to a proper form ; for instance, from the shape of the 
figure K to that of L, Fig. 1168. 

Gravers and tint-tools, when first received from the makers, are generally too hard — a defect 
that is soon discovered by the point breaking off short as soon as it enters the wood. To remedy 
this, the blade of the tool must be tempered to a straw-colour, and either dipped in sweet oil, or 
allowed to cool gradually. If removed from the iron while it is still straw-coloured, it will have 
been softened no more than suflicient ; but should it have acquired a purple tint, it will have been 
softened too much, and instead of breaking at the point, as before, it will bend. A small grindstone 
is of great service in grinding down the faces of tools that have become obtuse. A Turkey stone is a 
very good substitute, as, besides reducing the face, the tool receives a point at the same time ; but 
this requires more time. Some engravers use only a Turkey atone for sharpening their tools; a 
hone in addition is of great service. A graver that has received a final polish on a hone cuts a 
clearer line than one which has only been shaipened on a Turkey stone ; it also cuts more pleasantly, 
gliding smoothly through the wood, if it be of good quality, without stirring a particle on either 
side of the line. The gravers and tint-tools used for engraving on a plane surface are straight at 
the point, as represented at M, Fig. 1168 ; but for engraving on a block rendered concave in certain 
parts by lowering, it is necessary that the point should incline slightly upwards, as at N, Fig. 1168. 
The dotted line shows the direction of the point used for plane-surface engraving. There is no 
difSoulty in getting a tool to descend on one side of a part hollowed out or lowered ; but unless the 
point is slightly inclined upwards, as shown, it is extremely difficult to make it ascend on the 
opposite side, without getting too much bold, and thus producing a wider white hue than 
intended. 

Gouges O, Fig. 1168, of different sizes are used for scooping out the wood towards the centre of 
the block ; whilst flat tools, or chisels, are chiefly employed in cutting away the wood towards tbe 
edges, about | in. below the subject. The gouge is similar to an ordinary carpenter’s gouge, 
except that it is solid, being a rmmd bar, with the end ground off at an angle. The other articles 
required are a sand-bag, on which to rest the block whilst engraving it ; an agate burnisher and 
a dabber, which are used for taking proof-impressions of the woodcut ; an oil-stone, and eye-glass 
with shade. 

Holding the Graver. — ^Engravers on copper and steel, who have much harder substances than 
wood to cut, hold tbe graver with the forefinger extended on the blade beyond the thumb, as at 
P, so that by its pressure the point may be pressed into tbe plate. As boxwood, however, is much 
softer than these materials, and as it is seldom of perfectly equal hardness throughout, it is neces- 
sary to employ the thumb at once as a stay or rest for the blade, and as a check upon the force 
exerted by the pahn of the hand, the motion being chiefly guided by the forefinger, as shown at Q, 
Fig. 1168. The thumb, with the end resting against the side of the block, in the manner repre^ 
seuteJ, allows the blade to move backwards and forwards with a slight degree of pressure against 
it, and in case of a slip, it is ever ready to check the graver’s progress. This mode of resting the 
thumb against the edge of the block is, however, only applicable when the cuts are so small as to 
allow the graver, when thus guided and controlled, to reach every part of the subject. When 
the cut is too large to admit of this, the thumb rests upon the surface of the block, as at K 
Fig. 1168, BtiU forming a stay to the blade of the graver, and checking at once any accidental slip.' 

Plugging. — If a slip or mistake occurs in a woodcut, it may be remedied by the insertion of a 
plug into a hole drilled in the block. If the error is a small one, the hole need not be deep ; but if 
a large piece has to be inserted, it must be deeper in proportion. A plug is cut, of a round, taper 
shape ; the small end is inserted in the hole, and the plug is driven down, without, however, using 
too much force. The top of the plug must then be cut off, and carefully brought to a smooth 
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surface, level with the rest of the block ; if this is not done, the plug will be visible on the print. 
If the error to be remedied happens to be in a long line, a hole must be drilled at each end, and 
the wood between the two holes removed by small chisels, the hollow space being filled up in a 
similar way to that described. 

On Copper . — Engraving on copper is performed by cutting lines representing the subject on a 
plate of copper by means of a steel graver or “ burin. ” 

The Plate. — The plate must be perfectly polished, quite level, and free from imperfection ; to 
this, must be transferred an exact copy of the outlines of the drawing. To do this, the plate is 
uniformly heated in an oven or otherwise, till it is sufBciently hot to melt white wax, a piece of 
which is then mbbed over it and allowed to spread, so as to form a thin coat over the whole 
surface, after which, it is left in a horizontal position till the wax and plate are cold. A tracing 
having been taken of the original design with a graphite pencil on a piece of thin tracing-paper, 
it is spread over the face of the prepared plate, with the lines downwards, and, being secured from 
slipping, a strong pressure is applied, by which operation the lines are nearly removed from the 
paper, being transferred to the white wax on the plate. The pencil-marks on the wax are now 
traced with a fine steel point, so as just to touch the copper ; the wax is then melted off, and a 
perfect outline will be found on the copper, on which the engraver proceeds to execute his work. 

The Tools. — Besides the graver, ending in an unequal-sided pyramidal point, the other instru- 
ments used in the process are a scraper, a burnisher, an oil-stone, and a cushion for supporting the 
plate. In cutting the lines on the copper, the graver is pushed forward in the direction required, 
being held at a slight inclination to the plane of the copper. The use of the burnisher is to soften 
down the lines that are cut too deeply, and for burnishing out scratches in the copper ; it is about 
3 in. long. The scraper, like the burnisher, is of steel, with three sharp edges to it ; it is about 
6 in. long, tapering towards the end. Its use is to scrape off the burr raised by the action of the 
graver. To show the appearance of the work during its progress, and to polish off the burr, 
engravers use a roll of woollen, or felt, called a rubber, which is used with a little olive-oU. The 
cushion, which is a leather bag about 9 in. in diameter, filled with sand, for laying the plate upon, 
is now rarely used except by writing engravers. For architectural subjects, or for skies, where a 
series of parallel lines is wanted, a ruling-machine is used, which is exceedingly accurate. This 
is made to act on an etching ground by a point or knife connected with the apparatus, and bit-in 
with aquafortis (commercial nitric acid) in the ordinary way. 

Facing with Iron. — The relative hardness of iron and copper furnishes a means of greatly 
Increasing the number of impressions that may be taken from a copper plate. Ordinary copper 
plates will not afford more than 800 good impressions without re-touebing. This may be success- 
fully increased to 2000 by electro-depositing a surface of iron upon the plate, and this surface may 
be renewed Indefinitely. The necessary apparatus consists of a Bunsen’s battery (20 elements) and 
a guttapercha-lined trough (45 in. long, 22 in. wide, 32 in. deep) filled with a solution of 100 lb. 
sal ammoniac to 1000 lb. water ; to the positive pole of the battery, is attached a sheet of iron of the 
dimensions of the trough, and immersed in the liquid, while another plate of half the size is simi- 
larly fixed to the negative pole. After several days, the bath should be fit for use, the battery 
having meantime received necessary attention. The iron sheet at the negative pole is now replaced 
by the copper sheet to be coated, and momentary immersion should sufiSce to cover it with an iron 
deposit ; if not, the bath is not yet ready. The copper plate must not remain in the bath after the 
bright iron coating appears blackish at the edges. Immediately the coated copper plate is removed 
from the bath, it is carefully washed under a water-jet of some force ; when dry, it is again washed 
with spirit of turpentine, and is ready for printing from. Before re-coating the plate, the residue 
&om the former coat must be removed by washing in nitric acid diluted with 8 parts of water, 
taking care to cleanse the plate from this acid liquid the moment the iron has disappeared, or the 
copper will begin to undergo similar destruction. 

On Steel . — Engraving on steel is the same as copper-plate engraving, except in certain modifi- 
cations in the use of the acids ; therefore, so far as the process itself is concerned, no particular 
description is necessary ; but the means employed for first decarbonizing and recarbonizing the 
steel plate, so as to reduce it to a proper state for being acted upon by the graving tool, must be 
explained. In order to decarbonate the surfaces of cast-steel plates, by which they are rendered 
much softer and fitter for receiving either transferred or engraved designs, fine iron-filings, 
divested of all foreign matters, are used. The stratum of decarbonated steel should not be too 
thick for transferring fine and delicate engravings ; for instance, not more than three times the 
depth of the engraving ; but for other purposes, the surface of the steel may be decarbonated to 
any required thickness. To decarbonate it to a proper thickness for a fine engraving, it is exposed 
for four hours to a white heat, enclosed in a cast-iron box with a tight lid. The sides of the box 
must be at least j in. thick, and at least a thickness of | in. of pure iron-filings should cover or 
surround the cast-steel surface to be decarbonated. The box is allowed to cool very slowly, by 
shutting off all access of air to the furnace, and covering it with a layer of 6-7 in. of fine cinders. 
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Each side of the steel plate must be equally decarbonated, to prevent it from springing or warping 
in hardening. The safest way to heat the plates is to place thtun in a vertical position. The best 
steel is preferred to any other for the purpose of making plates, and more especially when such 
plates are intended to be decarbonated. The steel is decarbonated solely to render it sufficiently 
soft for receiving any impression intended to be .made thereon ; it is, therefore, necessary that, 
after a piece of steel has been so decarbonated, it should, previously to being printed from, be 
again carbonated, or reconverted into steel capable of being hardened. In order to effect this 
recarbonization, or reconversion into steel, the following process is employed. A quantity of 
leather is converted into charcoal, by exposing it to a red heat in an iron retort until most of the 
vaporizable matter is driven off. The charcoal is reduced to a very fine powder ; a box made of 
cast-iron of sufficient dimemions to receive the plate which is to be reconverted into steel, so that 
the intermediate space between the sides of the box and the plate may be about 1 in., is filled 
with the powdered charcoal. Having covered it with a weU-fitting lid, it is placed in a furnace 
similar to those used for melting brass, where the heat is gradually increased until the box is 
somewhat above a red heat ; it is allowed to remain in that state till all the vaporizable matter 
is driven off from the charcoal. The lid is removed from the box, and the plate is immersed in 
• the powdered charcoal, taking care to place it so that it may be surround^ on all sides by a 
stratum of the powder of a nearly uniform thickness. The lid being replaced, the box, with the 
plate, remains in the degree of heat before described for 3-4 hours, according to the thickness of 
the plate so exposed ; 3 hours are sufficient for a plate J in. thick, and 5 hours when the steel is 
1 J in. After the plate has been exposed to the fire for the proper length of time, it is taken from 
the box, and immediately plunged into cold water. It is found by experience that the plates, 
when plunged into cold water, are least liable to be warped or bent when they are held in a 
vertical position, and made to enter the water in the direction of their length. If a piece of steel, 
heated to a proper degree for hardening, be plunged into water, and suffered to remain there until 
it becomes cold, it is very liable to crack or break, and, in many cases, it would be found too hard 
for the purposes for which it was intended. If the steel cracks, it is spoiled. Therefore, to fit it 
for use, should it not be broken in hardening, it is the common practice to heat the steel again, 
in order to reduce or lower its temper. The degree of heat to which it is now exposed determines 
the future degree of hardness, or temper, and this is indicated by a change of colour upon the 
surface of the steeL During this heating, a succession of shades is produced, from a very pale 
straw-colour to a very deep blue. It is found that, on plunging the steel into cold water, and 
allowing it to remain there no longer than is sufficient to lower the temperature of the steel to the 
same degree as that to which a piece of hard steel must be raised to temper it in the common way, 
it not only produces the same degree of hardness in the steel, but, what is of much more import- 
ance, admost entirely does away with the risk of its cracking. The proper temperature arrived 
at, after being plunged into cold water, can only be learned by actual observation, as the workman 
must be guided entirely by the kind of hissing noise which the heated steel produces in the water 
while cooling. From the moment of its first being plunged into the water, the varying sound 
will be observed ; and it is at a certain tone, before the noise ceases, that the effect to be produced 
is known. As a guide, take a piece of steel which has already been hardened by remaining in the 
water till cold, and by the common method of again heating it, let it be brought to the pale- 
yellow or straw-colour, which indicates the desired temper of the steel plate to be hardened. By 
this experiment, as soon as the workman discovers the colour to be produced, he will be able to 
judge of the precise time at which the steel should be taken out. Immediately on withdrawing 
it from the water, the steel plate must be laid upon or held over a fire, and heated uniformly until 
its temperature is raised to that degree at which a smoke is perceived to arise from the surface of 
the steel plate after having been rubbed with tallow ; the steel plate must then be again plunged 
into water, and kept there until the sound becomes somewhat weaker than before. It is taken 
out, heated a second time to the same degree as before, a third time plunged into water till the 
sound becomes again weaker than the last, exposed a third time to the fire as before, and for the 
last time returned into the water and cooled. After it is cooled, the surface of the steel plate is 
cleaned by heating it over the fire. The temper most be finally reduced by bringing on a brown, 
or such colour as may suit the purpose required. The engraving is effected by graving and etehing 
like copper ; for biting-in, a mixture of 1 part pyroligneous acid, 1 nitric acid, and 3 water is used ; 
it is run off from tlie plate in less than a minute; the plate is rinsed in running water, and dried 
quickly. Stronger acid is used when a deep)er tint is required. 

Engraving Steel Cylinders . — A cylinder of very soft or decarbonized steel is made to roll, under 
great pressure, backward and forward on the hardened engraved plate, till the entire impression 
from the engraving is seen on the cylinder in alto-relievo. The cylinder is theu hardened, and 
made to roll again backward and forward on a copper or soft steel plate, whereby a perfect fac- 
simile of the original is produced of equal sharpness. 

On Stone. — Lithography, or engraving on stone, depends upon the following principles : — 
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(1) The facility with which calcareons stones imbibe water ; (2) the great disposition they have to 
adhere to resinons and oily substances ; (3) and the afBnity between oUy and resinous substances, 
and their power of repelling water. Hence, when drawings are made on a polished surface of 
calcareons stone, with a resinons or oily medium, their adhesion is so great that only mechanical 
means can effect their separation ; and while the other parts of the stone take up the water poured 
upon them, the resinous or oUy parts repel it. When, therefore, a coloured oily or resinous 
substance is passed oyer a stone prepared in this manner, it will adhere to the drawings, but not 
to those parts of the stone which have been watered. 

The Stones. — The stones used in lithography come principally from Germany, but it is said that 
the Bavarian quarries are exhausted of the best kind, and that the finest stones are now obtained 
from Bruniquel, Tam, and Garonne, in France, and a somewhat inferior quality from Vigan. 
A bed of lithographic stone 12 yd. thick has recently been discovered at Longinowka, in Galicia. 

Stones are prepared for chalk drawings by rubbing two together, with a little silver sand and 
water between them, taking care to sift the sand from large grains, by which the surface would 
be scratched. The upper stone is moved in small circles over the under one, till the surface of 
each is snfBciently even, when they are washed, and common yellow sand is substituted for the 
silver sand, and produces a finer grain. They are then again washed clean, and wiped dry. It 
wiU be found that the upper stone is always of a finer grain than the under one. To prepare 
stones for writing or ink drawings, they are rubbed with brown sand, washed, and rubbed with 
powdered pumice ; the stones are again washed, and each polished separately with a fine 
piece of pumice, or water Ayr-stone. Chalk can never be used on stones prepared in this manner. 
The same process is followed in order to clean a stone that has already been used. 

The Ink and Chalk. — Besides the inks described on p. 1172, the following may be used: — 
Tallow, 2 oz . ; virgin wax, 2 oz. ; shellac, 2 oz. ; common soap, 2 oz. ; lamp-black, i oz. The wax 
and tallow are first put in an iron saucepan with a cover, and heated till they ignite ; whilst they 
are burning, the soap is thrown in in small pieces, one at a time, taking care that the first is 
melted before a second is put in. When all the soap is melted, the ingredients are allowed to 
continue burning tUl they are reduced one-third in volume. The shellac is now added, and as 
soon as it is melted, the flame is extinggiished. It is often necessary in the course of the operation 
to extinguish the flame, and take the saucepan from the fire, to prevent the contents from boiling 
over j but if any parts are not completely melted, they must be dissolved over the fire without 
being again ignited. The black is next added. When it is completely mixed, the whole mass is 
poured out on a marble slab, and a heavy weight 4 h^'d upon it to render its texture fine. The 
utmost care and experience are required in the making both the ink and chalk. Sometimes it is 
not suflSciently burned, and, when mixed with water, appears slimy : it must then be remelted, 
and burned a little more. . Sometimes it is too much burned, by which the greasy particles are 
more or less destroyed ; in this case, it must be remelted, and a little more soap and wax be added. 
This ink is for writing or pen-drawing ou the stone. The ink for transfers should have a little 
more wax in it. The chalk consists of 1 J oz. common soap, 2 oz. tallow, oz. virgin wax, 1 oz. 
shellac, | oz. lamp-black, mixed in the same way as the ink. 

The Transfer. — Transfer-paper for lithographic purposes is made in the following way : — J oz. 
gum tragacanth is dissolved in water, strained, and added to 1 oz. glue and J oz. gamboge; 4 oz. 
French chalk, J oz. old plaster of Paris, and 1 oz. starch are powdered, sifted through a fine sieve, 
and ground up with the gum, glue, and gamboge ; sufficient water is then added to give an oily 
consistence, and the compound is brushed ou to thin sized paper. The drawing or writing, made 
on the prepared side of the transfer paper, is wetted on the back, and placed, face downwards, on 
the stone, which must previously be slightly warmed, say to about 52° (125° F.). The stone is 
passed through the press four or five times ; the paper is then damped, and carefully removed. 

Drawing on the Stone. — ^The subject is first traced on the stone in red, great care being taken 
not to touch the stone with the fingers. Or the drawing may be done by means of a black pencil ; 
but this is objectionable, as it is difficult to distinguish the line from that made by the chalk or 
ink. Then, having a rest to steady the hand, the drawing is gone over with the chalk, pressing it 
with sufficient firmness to make it adhere to the stone. For flat tints, considerable practice is 
necessary to secure an even appearance, which is only to be obtained by making a great many 
faint strokes over the required ground. Lights may either be left, or, if very fine, can be scraped 
through the chaik with a scraper. If any part is made too dark, the chalk must be picked off 
with a needle down to the required strength. 

Preparing for Printing. — Alter the drawing on the stone has been executed, and is perfectly 
dry, a very weak solution of nitric acid (1 part iu 100 of water) is poured upon the stone, which 
not only takes up the alkali from the chalk or ink, as the case may be, leaving an insoluble 
substance behind it, but lowers, to a small extent, that part of tlie surface of the stone not drawn 
upon, thus preparing it to absorb water with greater freedom. Place the stone in a sloping 
position, then pour the solution over it, letting it run to and fro until it produces a slight effer- 
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vescence. Then wash the stone with water, and afterwards ponr weak gnm-water over ik The 
acid, by destroying the alkali on the lithographic chalk, causes the stone to refuse the printing- 
ink except where touched by the chalk; the gnm-water fills np the pores of the stone, and thus 
prevents the lines of the drawing from spreading. When the stone is drawn on with ink, there 
must be a little more acid used with the water than when the drawing is made with chalk. The 
roller charged with printing-ink is then passed over the stone, which must not be too wet, and the 
impression is taken by passing through a press, in the usual manner, the processes of watering and 
inking being repeated for every impression. If the work is inclined to get smutty, a little vinegar 
or stale beer should be put into the water that is used to damp the stone. 

Engraving on Stone. — The stone must be highly polished. Pour the solution of aquafortis 
and water over it, washing it off at once. When dry, cover with gum-water and lamp-black ; let 
this dry, then etch with a needle, as on copper. It is necessary to cut the surface of the stone 
through the gum, the distinction of light and dark lines being obtained by tiie use of fine- and 
broad-pointed needles. Bub all over with linseed-oil, and wash the gum off with water. The 
lines on the stone will appear thicker than they will print. 

To Imitate Woodcuts on Stone. — Cover with ink those parts meant to be black ; scratch out the 
lights with an etching-needle ; the lines which come against a white background are best laid on 
with a very fine brush and lithographic ink. 

To remove a Transfer. — The existing transfer is ground away by rubbing it with another 
piece of stone, putting sand between, using finer sand as it gradually wears away; then it is 
ground with rotten-stone, till of the requisite fineness for the next transfer. 

Transferring from Copper to Stone. — ^In transferring from copper to stone, use is made of pre- 
pared paper, that is, ordinary unsized paper, coated with a paste of starch, gum arable, and alum. 
About 60 parts of starch are mixed with water to a thinnish consistency over a fire ; have 20 parts of 
gum ready dissolved, and also 10 parts of alum dissolved ; when the starch is well mixed, put in 
the gum and alum. While still hot, coat the paper with it in very even layers ; dry, and smooth 
out. Take an impression from the copper with the transfer-ink ; lay the paper on the stone, damp 
the back thoroughly with a sponge and water, and pass through the lithographic press. If all is 
right, the impression will be found transferred to the stone, but it will, of course, require preparing 
in the usual manner. The great advantage gained is, that very many more impressions may be 
printed from stone than from a copper plate, and very much more qnicMy. 

On Zinc. — Zincography differs only in a few details from lithography. All ordinary drawings 
may be made on zinc plates instead of stone, the materials and mode of printing being the same. 
The plates compete successfully with large stones on the scores of price and portability. The zinc 
employed is of the quality known as “ best rolled vieille montugne.” Irregularity of surface may 
be remedied by pressing. The coating of scale and oxide is removed by scraping, and the surface 
is then rubbed with pumice, &c., exactly like stone. All drawings on zinc are made on a grained 
surface, which is produced as in the case of stone, replacing the stone mnllcr by one of zinc. 
When grained, the plate is washed first with cold and then with hot water, and drieti rapidly. A 
once-used plate may be re-prepared by removing the ink by spirit of turpentine, washing first with 
water and then with strong alkali, pouring over a mixture of 1 part ecich sulphuric and hydro- 
chloric acids in 24 parts water, washing again with water, and re-graining. 

The drawing is made as on stone, and etching is then effected by one of the following mix- 
tures ; — (a) j pint of decoction of nut-galls, made by steeping 4 oz. in 3 qt. water for 24 hours, 
boiling up, and straining ; i pint gum solution, of creamy consistence ; 3 dr. solution of phosphoric 
acid ; (5) oz. nut-galls boiled in 1 J lb. water till reduced to i, strained, and added to 2 dr. 
nitric acid and 4 drops acetic ; (c) decoction of nut-galls simply. After etching, the sequence of 
operations is washing off ; gumming in ; drying by heat ; washing off with turpentine, without 
moistening or removing the gum ; rolling in till quite black ; sprinkling with water, and con- 
tinuing to roll and sprinkle till the plate is clean and the work is rolled up. Printing is performed 
as with stone, using an ink containing weaker varnish, and exercising somewhat greater precaution. 

Photographic Processes.— Since the modem development of photography (see Photo- 
graphy, pp. 1532-44), a great number of printing processes, some remarkably simple, others more 
intricate, and many bearing a close general resemblance to each other, have been devised. These 
will now be noticed. 

Willis’s Aniline.— The process of W. Willis is founded on the action of bichromates on or<mnic 
matter, the printed image being coloured by means of an aniline salt ; it is extremely useM for 
copying plans and simple line-subjects. The operation is as follows ; — Sized paper is floated in 
potassium bichromate containing a little phosphoric acid ; it is next exposed beneath a translucent 
positive, and when the image of the latter is clearly shown, it is subjected to the action of aniline 
vapour. The result is that the parts shielded from the light by the lines of the positive are deeply 
coloured (green, black, or reddish, according to the aniline salt used), while the other parls retain 
the weak tint of the reduced chromium oxide. In developing the print, it is exposed to the 
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contact of the vapour ftom aniline dissolved in spirit of wine, the solution being placed in a basin, 
and heated by a spirit-lamp. The prints are fairly permanent after washing. 

Poitevin’s Povoder. — mixture of gum arabic, sugar, and glycerine, with some sensitizing 
solution of potassium bichromate, is poured upon an impervious surface (e. g. a glass plate), and 
dried by warmth. Thus prepared, the plate is immediately exposed beneath a translucent positive 
for a few minutea The parts affected by the light become hygroscopic, in proportion to the 
duration of the exposure, and intensity of the tight, and any impalpable powder delicately brushed 
over the plate will adhere to the hygroscopic parts, according to their degree of moisture, thus 
forming a reversed copy. The developed image is coated with collodion, and transferred to paper 
unreversed, the soluble bichromate being washed out in the operation. Obernetter’s recipe for the 
sensitizing solution is : — 1 parts dextrine, 5 parts white sugar, 2 parts ammonium bichromate, 2-8 
drops glycerine for every 100 cc. of water, and 96 parts water. The glass plate is sometimes 
previously coated with collodion. 

HerscheV$ Cyanotype. — This process is in very common use by architects and engineers for 
copying plans, producing an image with white lines upon a blue ground. Sensitive paper is made 
by brushing it over with a solution of ferric oxalate (10 gr. to the oz.) ; it will remain good for 
years, if kept secure from light. The sensitive paper is exposed under the positive, and then 
brushed over with, or immersed in, a solution of potassium ferricyanide (red prussiate of potash), of 
almost any strength, by which the image is developed. The colour of the ground is deepened by 
subsequent washing with solution of potassium bisulphate. The ferric oxalate (peroxalate of 
iron) is prepared by saturating a hot aqueous solution of oxalic acid with ferric oxide (peroxide of 
iron). A better sensitizing solution may be prepared by mixing 437 gr. ammonium oxalate, 386 gr. 
oxalic acid, and 6 oz. water, heating to the boiling-point, and stirring in as much hydrated per- 
oxide of iron as it will dissolve. 

PeUet's — Pellet’s process, which gives copies in blue lines on a white ground, is an improvement 
upon the white lines on blue ground, as a method of obtaining copies of drawings, inasmuch as it 
permits the subsequent tinting of the copies, and requires much shorter exposure. The original 
drawing is placed in a printing-frame, in front of a corresponding sheet of the sensitive paper 
(supplied by the inventor), composed of a piece of stout paper, coated with a mixture of perchloride 
of iron and some easily oxidizable organic substance. The frame being exposed for a minute in 
the sunshine, the per-salt of iron becomes reduced to a proto-salt wherever the sensitive paper is 
unprotected by the opaque hues of the original drawing. On removal from the frame, the 
exposed sheet is immersed in a strong solution of potassium ferrocyanide, and this substance, 
reacting with the per-salt of iron remaining on those parts of the paper protected by the opaque 
lines, produces Prussian blue, while the ground of the paper remains white. The print is washed, 
soaked in dilute hydrochloric acid, and washed again to remove traces of the acid. 

Woodbury-type. — Woodbury’s process is intended to produce a mould of a gelatine print, from 
which, other prints may be obtained. A thick film of sensitive gelatine, resting on a tough stratum 
of collodion, is placed beneath a negative with the collodion side next the image. After sufficient 
exposure to a light so arranged that the rays always fall in one direction, the gelatine picture is 
developed as if it were an autotype print, and presents the image in considerable relief. After 
drying, it is laid on a perfectly flat metallic plate, and a sheet of lead or some other soft metal is 
forced down upon it by a powerful press. The metallic sheet, being an exact mould of the gelatine 
picture, is put into a special press ; and a viscous compound of gelatine dissolved in hot water, 
with the addition of fine pigment or permanent dye, is poured upon this sheet. Strongly-sized 
paper, of even texture, is placed upon the viscous compound, and the top plate of the press is 
brought down upon the mould, and firmly held, thus squeezing out the superfluous gelatine. The 
gelatine soon sets, when the top is raised, and the paper bearing the picture is detached. The 
print is immersed in alum solution, to render the impression insoluble. The top plate of the press 
is made of thick glass, and its surface is a perfect plane, to ensure the gelatine being squeezed out 
from the porti<ms which are to be white in the picture, and to prevent a mottled and uneven 
appearance. Within certain limits concerning the size of white surface which can be produced 
(owing to the variations in the thickness of all paper), this process is capable of producing per- 
manent images at a price but little greater than the cost of the paper and solution. 

Photo-lithography , — Another process founded on the insolubility of gelatine when treated with a 
bichromate and exposed to light, is one capable of producing pictures in printing-ink, as well as in 
ink adapted to transferring to zinc or stone, images being reproduced by ordinary surface-printing 
from the transferred prints. The photographic negative is placed in a photographic printing- or 
pressure-frame, with a piece of prepared paper face downwards upon the picture side of the glass. 
The back is made secure, and the glass side is exposed to the light ; in due time, it is taken to the 
dark-room, and coated with transfer-ink. Washing removes the transfer-ink from those parts 
which have not been affected by the light (the white parts of the paper), but leaves it where the 
light has acted (the lines of the picture) ; thus a photographic transfer is produced, and may be 
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applied to stone or zinc, and printed from in the nsnal manner. The sensitizing solution is pre- 
pared as follows : — 1-1 J oz. of gelatine (the smaller quantity if “ fl^e ”) is set to soak in sofiSeient 
water to cover it ; meantime, 1 oz. potassium bichromate is dissolved in 5 oz. water, and filtered ; 
when the gelatine has plimmed, pour on snfBcient boiling water to make 11 oz., and add the 
bichromate solution. Sometimes a dash of glycerine is added. This solution will keep good for a 
considerable time in a cool place. To prepare the paper, some of the solution is warmed to about 
38° (100° F.), and sheets of the paper (“bank post,” “positive photographic,” or other fine-wove 
and slightly sized) are fioated on it for 2-3 minutes, and hung up to dry in the dark-room, then 
again fioated, and suspended from the opposite end. The sensitized paper is exposed in the 
ordinary manner beneath a negative in the pressure-frame, until the lines appear of a fawn-colour 
on a yellow ground. 

The picture is transferred to stone or zinc by coating the latter with ink, laying the former 
face downwards upon it, and pulling through the press. Ordinary chalk lithographic ink may be 
used for single prints, but a superior ink is made as follows : — 16 oz. lithographic ink and 8 oz. 
middle linseed varmsh are first mulled together ; 6 oz. Burgundy pitch and 2 oz. bitumen are 
melted over a clear fire till all the water is driven off; 1 oz. white wax is also melted; the whole 
is then mixed together, with 1 oz. palm-oil, and run into vessels for keeping. The print is 
developed by being floated back downwards on water at a temperature of 38°-50° (100°-122° P.), 
till the lines appear as depressions. It is then washed with water at about 70° (158° F.) on an 
inclined slab, by which, the soluble gelatine is removed with the ink that coated it, and the image 
remains as ink lines on ridges of insoluble gelatine. The developed print is washed in cold water, 
and hung up to dry ; it is then ready for transferring to stone or zinc, being first damped till it 
becomes limp. The subsequent manipulation is a mere repetition of lithographic printing (see 
p. 1615). 


Selief and Plwto-engraving Pi-ooesses . — Belief processes are those which produce plates or blocks 
with raised lines,'capable of being printed from like type in an ordinary printing-press. They ate 
adapted only to line drawings, and are nnsnited for the reproduction of toned work. Engraved 
plates have the lines of the original drawing in depression, and are adapted to the same class of 
work as relief processes. Both are produced by the same general method and on the same prin- 
ciple, of which, the following is an outline. The foundation of the system is the fact that asphalt 
or bitumen, when exposed to light, becomes insoluble in its ordinary solvents if partially saturated. 
In Nidpce’s process, the first based on this ground, silver plates were coated with bitumen, the 
unaltered portions of which were dissolved away after exposure ; iodine was applied, the remaining 
bitumen was removed, and the result was a metallic silver image on a ground of silver iodide- 
The solvent generally employed is chloroform. The coated plate is dried, and exposed beneath a 
subject. The portions to be protected from the influence of the light wiU depend upon whether 
the plate is to be engraved or in relief; in the former case, the lines will need protection. Care 
must be taken that the opacity, where required, is perfect For engraved plates, a reversed positive 
is necessary ; for relief blocks, an ordinary unreversed negative. Tire original picture is placed in 
contact with the prepared plate, and exposed as long as is considered necessary; the soluble por- 
tions of the bitumen are then removed by a nearly saturated solvent, leaving the metal bare. This 
latter may be zinc, copper, or steel ; the first is most commonly used for relief blocks, while the 
two last are more convenient for engraving. The “ biting-in,” or development of the lines, is 
effected, in the case of zinc, by simple hydrochloric acid, though it is advisable to previously dip 
the plate in a sulphate of copper solution ; for copper and steel, a mixture of hydrochloric acid 
and potassium chlorate is preferred. With relief blocks, the biting-in is a tedious operation having 
to be carried as deep as in a wood-block. After the first biting, which gives the clear lines the 
plate IS heated, dusted over with rosin, and reheated to make the bitumen quit the lines these 
operations being repeated till sufficient depth is attained. In appreciably large spaces the' metal 
is removed by engravers’ tools. ’ 


_ Ehrard’s biting-in process differs somewhat from the preceding. A transfer is prepared as for 
zincography, transferred to a copper plate, and plunged into an electro-plating bath for a few 
mmutes, thus coating the copper with a thin stiver film, while the lines are protected by the greasy 
ink; tlie plate is rinsed m dilute acid, and placed in a mercuric chloride bath^ where a double 
chloride is formed; after washing, and removal of the ink, the biting-in proceeds. 

Fox Talbot proimsed a modffication, which consisted in printing the negative on a gelatine 
bltidZ un® “"7 f gelatine, and making an electrotype. Scamoni has some plan of 

t ““ ® “ electrotype from it. The foregoing 

methods, with perhaps some other modifications, are in extensive use on an industrial 
feveral firms are Iwgely engaged m making relief blocks and photo-engravings, notably Leitch' 
^as, and Cattell, m London, besides many others on the Continent and to America. The 
rnustmtions in this Encyclopedia ha^ Wn prepared by the first-named firm, from drawings on 
stone by B. Alexander, Castle Street, Holborn. 
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Mach has been done in the more difficolt task of reproducing half-tone drawings and photo- 
graphs from nature, by Woodbury, Dallas, lienoir, and others. A manager of Goupil’s, named 
Koussillon, availing himself of the Woodbury-type process (see p. 1617), gives a grain to the picture 
by the action of light, suitably regulated, and thus obtains a mould capable of giving mezzo-tints 
from ordinary negatives. They require some mechanical touehing-up, however. Lenoir has re- 
cently made public a new process for producing engraved plates from negatives photographed from 
nature, which is substantially as follows. A metallic plate is lightly coated with a mixture of 
albumen, carmine, and potassium bichromate. The carmine (for which, g.rmboge and various 
resins may be substituted with almost equal success) serves both as a dye and to assist in the lifting 
of the film, by its solubility in ammonia, drawing the albumen with it more or less in the stripping- 
off, the exposure having taken place upon the upper surface. When the film is stripped off, an 
image remains formed of albumen, in itself unable to resist the action of acids. It must, there- 
fore, be rendered insoluble. There are two ways by which this may be effected ; one is to cause 
the albumen to absorb a solution of gum lac, dissolved in hot water with borax ; the other, and 
preferable, is to plunge the plate, once stripped, in a solution of potassium bichromate, then drying 
at about 49“ (120° F.). The albumen by this means acquires the required resistance to the action of 
acids. The plate is next engraved, to give it a grain according to the amount of ink it should 
take up. Upon the unabsorbent and stripped plate, a film is spread, consisting of a solution of 
bitumen and turpentine mixed with carbonate of lime. When plunged in an acid bath, carbonic 
acid is liberated ; it forms tiny canals, through which, the acid attacks the metal more or less 
quickly, by reason of the thickness of the albumen. The acid bath is composed of water acidulated 
with nitric and oxalic acids and alum. An oxalate of the metal is thus formed on the sides of the 
canals, and causes them to adhere to the plate. The. texture of the etching is more or leas fine 
according to the length of time the albumen is allowed to absorb the acid. In this state, the plate 
is finished ; it requires only to be dried, and is ready to be printed from immediately. No pre- 
liminary preparation is necessary, as the whole operation may be conducted in three hours. 

Warnerke has recently published some improvements based upon the discovery that a gelatine 
plate submitted to pyrogallic acid becomes insoluble in the parts exposed to light. The ordinary 
gelatine process requires very accurately-timed exposure; but with the pyrogallic acid, and using 
the emulsion on paper, no amount of over-exposure will do harm, provided the developer is 
sufficiently, restrained. The transfer of the image from the paper to glass is very simple. The 
former is immersed in water, and placed in contact with a glass plate : the superfluous moisture is 
removed by a squeegee, and the paper is stripped off, leaving the gelatine on the glass, when the 
application of hot water dissolves all the gelatine not acted upon by the light, and the image is 
left in relief on the glass. Intensification is effected by mixing with the emulsion a non-actinic 
colouring matter which is not affected by 
silver ; aniline colours answer the purpose 
well. Belief is said to be obtained far more 
easily than by the ordinary bichromatized 
gelatine, and the process is therefore 
specisJly applicable to Woodbury-type. It 
may also be adapted to engraving, enamel- 
ling, and collotype purposes. 

Collotype Processes. — Several methods 
of collotype printing have been described 
under Photography (p. 1543). Impres- 
sions may be obtained in a lithographic 
press, but the form shown in Fig. 1169 is 
especially adapted to this process. 

Edwards’ Heliotype. — The most im- 
portant of the many modifications of the 
collotype process is the “ heliotype ” in- 
vented by Ernest Edwards, wherein the 
great advantage consists in toughening the 
gelatine film by means of chrome-alum. 

His method is briefly as follows:— The 
solution of gelatine and bichromate, with the due proportion of chrome-alum, is poured upon the 
previously waxed surface of a carefully levelled glass plate, and dried, when the film is readily 
detached. The latter resembles a piece of thick paper, and may be similarly handled. After 
exposure in contact with a negative, the film is placed on a plate of zinc or pewter under water, 
and firmly attached by passing an indiarubber “ squeegee ” sharply over the surface of the film. The 
printing film on its plate is soaked in water sufficiently long to remove the superfluous bichromate, 
to prevent the further action of the light, and is then ready for the press. This is preferably on 
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the vertical principle, such as the Albion printing-press. The inking possesses peculiar features 
a very stiff ink may be used to give the deepest shadows, and this may be followed by a thinner 
ink, even one more or less coloured, for the half-tones, thus producing a bichromatic effect in a 
single printing. The time occupied in drying the film is 24-36 hours at 32° (90° F.) ; 1500 copies 
have been successfully taken from one plate : one man can print 200-300 copies daily ; for very, 
long numbers, it can hardly compete with lithography in price, but for moderate numbers, the cost 
is very small. 

Capt. Waterhouse has introduced a modified process, as follows The sensitive film is laid on 
flat copper plates, finely grained on one side. After levelling on the drying-apparatus, the plates 
are washed with warm water, and coated on the grained side, while still wet, with a mixture of 
15 grm. Nelson’s opaque gelatine, and 4 grm. powdered potassium bichromate, in 100 cc. water, 
adding 4 cc. formic acid when the first are dissolved. This is applied like collodion, and the 
excess is poured off. The coated plates are replaced in the drying-apparatus, and covered over. 
In about 2 hours at 50° (122° F.), the films dry with a fine, even, glossy surface, perfectly free from 
streaks and waviness. It is best to let the plates harden for a day or two before use. 

Bihliography. — H. Fitz-Cook, ‘ Graphotype : a process for producing from drawings blocks for 
surface printing’ (Jour. Soc. Arts, Vol. xiv.. No. 681, London: 1865); J. Pratt, ‘Machine for 
Type-writing ’ (Jour. Soc. Arts, Vol. xv.. No. 754, London: 1867); E. Edwards, ‘Photography in 
the Printing-press : a description of the Heliotype process ’ (Jour. Soc. Arts, Vol. xix., No. 962, 
London : 1871) ; J. L. Eingwalt, ‘ American Encyclopaedia of Printing ’ (Philadelphia : 1871) ; 
J. R. Johnson, ‘Improvements in the Manufacture of Printing Types’ (Jour. Soc. Arts, Vol. xxi.. 
No. 1061, London; 1873); ‘ Type- writing Macliines’ (Jour. Soc. Arts, Vol. xxiv.. No. 1213, 
London: 1876); J. Husnik, ‘Das Gesammtgebiet des Lichtdrucks’ (Vienna: 1877); T. Mao 
Kellar, ‘ The American Printer ’ (Philadelphia ; 1878); J. Kriiger, ‘ Die Ziukogravure ’ (Vienna: 
1878); J. Husnik, ‘Die Heliographie ’ (Vienna; 1879); F. J. F. Wilson, ‘Stereotyping and Elec- 
trotyping’ (London: 1880); E. Bigmore and C. Wyman, ‘Bibliography of Printing’ (London: 
1880) ; F. J. F. Wilson, ‘ Printing-machines and Machine-printing ’ (London : 1880) ; W. D. Rich- 
mond, ‘Grammar of Lithography’ (London: 1880); T. Bolas, ‘Modern Autographic Printing 
Processes’ (Jour. Soc. Arts, Vol. xxviii.. No. 1417, London: 1880); F. Noble, ‘Principles and 
Practice of Colour Printing’ (London : 1881); G. Field, ‘Grammar of Colouring’ (London); P. B. 
Watt, ‘ Hints on Colour and Printing in Colours ’ (London) ; ‘ Printers’ Register ’ (London : 1872-) ; 
‘ Printing Times and Lithographer ’ (n. s. London : 1875-). 

(^e Ink; Photography.) 

BiESINOHS AND GHMiyrS' SUBSTANCES (Fb., Matures Besineuses ei Qommeuses ; 
Geb., Harz- und Gummi-arten). 

Resinous and gummy substances may be primarily divided into three great classes — gums, 
resins, and indiarubbers ; each of these classes may be split into a number of sub-sections. 

1. Gems. — The term “ gum” is properly restricted to those exudations from the stems, branches, 
and fruits of plants, which dissolve or soften in water to a slimy liquid state, or at least to a 
gelatinous consistency ; which refuse to dissolve in alcohol of 60 per cent. ; which yield mucic and 
oxalic acids when treated with nitric acid ; and which are capable of conversion (by sulphuric 
acid) first into dextrine and then into sugar. The form, surface, colour, transparency, density, 
microscopic characteristics, and optical properties scarcely admit of any generalization, and will 
best be noticed under the individual substances. As to the chemical constitution of gums, all 
natural vegetable gums (thus excluding dextrine) are substantially composed of one or more of 
the three bodies — bassorine, arabiue, and cerasine. Bassorine is a pure hydrocarbon ; arabine and 
cerasine are hydrocarbons combined with mineral bases. Bassorine is devoid of colour, odour, and 
fiavour ; it is insoluble in water and alcohol, but heated in the former, assumes a gelatinous 
character ; dried at 100° (212° F.), its formula is CgHijOj. Arabine is a compound of arabic acid 
with lime and some potash or magnesia ; it is a colourless, odourless body, of acid reaction, forming 
with water a glutinous, frothy solution ; on burning, it leaves an ash consisting chiefly of carbonate 
of lime, but containing also some carbonate of potash. Arabic acid is a white substance, soluble in 
water, and reddening litmus ; its solution dries to a colourless, amorphous body ; dried at 100° 
(212° F.), its formula is OuH^jO,,. Cerasine is a colourless body, insoluble in water and alcohol, 
but, like bassorine, swelling in the former to a kind of gelatine ; it is a compound of metagummic 
acid and lime. Natural gums also contain water (12-17 per cent.), dextrine, sugar, tannin, 
colouring matter, and mineral ingredients ; they afford 2-3 per cent, of ash. 

Concerning the origin of gums. They were formerly supposed to be secretions of plants ; recent 
researches, however, have clearly proved that at least some gums are formed from the whole 
tissue of the cell-walls, by chemical metamorphosis. This is considered certain in the case of 
tragacanth, cherry, and arabic gums. [The reader is referred to some special remarks on traga- 
canth under that head, pp. 1685-6.] Wiesner holds the same view with regard to moringa and 
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Indiau tragacanth (kuteera) gums. Accordingly it happens that gums are yielded most abundantly 
when the plants are in a sickly state, caused by a fulness of sap in the young tissues, whereby the 
new cells are softened and finally decomposed ; the cavities thus formed fill with liquid, which 
exudes, dries, and constitutes “gum,” which, in structure, is quite amorphous, being neither 
crystallized nor organized. Gum is one of the most common plant-products. It occurs abundantly 
in the living rind of many plants, and exudes upon the surface of the bark. In the woody 
structure, it occurs more seldom, and in smaller quantity. The sources of the most important 
gums may be seen from the following synopsis : — 

Mimosece. — Acacia spp., giving Arabic (including Senegal, Snakin or Talca, Morocco or Barbary, 
Cape, E. India, and Australia or Wattle), and Kuteera (Indian Tragacanth) ; Prosopis spp. 
(Mezquite) ; Parkia spp. 

Papilicmacex. — Astragalus spp. (Tragacanth). 

Prupacew. — Prutrns spp., and Amygdalus spp. (collectively Cherry gum). 

Anacardiacees. — Anacardium occidentals (Cadjii); Spondia spp.; Odina spp. (Ging and Kunnee); 
Ehus Metopium. 

Aurantiacece. — Feronia elephantum (Wood-apple). 

Meliacece. — Melia Azedarach. 

Ternstromiacea. — Cochlospermnm gossypium (Kuteera [Indian Tragacanth]). 

JBombacece. — Adansonia digitata. 

Sterculiaceas. — Sombax spp. ; Sterculia spp. (contributing to Kuteera). 

Cactaaece. — Cactus spp. ; Opuntia spp. 

Moringacece. — Moringa pterggosperma (Moringa). 

Brnmeliaceas. — Puga spp. (Chagual). 

PalmaoecB. — Cocos nucifera (Coco-nut). 

Gums may be divided into the following four classes : — 

(1) Arabinic. — These consist essentially of arabine; cerasine and bassorine are either quite 
absent, or in very minute proportion. The chief are — Arabic (all kinds). Wood-apple, and Cadjii 
gums, 

(2) Cerasinic. — Contain varying proportions of cerasine and arabine. The Cherry group. 

(3) Bassorinic. — Essentially composed of bassorine. Embraces Tragacanth, Kuteera, Coco-nut, 
Chagual, and Moringa gums. 

(4) Cerasino-bassorinic. — Compounded of cerasine and bassorine. Kuteera (some kinds). 

2. Eesins. — Under the term “ resins,” are included all the hard, friable, natural plant-substances, 
externally resembling gums ; insoluble in water ; soluble in ether and alcohol ; rich in carbon ; 
poor iu oxygen; free from nitrogen ; and burning with a smoky flame. No resin is a definite 
chemical compound, but rather a complicated mixture. The essential ingredients of resins are 
the resin-acids — substances rich in carbon ; some of them displace the carbonic acid in alkaline 
carbonates, and form with the alkalies tlie so-called resin-soaps, which froth in water. Besides the 
resin-acids, natural resins contain volatile oils, gums, and often cinnamic and benzoic acids, as well 
as the ordinary components of plant-tissues — cellulose, tannin, humic bodies. 

The older chemists classified resins into “ hard,” “ soft,” and “ feather.” The two first are now 
combined as “resins” simply, their difference in hardness being only a matter of degree, while 
most of the soft resins become hard in time. “ Feather ” resins denoted indiarubbers, which are 
now excluded from the resins altogether, on the ground of both physical and chemical dissimi- 
larities, and will receive a separate description. The usual classification now adopted by Continental 
chemists is threefold : — (1) True resins, (2) gum-resins, (3) balsams. The gum-resins differ from 
true resins only in containing some gum. Balsams include both resins which are rich in volatile 
oil, the latter assuming a resinous character, or holding a great portion of the resin in solution, thus 
forming a syrupy mass (such as turpentine and Canada balsam) ; and bodies which in outward 
character resemble the resinous balsams (like Peru), and are chemically poor in resinous matters, 
though rich in a fluid neutral substance bearing some likeness to certain resins. The classification 
adopted by M. C. Cooke differs considerably from the foregoing. Omitting the gums, which have 
been already dealt with, he forms three groups — gum-resius, resins, and oleo-resins. The gum- 
resins embrace three classes — emulsive, fetid, and fragrant, the last being again sub-divided into 
sections, represented respectively by bdellium and benzoin. The true resins he distinguishes as 
hard or copalline (sub-classified as pale and dark), and soft or elemi. While his oleo-resins 
embrace balsams, natural varnishes, and turpentines and tars (the two last grouped together). 
Usually in England, however, the term gum-resin is applied to an inspissated milky plant- 
juice, consisting of a gum soluble in water, associated with a resin and a volatile oil soluble in 
alcohol, and containing other vegetable and a little mineral matter. The general acceptation of 
the term “ balsam ” is an oleo-resin, or natural compound of a resin and an essential oil, in such 
proportions as to form a viscens or semifluid mass. From the solid resin to the limpid essential oil 
are insensible gradations, and few resins are hard at the moment of their exudation. The proposal 
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to confine the term balsam to snch bodies as contain cinnamic (or an analogons) acid, in addition to 
the resin and essential oil composing the oleo-resin, has not been carried out; but the fragrant 
balsams containing cinnamic or benzoic acids are regarded as a distinct class by authorities on 
materia inedica, though Cooke includes under the term all the oleo-resins, except the natural 
Tarnishes (acrid lacquers) and the turpentines and tars. 

Of the physical characteristics of the resins generally, the first to be considered are their form 
and size. Tlie hard resins have a drop-like, stalactitic, or knotty form. When the resin spreads 
over the surface of the plant and there collects, it is usually drop-like or stalactitic; when it flows 
into the ground, it becomes knotty. Other forms are rare. The drops, as met with in commerce, 
are generally pretty constant in shape for each kind, but the stalactitic and knotty form vary much 
in that respect. Some commercial resins are shaped by artificial means — dragon’s-blood in sticks 
or tears, gamboge in cylinders, shellac in laminae. 

The surface of many resins forma an important characteristic. In red xanthorrhoea, the surface 
which was in contact with the stem is rough, dull, unresinified, and possesses structural peculiarities 
that will be detailed when speaking of it in particular. Many resin-surfaces present polygonal 
excrescences, with regular crystallographic form. In Zanzibar copal, these are visible by the naked 
eye ; and in sandarach, by the aid of a glass. 

Kesins seldom present a definite structure, as they occur for the most part in thick homogenous 
masses. But benzoin, yellow xanthorrhcea, and the softer kinds of dragon’s-blood exhibit a structure 
known as amygdaloidal to mineralogists. It is produced by a number of rounded grains imbedded 
in the mass, and differing from it in colour. Some sorts of turpentine-resin are permeated by 
globular pores of various size. 

Most resins are quite amorphous ; few contain crystalline substances, and still fewer occur as 
crystals themselves. The turpentines often hold abiotic acid in tlie form of crystals. In the tinrpen- 
tine-resins, a crystalline body is frequently visible. In the elemi-resins, which are very rich in crystal- 
line components, it often happens that the optical properties of the mass so nearly approach those 
of the crystals, that the latter only become visible after dissolving the amorphous portion in alcohol. 

The optical properties of the resins seldom afford any guide. 

The colours of the resins are in many cases pronounced, as the yellowish-brown of gamboge, the 
red of dragon’s-blood and red xanthorrhoea, the white of Siam benzoin, and the black of some 
rosins. Many resins are colourless ; the tints of most lie between yellow and brown. 

In transparency, the resins vary much. Some are as transparent as glass (certain copals) ; 
others are quite opaque (xanthorrlicea, dragon’s-blood). Most are merely translucent to the naked 
eye. Microscopic sections, even of the quite opaque, are at least translucent, and often communicate 
their own colour to the transmitted light. 

The lustre of most resins is almost adamantine, and constitutes a degree termed “ resinous ” by 
mineralogists. There also occur those of fatty (small sorts of benzoin, and dragon’s-blood) and of 
waxy (the “ almonds ” of benzoin) lustres, and some are lustreless (certaiu elemi-resins). 

The fracture is mostly glassy, often conohoidal ; sometimes also smooth, granular, earthy, and 
splintery. 

The hardness of most resins lies between gypsum and rock salt ; only the best copals are harder 
than the latter, and for the verification of these, hardness is one of the best tests. 

The density (sp. gr.) is for many resins a distinctive feature, e. g. many copals. In general, the 
sp. gr. of resins is somewhat greater than that of water, while the gum-resins are considerably 
heavier, e. g. asafoetida 1 ■ 3. The balsams are mostly hghter than water. The specific gravities 
of some of the resins are shown in the annexed table : — ■*" 


Table of Specific Gbavities op Besins at 15°-16'’ (60° F.). 


Pine-rosin, yellow transparent 
„ whitish opaque . . 

„ dark colophony . . 

Shellac, light coloured . . 

„ darker 

„ bleached 

Dammar, old 

Copal, E. Indian 

„ W. Indian 


1- 083-1 -084 
1- 044-1 -047 
1-100 

1-113-1114 

1-123 

0- 965-0-968 

1- 075 

1- 063-1 -070 
1-070-1-800 


Copal, very old . . 
Benzoin, Siam .. 

„ Penang .. 
„ Borneo 
Guaiacum, pure 

Amber 

Sandarach 

Mastic 

Tolu, old brittle 


1-054-1-055 

1-235 

1-145-1 -155 
1-165-1-170 
1-236-1-237 
1-074-1-094 
1-038-1-044 
1-056-1-060 
1-231-1-232 


In tenacity, most resins are friable ; some are soft (stick-lac, shellac), some pliant (elemi). The 
degree of friability can be tested by scratching the surface with a needle : the most friable show a 
splintery scar ; the least, a smooth line. 

Many resins, both coloured and colourless, give a white streak, even the dark-hued colophony. 
Some resins, finely disseminated through water, exhibit a rapid molecular movement ; others a 
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very indolent one. The most pronounced occurs in the case of gamboge ; copal powder, on the 
other hand, moves very slowly. 

Several resins possess highly characteristic odour and flavour. 

The secretion or imprisonment of organic debris in resins is much more frequent than is com- 
monly supposed. The fragments are mostly invisible, except through the microscope, and chiefly 
consist of particles of bark and wood from the stems of the plants, which have become imbedded 
during the concretion of the resin. The recognition of these remains in a resin is often of import- 
ance, the more or less decomposed tissue illustrating the characteristics of the resin, as well as 
indicating its origin and derivation. 

Many resins, and at least all produced by the metamorphosis of the cell-tissues, contain also 
tissue-remains (e. g. dmgon’s-blood, xaiithorrhoea). These are the more valuable according as the 
metamorphosis has been more complete. Bed xanthorrhcea often shows pieces of tissue between 
the resinified masses. Organic remains not derived from the resin-forming organs of the plant also 
occur ; e. g. fungi. Thus the flue green crust which coats old specimens of gamboge is due to a 
delicate mycelium fungus. 

The microscopic examination of resins at once reveals some facts concerning their origin. While 
the structure of red xanthorrhcea, exhibiting all stages from unresinified to completely resinified 
tissue (according to Wiesner), indicates that this resin is solely due to chemical metamorphosis 
of the whole tissue, the microscope shows that gamboge must exist in solution in the tissue of the 
plant-stem, and consequently proceeds from a cellular secretion. Gamboge really consists of a 
gummy groundwork permeated by microscopic grains of resin. On cutting the gamboge tree, 
the resin-holding sap escapes, and mingles with the watery sap of other tissues, and thus occurs 
the secretion of the hard resin. 

Dragon’s-blood originates much in the same manner as xanthorrhcea ; and according to the 
researches of Karstou and Wigand, it is probable that the ordinary resins of the Coniferw (rosins) are 
produced in the same way. But it must not be supposed that the metamorphosis from the cellulose 
of the cell-walls to the resin is simple and direct. It is indirectly evident that the ceU-walla of the 
resinified tissue, before their complete conversion into resin, yield a quantity of tannin. This tannin 
seems to be a medium between the hydrocarbon and the resin. In the resinification of whole tissue, 
it is doubtless not only the cell-membrane, but also more or less of the cell-contents, that is utilized. 
When a resin, like mastic, occurs in ready-formed veins, and is not produced by the resorption of 
cells or whole tissue, it must be considered as a secretion-product. 

The melting-point is a characteristic test for different kinds of resin, and even for different 
grades of the same kind. The lowest met with is that of Siam benzoin — 75° (167° F.) ; the highest, 
that of the hardest copals — 360° (698° F.) The solubilities of the various resins in such solvents 
as alcohol, ether, carbon bisulphide, turpentine-oil, cajuput-oU, chloroform, &c., are well-known 
guides to their identification (see pp. 1624-7). 

The resins exhibit no such chemical relationship as do the fats, for instance. Some few show 
a general resemblance, e. g. mastic, sandarach, dammar, olibanum ; but the greater number are not 
only dissimilar, but do not even admit of being grouped under sections. Kesins are as a rule very 
complicated bodies, and their origin, as previously explained, makes it difficult to expect other- 
wise. The classification of resins according to the effects of simple reagents is impossible, and 
recourse has been had to oxidation with caustic alkali, with or without dry distillation. Hlasiwetz 
has proved in some resins a family relationship with the aromatic series, which clearly indicates 
that many resins are derived from essential oils ; indeed from the terpenes (e. g. turpentine-oil, 
lavender-oil), colophony-like resins can be produced by oxidation, and it is quite probable that the 
so-called terpeue-resins exist in the plants as essential oils. The terpene-resins are weak, some- 
times crystalline, acids. Nature affords them mixed with unaltered terpene, which may be distilled 
off with water. The terpene-free resin is odourless, hard, and but little changed by caustic alkali. 
Many aldehydes are converted into resins by oxidation ; aery 1-resin and the resin of acetic aldehyde 
are familiar examples. 

That resins are among the most widely-distributed plant-products, is well known. They are 
found in almost all forms of vegetable life, even in fungi. They chiefly occur in the bark, and 
either flow out over its surface, or aggregate within it. The chief resin-yielding plants are as 
follows : — 

Zeguminosas.—Myrospermum spp. (Pern, Tolu) ; Vouapa spp. ; Copaifura spp. (Copaiba). 

Ccesalpinice. — Irachylobium spp., Hymencea spp. (Copal, Jutahy-seca). 

Anacardiacece. — Pistachia spp. (Mastic, Chian turpentine) ; Bhus spp. 

Amyridacea. — BosweUia spp. (Frankincense, Olibanum) ; Idea spp. (Copal, Elemi) ; Barsera spp. 
(Elemi); Canarium. spp. (Dammar); Amyris spp.; Hedwigia balsamifera ; Balsatnodendron spp. 
(Bdellium, Elemi, Myrrh, Balm of Gilead) ; Elaphrium spp. 

Humiriacecs. — ffuinirium spp. 

Zygophyllacew. — Guaiamm officinale (Guaiacom). 



1624 EESINOUS AND GUMMY SUBSTANCES. 

Shamnacew. — Zizyphus Jujuba (Lac). 

EuphorbiacecB. — Pedilanthus spp. ; Eupharbiitm spp, (Enphorbitun). 

Dipterocarpa. — Yateria indica (Piney): Shorea spp. (Dammar) ; Hopea spp. (Dammar) ; Dryobala- 
nops spp. (Camphor) ; Eipterocarpus spp. (Gurjun) ; Fuiica sp. 

Combretacece. — Terminalia spp. 

Bixinece. — Lcetia resinosa. 

GuttifercB. — Garcinia spp. (Gamboge) ; Oalophyllum spp. (Tamanu and Tacamahaca); Morondbea 
ooccinea (Hog). 

Hyperiacew. — Fismia spp. (Gamboge). 

Cistacew. — Cistus spp. 

Hederacece. — Hedera helix. 

TJmhelliferm. — Ferula spp. (Galbannm, Sagapennm) ; Scorodosma fcetida, Narthex asafwtida (Asa- 
fcetida) ; Opoponax Chironium (Opoponax) ; Dorema ammoniacum (Ammoniacnm) ; Thapsia garganica ; 
Bolax spp. 

Bvinacew. — Gardenia spp. (Dika-mali). 

Apocynaeece. — Tabemcemontana utilis. 

Asclepiadaceoe. — Cynanchum viminale. 

Convolvulacew. — ConmJmlus scammonia (Scammony) ; Tprrmcea purgans (Jalap). 

Composites. — Carlina gummifera ; Ceradia farcata (Bdellium). 

Styracacees. — Styrax spp. (Benzoin, Storax). 

Artocarpaceee. — Artocarpus integrifolia. 

Moraeece. — Bicus spp. 

Altingiacece. — Liquidamhar spp. (Storax). 

Aquilariacecs. — Aquilaria spp. (Lignum Aloes or Agar). 

Betulacex. — Betula alba. 

Coniferes. — Abies spp., Pinus spp. (Rosin, Turpentines) ; Araucaria spp. ; Dammara spp. (Copal, 
Dammar) ; Callitids spp. (Sandarach) ; Jtmiperus ccmrmtnis. 

Liliaaex. — Dracesna spp. (Dragon’s-blood) ; Xanthorrhcea spp, (Xanthorrbcea). 

Palmacew. — Beemonorops spp. (Dragon’s-blood). 

Detection of Resins, Gum-resins, and Balsams. — The following scheme for the recognition of the 
more important resins, gnm-resins, and balsams (oleo-resins) is due to Hirschsohn, whose researches 
in this direction are well known. The reagents employed are : — (1) Sulphuric acid, sp. gr. 1 '820 ; 
(2) alcoholic hydrochloric acid, obtained by saturating 95-per-cent, alcohol with dry hydrochloric 
acid gas ; (3) solution of 1 part bromine in 20 parts chloroform ; (4) saturated solution of calcium 
chloride in diatUled water at the ordinary temperature ; (5) solution of 1 part perchloride of iron 
in 10 parts 95-per-cent, alcohol ; (6) saturated solution of neutral lead acetate in 95-per-cent, 
alcohol ; (7) solution of ammonia, sp. gr. 0*980 ; (8) solution of pure sodium carbonate crystals in 
distilled water ; (9) Frohde’s test ; 1 centigram sodium molybdate in 1 cc. sulphuric acid ; (10) im- 
pure chloral hydrate, containing alcoholate ; (11) saturated solution of iodine in petroleum-spirit 
boiling at 60° (140° F .). The author’s names have been retained : they sometimes differ from 
those adopted in this article, and it is not always apparent what precise product is intended in the 
absence of the botanical source, e. g. Borneo copal. 

Completely soluble in Chloroform. 

Completely soluble in Ether. 

A. Ethereal solution becomes turbid after addition of alcohol. 

I. Alcoholic solution gives with perchloride of iron a turbidity that disappears on boiling. Chloral 
reagent colours violet — Canada Balsam. 
n. Alcoholic solution gives no turbidity with perchloride of iron. 

1. The drug is liquid and forms a clear mixture with petroleum-spirit boiling below 40° (104° P.). 

a. Bromine solution colours the chloroform solution yellowish, then violet and blue— ilfaranAam 

C<^iba» 

b. Bromine solution produces no colour — Para Copaiba, 

2. The drug is solid, and dissolves only partially in petroleum-spirit. Iodine solution colours 

red-violet — Ordinary Mastic. 

B. Ethereous solution forms clear mixture with alcohol. 

I. Perfectly soluble in alcohol. 

1. Perchloride of iron colours the alcoholic solution blue. 
a. Lead acetate gives a precipitate with alcoholic solution. Sulphuric acid dissolves the 
drug with a cherry-red colour — Guaiacum. 

h. Lead acetate gives no precipitate. Sulphuric acid dissolves the drug with a yeUow-brown 
colour — Carana Resin (^Aceyta americana'). 
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2. Perehloride of iron colours the alcoholic solution brownish or greenish, 
n. Lead acetate gives with the alcoholic solution a precipitate that is not dissolved by boiling, 

o. Sodium carbonate solution dissolves part at the ordinary temperature. Chloral test 
colours the evaporation-residue of a petroleum-spirit extract gradually red-violet with 
blue streaks — Coniferous Sosins. 

0. Sodium carbonate dissolves none or a very small quantity. 

i. Petroleum-spirit extract colourless. Chloral test produces no colour or a very faint 

greenish — Bombay Mastic. 

Petroleum extract coloured. 

ii. Dark-brown. Chloral test colours brown — Mani Resin. 

iii. Yellow-brown. Chloral teat colours gradually indistinct red-violet — Carana Resin. 

iv. Yellow-brown. Chloral test and bromine solution colour a magnificent violet — Carana 

hedionda. 

b. Lead acetate gives with the alcoholic solution a precipitate that dissolves on boiling. 
a. Bromine solution colours red — Peruvian Guaiacam. 

$. Bromine solution produces no coloration — Alexandrian Mastic. 

c. Lead acetate gives no precipitate. Ammonia gives a turbid mixture — Dragon' sd>lood. 

II. Imperfectly soluble in alcohol. 

1. Lead acetate produces turbidity which disappears upon warming — Brazilian Copaiba, 

2. Lead acetate gives no precipitate. The drug is clearly crystalline. Sodium carbonate does 

not dissolve it by boiling. 

a. Bromine solution gradually colours green. 

1. Alcoholic hydrochloric acid colours violet, blue, or brown — Elemi. 

b. Bromine solution colours violet — Elemi. 

c. Bromine solution produces no colour — Elemi (Amyris elemifera). 


Imperfectly soluble in Ether. 

A. Perfectly soluble in alcohol. 

I. Sulphuric acid colours the evaporation-residue of a petroleum-spirit extract cherry-red. The 
drug is free from cinnamic acid — Siam Benzoin. 

n. Sulphuric acid does not colour such residue, or only faintly light-brown. Contains cinnamic 
acid — Sumatra Benzoin or Tolu Balsam. 

m. Sulphuric acid colours such residue yellow-brown passing into violet — Black Peru Balsam. 

B. Imperfectly soluble in alcohol. 

I. Perehloride of iron gives.a precipitate, which is neither dissolved by boiling nor soluble in 
ether — Brazilian Copal, 

n. Perehloride of iron produces no turbidity or only a slight one that disappears on boiling. 

1. The ethereous solution gives with alcohol a turbid mixture. 

a. Alcoholic hydrochloric acid colours it brownish. Chlor-al test colours evaporation-residue 

of petroleum-spirit extract greenish — Dammar. 

b. Alcoholic hydrochloric acid colours it brick-red. Chloral test colours the petroleum- 

spirit residue carmine-red to violet — White Peru Balsam. 

2. Ethereous solution gives with alcohol a clear mixture. 

. a. Ammonia gives with alcoholic solution a clear mixture. Bromine solution colours blue 
— Ceradia Resin. 

b. Ammonia gives with the alcoholic solution a turbid mixture. Bromine solution colours 
greenish — Mecca Balsam. 


Imperfectly Soluble or Insoluble in Chloroform. 

Completely soluble in Ether. 

A. Ethereous solution red. Ammonia gives with alcoholic solution a clear mixture — Dragon’s-blood 

from Pterocarpus Draco. 

B. Ethereous solution yellowish or colourless. 

I. Alcoholic solution gives with lead acetate no precipitate — Podocarpus Resin. 
n. Alcoholic solution gives with lead acetate a precipitate that is not dissolved by boiling — 
Sandarach, 


Imperfectly soluble in Ether. 

A. Ethereous solution becomes turbid after addition of alcohoL 
I. Alcoholic solution gives with ammonia a clear mixture. 

1. The mixture with ammonia is yellow. The solution of the resin in sulphuric acid is yellow- 

brown and gives with alcohol a clear violet mixture — Eryops Resin. 

2. The mixture with ammonia is carmine-red — Sonora Lac, 

II. Alcoholic solution gives with ammonia a turbid mixture. 
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1. Perchloride of iron colonra green. The drug contains cinnamic acid. Lead acetate’gives a 

precipitate — Liquid Storax. 

2. Perchloride of iron colours brownish or not at all. 

a. The drug contains cinnamic acid, and gives with lead acetate no precipitate— XiJufdaTnJar 
Balsam. 

h. The drug contains no cinnamic acid, and gives with lead acetate a precipitate — Eu- 
phorbia Tirucalli Resin. 

B. Ethereoua solution gives with alcohol a clear mixture. 

I. Perfectly soluble in alcohol. Perchloride of iron colours dark-brown or black. 

1. Solution in alcohol is red. 

a. Lead acetate gives no precipitate. Chloroform extract colourless— XarattorrAffia quad- 

rangularis Resin. 

h. Lead acetate produces turbidity. Chloroform extract yellow— XantAorrAcea arborea Resin. 

2. Alcoholic solution yellow. Lead acetate produces a precipitate— FWiow Xanthorrhcea Resin. 

n. Imperfectly soluble in alcohoL 

1. Alcoholic solution gives with ammonia a clear mixture. 

a. Ammoniacal mixture is violet. l.ead acetate gives a violet precipitate Zac. 

b. Ammoniacal mixture is yellow or colourless. 

a. Perchloride of iron colours the alcoholic extract black. Lead acetate gives no pre- 
cipitate — Gamboge. 

P. Perchloride of iron gives a precipitate which is neither soluble in ether nor by heating. 
Lead acetate gives a precipitate, 

i. KeadUy and completely soluble in ether-alcohol. 

ii. Bromine solution precipitates the resin from the chloroform solution— Austrafian 

Copal. 

iii. Bromine solution produces no precipitate — Manilla Copal. 

iv. Imperfectly soluble in ether-alcohol— A. Indian and African Copal. 

2. The alcoholic solution gives with ammonia a turbid mixture. 

a. Perchloride of iron gives a precipitate that is neither dissolved by boiling nor in ether 

Borneo Copal, 

b. Perchloride of iron gives no precipitate. 

o. (Completely soluble in ether-alcohoL Chloral test colours evaporation-residue of 

petroleum-spirit extract blue to blue-violet — Liquidambar styraciflua Balsam. 

p. Incompletely soluble in ether-alcohol, 
t The drug contains sulphur. 

L Yields umbelliferone by dry distillation. 

ii. Hydrochloric acid colours the evaporation-residue of the petroleum-spirit extract 

reddish-yellow : the chloral test colours it green— Persian Sagapenurn. 

iii. Hydrochloric acid colours the residue blue-violet; chloral test colours it rose-colour 

to raspberry-red and violet — Levant Sagapenurn, 

iv. Not coloured by hydrochloric acid. The solution of the drug in sulphuric acid is 

yellow-brown with a blue fluorescence. Potassium nitrate colours the gum-resin 
malachite-green — Ordinary Asafcetida. 

V. Yields no umbelliferone by dry distillation. 

vi. Sodium carbonate solution colours the drug light-brown, and the extract is not 

altered by acetic acid or lead aaeiaiie— Asafcetida from Ferula alliacea. 

vii. Sodium carbonate solution forms an emulsion that cannot be filtered. 

viii. Lead acetate gives no precipitate. Iodine solution is not altered— /ndian Bdellium. 

ix. Lead acetate produces immediately or after a short time a precipitate that dissolves 
upon wanning. Iodine solution is not altered— A/ncan Bdellium. 
tt The drug contains no sulphur. 

i. Yields umbelliferone by dry distillation. 

ii. The evaporation-residue of the petroleum-spirit extract is coloured by hydrochloric 
acid and the chloral test. ■' 


iii. Hydrochloric acid colours reddish-yeUow ; the chloral test colours gr^n-Persian 

Gatbanum. ° 

iv. Hydrochloric acid colours red-violet; the chloral test colours greenish-Zeaaat GaL 

oanum as at present in commerce., 

V. Hyd^hlorie add colours violet-blue ; the chloral test carmine-red-Older Speciaums 
of Levant Galbanum, ^ 

light-brown-A/rtoan 


vii. Yields no umbelliferone by dry distillation. 
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viii. Chloride of lime solation colonis the gum-reain orange-yellow — Persian Ammoniacum. 

ix. Chloride of lime solution produces no colour. Lead acetate gives no precipitate. 

X. Iodine solution is not altered ; the chloral test colours greenish — OUbanum. 

xi. Iodine solution is not altered ; the chloral test gives no colour — Indian Myrrh. 

xii. Chloride of lime solution produces no colour. Lead acetate gives a precipitate. 
xiU. Bromine solution colours violet-red ; the chloral test colours violet — Ordinary Myrrh. 
xiv. Bromine solution produces no colour or only yellowish. Perchloride of iron colours 

green — Opoponax. 

XV. Bromine solution produces no colour or only yellowish. Perchloride of iron colours 
brownish — Eupherbium. 

Indiabubbebs. — T his group includes all plant-substances which, in physical characteristics, 
resemble or approach indiarubher. The physical properties of indiarubber are so remarkable and 
peculiar that it is difficult to mistake whether a plant belongs to this group or not. It comprises 
tlie various kinds of indiarubber, guttapercha, balata, &c. These products have hitherto been 
obtained exclusively from the milky saps of certain plants. This milk is not confined to the plants 
affording supplies of indiarubber, but occurs also in members of other families, as the Papaveraceae 
QPapaver somniferum, or opium-poppy) and the milky Compositce {Lactuca, Cichorium, Sonchus). 

The milky sap of indiarubber-yielding plants lies chiefly in the middle layer of the bark, and is 
contained in a network of minute tubes (“ laticiferous vessels”), which, in the Apocynacew, are 
found also in tlje inner bark or bast layer. Examinations of this sap are less complete than they 
might be, and have mostly been made upon samples transported from S. America in closed vessels. 
A specimen analysed by Faraday gave 31 '70 per cent, caoutchouc, 7 '13 wax and bitter principle, 
2-90 matter soluble in water but insoluble in alcohol (? gnm), 1-90 albumen, 56 ‘37 water, acetic 
acid, and salts. The acidity was clearly due to fermentation. The fresh milks of some European 
nphorbias (Euphorbia Cyparissias and E. platyphylld) reveal the presence of water, resin, caoutchouc, 
essential oU, albumen, gum, yellowish-brown extractive matter, sugar, starch, fatty oil, tartaric 
acid, malic acid, &c. The chief ingredients are : — 



E. Cyparissias. 

E. platyphylla. 

Water 

72-13 

77-22 

Besin 

15-72 

8-12 

Gum 

3-64 

2-15 

Caoutchouc 

2-73 

0-73 


Their respective sp. grs. at ordinary temperatures are 1‘0449 and 1'0468. 

According to Adriani, the fresh milk of indiarubber and guttapercha plants appears under the 
microscope as a kind of emulsion, a clear liquid having suspended in it minute (tsttu diam.) 
globules of caoutchouc. Baw balata exhibits the same appearance. The milk of the above-named 
euphorbias coagulates on exposure to the air. The same is the case with indiarubber. That the 
caoutchouc is held in suspension in the juice by the agency of ammonia, gains probability from the 
fact that many of the fresh milks have an ammoniacal odour, and that the addition of liquid ammonia 
is resorted to as a preventive of coagulation. Exposure of the milk to the air causes a change 
(usually reddening) of colour. The presence of an indiarubber in a plant may always be detected 
by making an incision, and testing whether the exuding milk will coagulate into an elastic fibre 
when rubbed between the fingers. An incision in the dry bark of such plants will disclose parallel 
elastic threads. The main distinctive features of all the members of this group are their elasticity, 
and their insolubility in water, alcohol, alkalies, and organic acids. Their composition is some- 
what complex, and their market value depends upon a proportionate abundance of the elastic 
substance, with a relative absence of a certain oxidized, viscid, resinous body soluble in alcohol, 
and whose formation is in great measure prevented by rapid evaporation of the milk, and other 
means of avoiding oxidation. 

In quantity, indiarubber and its allies are found in numerous tropical and subtropical plants 
of the families Euphorbiacew, Apocynaceae, Asclepiadacem, Sapotaceae, Lobeliacew, Artocarpacece, and 
Moracece. The following list embraces the chief plants yielding indiarubber-like products : — 

Euphorbiaceae. — Eevea [SipAonia] spp. (Para Indiarubber) ; Manihot Glaziovii (Ceara Indiarubber) ; 
Mdbea spp. ; Omphalea cordata ; Sapium spp. ; Euphorbia spp. 

Apocynacea . — Urceola elastica, Willughbeia spp. (Borneo Indiarubber); Vahea spp. (Mozambique 
or Madagascar Indiarubber) ; Eancomia speciosa (Mangabeira or Pernambuco Indiarubber) ; 
Landolphia spp., Tdbemcemontana sp. (African Indiarubber). 

Asclepiadaceoe. — Calotropis gigantea, Cryptostegia spp., Alstonia spp. (Indiarubber). 

Sapotacece. — Isonandra [Zh'cAopit^ spp. (Guttapercha); Sideroxylon attenuatum; Mimusops spp. 
(Balata). 
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Ldbeliaceas. — Siphocampylus sp. 

Artocxirpacece. — Castilloa spp. (Central American Indiarubbers) ; Artocarpus integrifolia ; Cecropia 
peltata. 

Moracew. — Ficus spp. (Assam and Java Indiambber) ; Urostigma spp. (African Indiambber). 

It will have been observed that the preceding classifications necessarily exclude an artificial 
product such as dextrine or British gum, and the fossilized resins of which amber is the chief, as 
well as one or two bodies, which, though really astringent extracts, are commonly included among 
gums, — ^the kinos and mochurrus. This fact, combined with the want of umformity in different 
systems of classification, and the disregard for all classification exhibited by tl» mercantile classes, 
renders it inadvisable to continue a grouped arrangement in dealing with each product iu par- 
ticular. The following sections will therefore be arranged in alphabetic order according to the 
commercial names of the moat important — ^Amber, Ammoniacum, Arabic, Asafcetida, Balata, 
Balm of Gilead, Bdellium, Benzoin, Cadjii, Chagual, Cherry, Chicle, Chironji, Coco-nut, Copaiba, 
Copal and Animi, Dammar, Dextrine, Dhonra, Dika-mali, Dragon’s-blood, Elemi, Euphorbium, 
Frankincense, Galbanum, Gkimboge, Ging and Kunnee, Guaiaoum, Guijun, Guttapercha, 
Guttashea, Indiarubber, Jumrasi, Jutahy-seca, Kauri, Kino, Kos, Lac, Mahogany, Mango, Mastic, 
Mezquite, Mochurrus, Moringa, Myrrh, Nagdana, Olibanum, Opoponax, Orange, Peru balsam, 
Phorminm, Piney, Pitches, Eetinite, Bimu, Bosin, Sagapenum, Sandarach, SarcocoUa, Satin- 
wood, Schraufite, Storax, Tamanu and Tacamahaca, Tars, Tendoo, Thus, Tolu balsam, Tragacanth, 
Turpentines, Varnishes, Wood-apple, Xanthorrhoea. To these, will be appended an alphabetic list 
(under botanical names) of the leas important plants known to afford resinous, gummy, or 
balsamic exudations. 

Amber (Fa., Ambre, Sucein, Carabe ; Geb., Bernstein, Agtstein). — ^Amber is a fossilized resin 
yielded by trees that are supposed to have grown upon the greensand beds of the Cretaceous forma- 
tion, the forest originally reaching probably from Holland over the German coast, through Siberia 
and Kamschatka, even to N. America. The tree affording this resin, an extinct species of pine, 
has been provisionally named Pinites suacinifer, but Goppert has proved that the product is not 
necessarily from a single species, nor even confined to the Cmiferae at all. 

The amber supply obtained from the Baltic region of Prussia is more important than the com- 
bined contributions of aU other districts. In W. Prussia, the resin is found not only in the sea and 
on the shore, but also in a minor degree in the hilly interior. In the latter case, however, “ nests ” 
are rare, and the yield and profit of the scattered diggings are trifling. E. Prussia, and especially 
the part called Samland, is the great amber-producing centre. Here, particularly at Wansen, 
Lassan, Groskuhten, Klienkuhren, Kraxtepellen, Kreislaeken,Hubnicken, and Palmnicken, amber- 
mining is a settled industry. The productive stratum is a “ blue earth,” a loose, bluish sandstone, 
the lower member of the marine Tertiary formation of the locality. It has a thickness of 8-28 ft., 
the lowest 7 -II 5 ft. alone being worked. The depth is 108 ft. below tbe sinface, and 46 ft. below 
sea-level. The ground is worked by shafts and levels, in the ordinary way, but with extraordinary 
precautions against inrushes of sea-sand and water. The ground as picked down is sent to surface, 
and there undergoes examination. This consists in washing it with water through a long inclined 
trough, whose entrance is barred by a grating of 2^ 3-in. apertures, to arrest large masses, which 
require careful breaking by hand. Men armed with nets are stationed at 6-ft. intervals along the 
trough, and pick out all valuable pieces. The “tailings” or waste from the trough escapes 
through a 0 ■ 315-in. sieve into the sea. Becently, jigging-machines have been introduced in lieu 
of the troughs and net-men. Their sieves have a gauge of O' 118 in., through which the earthy 
matters are washed, leaving the amber on the surface. These machines (20) pass 350 cwt. of earth 
an hour. The average output of the mines is 15,000-25,000 tubs (of about § ton) a month, yielding 
60-120 cwt. of large, and 22-36 cwt. of small amber, the former embracing all sizes from 100 gr. to 
2J lb. The cost of production is estimated at 4s.-6s. 6d. a lb. The mean yield of amber is 1 kilo. 
(2-2 lb.) for every 20 cub. ft. excavated. The average local value is placed at Is. 3d. a lb. for 
small, and 7s. 6d. for large. In the three years 1876-8, the total production from about 13 acres of 
this ground (some 160 acres have been proved or worked) was 208^ tons of large and 60J tons of 
small amber, with a total value of 174,3501. The working is a monopoly of the Prussian govern- 
ment, who received in royalties for that period 44,6641. 

The area of the amber-bearing stratum of E. Prussia is far from being satisfactorily determined. 
Moreover, there is reason to believe that other strata exist at deeper levels than the one now being 
worked, as considerable quantities of the resin are found among soil washed away by the sea, during 
heavy gales, from those portions of the coast sand-hiUs that lie at a lower horizon. This is known 
as fliesen amber, in contradistinction to the erd amber of the mines ; it is softer and of less uniform 
colour. This marine amber is obtained by dredging at Sohwarzort, on the Kurische Haff, near 
Memel, and by diving at Briisterort. The yield of the former is of considerable importance, 
amounting to 80,000-90,000 lb. annually. The resin is found almost unifomdy in separate nodules. 
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with lignite, disseminated in the sand, at a depth of 10-12 ft. The dredged-up sand is sent ashore, 
and washed in the same way as the earth from the mines. The production of amber in E. Prussia 
in 1870 was 1415 owt., of which, the dredging at Schwarzort contributed 740 cwt. ; the diving at 
Briisterort, 300 cwt. ; the mines in Samland, 55 cwt. ; the fishing along the coast, 320 cwt. This 
was much below the average, in consequence of the war. In 1874, some 360,000 lb., of all sizes and 
qualities, were exported. 

The occurrence of amber outside the German empire is very trivial and precarious, and the 
products are said to be of different origin. Stray pieces occasionally found on the coasts of KorfoUr, 
Suffolk, Essex, and Sussex, and on the Swedish and Danish shores, usually after severe storms, are 
doubtless washed from the Baltic beds. It sometimes occurs in the sandy deposits of the London 
clay at Kensington, and associated with bituminous deposits in the Paris clay ; also in the French 
departments of Aisne, Loire, Gard, and Bas-Bhin, as well as near Basle, in Switzerland. The 
shores of the Adriatic and the coasts of Sicily likewise afford specimens ; those from the latter often 
have a green or violet-blue colour. Some years' since, an extensive bed of yellow amber was dis- 
covered in sinking a well near Prague, and pieces weighing 2-3 lb. were produced. Roumania 
possesses amber-deposits in the mountains of Sibicio, Valley of Bugeo, which, rationally exploited, 
might become important. The prevailing colour of the product is brown, but all shades occur, from 
orange-yellow or red to black, blue, and green, sometimes with specks and veins of several 
tints. The supply is always diminishing in quantity and in the size of the pieces. In N. Burma, 
amber-beds are found at an elevation of 1050 ft., to the S.-'W. of the Mien Khorm plain, in the 
Hukong Valley. Pits are sunk to a maximum depth of 40 ft., the lower half penetrating a greyish- 
black carbonaceous earth. American localities where amber is met with are Cape Sable, near 
Magothy River, Maryland ; Gay Head, near Trenton, and Camden, New Jersey ; and, more 
recently, near Vincentown, New Jersey. All the specimens are found in the greensand formation. 
The sp. gr. of the Vincentown amber is less than that of water. 

The principal markets for amber are Constantinople, Vienna, Moscow, Paris, London, and New 
York ; the German towns chiefly engaged in the trade in raw and worked amber are Dantzig, 
Konigsberg, Stolpen, Breslau, and Liibeck. The commercial varieties of the resin are divided into 
seven classes, based upon physical characteristics : — (1) “ Shining ” {luisant), pale-yellow or 
greenish; (2) “bastard” (bdtard), opaque, citron-yeDow to dark-yellow; (3) “ bone-coloured ” 
(pouleur d'os), dull-white, very rich in succinic acid ; (4) “ agate-coloured ” {cmtleur d’agate') ; 
(5) “impure,” containing organic remains; (6) “cloudy” (nuageux), unequally coloured, mainly 
clear-yellow ; (7) “ transparent,” of various colours. The values vary widely with the size, form, 
and colour of the pieces, and the kind most esteemed in one market is neglected in another. An 
approximate scale of prices is as follows For mouth-pieces : 1 lb. in 9 pieces, 66s. ; 1 lb. in 
18 pieces, 45s. ; 1 lb. in 40 pieces, 30s. ; 1 lb. in 60 pieces, 19s. 6d. ; 1 lb. in 100 pieces, 12s. ; 1 lb. 
in 200 pieces, 9s.; for beads: 1 lb. in 30 pieces, 30s.; 1 lb. in 60 pieces, 18s.; 1 lb. in 100 
pieces, 12s. 

Crude amber occurs in commerce in pieces of irregular size and form ; that from the mines is 
usually angular, with a rugose surface, while that from the sea is generally somewhat rounded by 
attrition, and smooth. The fracture as a rule is conchodial, and more or less lustrous. The con- 
sistence is solid, hard, and brittle. The sp. gr. commonly ranges between 1-05 and 1-09.5, the 
average being 1-065-1 -070. Amber is devoid of odour and flavour at ordinary temperatures, but 
it affords a strong pleasant aroma when rubbed, pulverized, or burned. It is on this account 
employed in the perfume called eau de luce (see Perfumes, p. 1532). The gradations of colour have 
already been alluded to. Blue is due to ferric phosphate ; cloudiness is caused by enclosed water 
in ordinary cases, but by excess of succinic acid (often in the free state) in the bone-Uke specimens. 
The cloudiness produced by entangled water can be completely removed by boiling in oil. Expo- 
sure to light darkens the colour of light-tinted amber. Amber is almost completely insoluble in 
water, ammonia, acetic acid, carbon bisulphide, benzol, and petroleum-spirit ; slightly soluble in 
alcohol, ether, turpentine, chloroform, and volatile oils ; and completely soluble in alkaline solu- 
tions containing camphor, and in a mixture of alcohol and turpentine-oil heated in a closed vessel. 
On boiling for 20 hours in linseed- or rape-oUs, or heating for 40 hours in a sand-bath, it becomes 
transparent and ductile, allowing itself to be moulded into any form, and even enabling pieces to bo 
cemented together. Subjected to dry distillation, it aflbrds amber-oil (see p. 1416), succinic acid, 
and a solid residue. The applications of amber are chiefly as an article of ornamental turnery for 
the mouth-pieces of pipes and cigar-holders and for beads ; for the preparation of a superior varnish 
(see Varnish) ; and for the production of amber-oil and succinic acid. As a medicinal agent it is 
extinct ; and as a perfume, is chiefly used in the East. Our imports of it are on an increasing 
scale : in 1853, 43 cwt. ; in 1867, 60 owt. ; in 1870, 329 cwt. It is very extensively replaced by a 
false amber composed of copal, camphor, and turpentine, and costing but a mere fraction of tlie price 
of the true article. Simple tests by which the two substances can be distinguished are ; — (1) Heated 
on a plate, the false will soon melt, while the true will bear a high temperature ; (2) covered with 



1630 


EESmOUS Aim gummy substances. 


snlphTuric ether, the false is dimmed and softened, so that a penknife will pierce it ; (3) on igmtion, 
the tme swells but does not run, while the false melts at once into drops ; (4) amber is insoluble in 
oajuput-oil, while copal is quite soluble; (5) amber emits sulphuretted hydrogen when strongly 
heated. 

Uknunoniacum (Fb., Gomme-Ammoniaque ; Gbs., Amrrumiakgumtm). — The true ammoniacnm of 
commerce is produced chiefly, if not exclusively, by Dorema Ammoniacam. This plant, the vAhak of 
the Persians, occurs over a wide stretch of the barren country of W. Asia, particularly in the Persian 
provinces of Farsistan, Irak, and Khorasan. Bunge and Bienert place its north-western limit at 
Shahrud, S.-E. of Asterabad, whence it ranges eastwards to the deserts lying to the S. of the Sea Of 
Aral and the Sir-Daria, while southwards it has not been met with beyond Basiran, a village of 
S. Khorasan (in 32° N. lat., and 59° E. long.). Dr. Grant found it abundantly in Syghan, near 
Bamian, on the N.-W. slope of the Hindu-Kush Mountains. One of the chief localities for the 
prodnction of the gum-resin is the desert plain about Yezdikhast, between Ispahan and Shiraz. 

The plant attains a height of 7 ft., and almost all portions of it, the stem, roots, leaves, and 
&nits are permeated by a milky juice, which escapes abundantly on the slightest puncture. Arti- 
ficial tapping is not resorted to, the operation being performed by beetles, which, in the month of 
May, attack the plants in multitudes, and pierce them all over. The juice exudes in drops, which 
rapidly harden in the sun, and either remain attached to the plant, or faU to the ground. The pro- 
duct of this exudation, together with min or quantities which ooze out from the 3-4-year-old roots, 
and from the fibrous crown of the root, is collected in July-August by the peasants, and sold to 
dealers for transport to Ispahan or the coast. The gum-resin reaches Europe by way of the Persian 
Gulf and Bombay. The imports into Bombay from the Gulf were 327 cwt. in 1869-70, 520 cwt. in 
1870-1, 164 cwt. in 1871-2, and 1671 cwt. in 1872-3; the re-exports from Bombay to the United 
Kingdom were 453 cwt. in 1871-2. 

The ammoniacnm of commerce is distinguished as “ tear ” and “ lump ” ; the former constitutes 
the hardened drops in their separate form, while the latter is composed of concreted masses of these 
drops, more or less contaminated with gross foreign matters. The tears are dry grains of roundish 
form, varying in size from a millet-seed to a nut. Externally, their colour is pale cream-yellow ; 
internally, opaque milk-white. . Long keeping darkens their outer appearance to cinnamon-brown. 
At ordinary temperatures, the tears are hard and brittle, with a dull waxy lustre on the fractured 
surface, which is conchoidal. They readily soften by heat, particularly if recent. The “ lumps ” 
have a marbled or granitic appearance, and are sometimes softer, greasier, and more adhesive than 
the tears, sometimes harder, more brittle, and more lustrous, but always far less pure. The gum- 
resin has always a characteristic, non-alliaceous odour, and a bitter, acrid flavour. Its prominent 
constituents are resin (70 per cent.), essential oil (3-4 per cent.), gum, and water. It is used 
medicinally (see Drugs — Ammoniacnm, Sumbul, pp. 793, 826), and in some cements. 

Other Persian species of Dorema are capable of yielding gum-resins, though they are not known 
to contribute to the commercial supply. The exudation from the plant called zah by the Kinds, 
Z>. Aucheri, afibrds a very good article. These species, however, are far less abundant than the one 
producing the officinal drug. No attempt seems to have been made to cultivate any of these plants 
in India or Australia, though the conditions for success would appear to be present. 

Moroccan or African Ammoniacnm most not be confounded with the Persian product just 
described. It is an object of commerce with Egypt and Arabia, where it is employed, as of old, in 
fumigating. The plant aflfording it is called faskook in Arabic, and has been hitherto referred to 
Ferula orientalis, or F. tingitana ; but Hooker and Ball consider it decidedly an Elceoselinum, probably 
E, humile, Leared was told that this plant grows at a place two days from Mogador, on the 
Morocco road ; but Hooker and Ball were assured that it is found nowhere along that route, nor 
nearer to it than El Araiche, a place lying north of Morocco city, which is confirmed by informa- 
tion gathered by B. Drummond Hay, to the efiect that it occurs near Morocco, and chiefly around 
Tedla. Lindley and others would extend the habitat of the plant to all N. Africa, as far as Syria, 
Ehodes, and Chios, and into Armenia and the E. Caucasus. But the product is obtained only in 
a very circumscribed district of Morocco, as stated, and is shipped occasionally at Mazagan and 
Mogador. It occurs in large, compact masses, of dark colour, formed by the agglutination of greenish 
or fawn-coloured tears. The main constituents are 67 per eent. resin and 9 per cent. gum. It is 
readily distinguished from the Persian officinal article by resisting the efiects of hypochlorites, 
while the latter assumes a bright-orange hue by their action. 

The approximate Loudon market value of ammouiacum is 30-40s. a cwt. for drop, and 12-363. 
for siftings and blocky. 

Arabic (Fb., Gomme Ard/nque; Geb., Acaciengummi, Arabisches Gummi).— The term “gum 
Arabic ” is sanctioned by long commercial use, and is therefore retained here, but it is quite mis- 
placed, only a trifling proportion of a single variety of the product being derived from Arabia. The 
plants yielding the many forms of this useful gum are all species of Acacia, a genus of shrubs or trees 
widely diffused in the warmer regions of the globe. The principal acacia-gums may be best 
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described under the separate titles by which they are known in commerce, viz. : — ^Picked Turkey, 
or White Sennar; Senegal; Snakin, Savakin, Talca, or Talha; Morocco, Mogador, or Brown 
Barbary ; Cape ; E. Indian (Babul, Siris, and Kheir) ; and Australian or Wattle. 

1. Picked Turkey or White Sennar, — This is the produce of Acacio Senegal [A. Verek, Mimosa 
Senegat], a species not exceeding 20 ft. in height, which grows abundantly, constituting extensive 
forests, in the sandy region of W. Africa, mostly north of the Senegal river. Its negro name in 
this district is verek. In S. Nubia, Kordofan, and the Atbara country of E. Africa, where the tree 
is also found, it is called hasbdb. Schweinfurth’s testimony, corroborated by other authorities, is 
to the effect that this tree alone affords the fine white gum of the Upper Nile and Kordofan. The 
gum usually exudes spontaneously from the trees, without requiring any mutilation of the bark ; 
but the natives of the Somali country, opposite Aden, are accustomed to supplement the natural 
outflow by scoring long wounds on the stems and branches. In Kordofan, the masses of gura aggre- 
gated upon the bark are removed by an axe, and gathered in baskets. The most highly valued 
kind, the hashabi, from Dejara province (Kordofan), is despatched from El Obeid and Bara to 
Dabbeh, and thence down the Nile into Egypt, or from Mandjara down the White Nile. The 
Samhara coast, towards Berbera, produces a good gum, part of which is shipped at Massowa ; some, 
however, reaches Egypt by way of Jedda, in the Arabian Hejaz, whence it is called Hejazi or Jedda 
gum. The gum collected in the Somali country is of three grades, styled Eeliok, Zeila, and 
Berbera. The first is gathered chiefly by the Magartam Somalis, and those who inhabit the dis- 
trict around Cape Gardafui. This is esteemed the best. None of it finds its way to Aden, but a 
little reaches MacuUa and Shehr on the Arabian coast, and the mass is bought up by Banians, and 
shipped direct to India. In Somali Land, when the gum of a district is gathered, it is sewn up in 
goat-skins, and carried on camels to the great Berbera fair, or to some of the small coast settle- 
ments, for shipment to Aden or Bombay. The plant is common in Yemen and Hadramaut, but 
the Arabs collect very little gum from it. The natives on the S.-E. coast, between Aden and 
Macnlla, also collect a little, but scarcely any of this is exported. 

2. Senegal. — This variety is produced by the same species of Acacia as the foregoing, and is in 
many respects identical with it. There are three distinct harvests per annum of this gum in the 
French colony of Senegal. The first, whose produce is termed gomme du bos du fleuve, takes place in 
November, during the windy season following the floods. The concreted exudations of gum are 
removed from the branches by means of crooked sticks. It is generally buried in the still damp soil, 
to remove the excessive moisture ; it loses much of its weight and worth by drying, and usually 
accumulates a coating of sand. The second crop, gomme du haute du fleuve, or gomme de Qalam, is 
completely dry when taken from the trees, and, being carried direct to store, is much cleaner than 
the first. The third contribution, gomme friable, or Salahreda, comes from Upper Senegal ; it is 
extremely friable, owing, it is said, to the annual conflagrations in the forests, and is low-priced. 
During the harmattan winds, the gum exudes from the bark of the trees in tears, and solidifies in 
the open air, the amount of exudation depending upon the force and duration of the wind. The 
principal districts in which Senegal gum is produced on the one side are the country of the Brakna 
and Tararza Moors, the Gahuu country, Bondou, and Bambouk ; and on the other, Oualo, Cayor, 
and Djolof. The three chief forests producing gum for the trade with Europe are: — That of 
Alfatak (Afatac), situated about 15 leagues from the river, opposite Podor, and extending to Lake 
Cayor, occupying a large portion of the Brakna country ; (2) that of Liebar (El Ebiar), 30-10 
leagues from the river, in the country of the Uarmancour Moors, and containing many small trees 
affording red gum ( ? A. nilotica') ; (3) that of Sahel, in the territory of the Tararza Moors, the produce 
of which is carried to Gahe. This last forest consists exclusively of trees yielding white gum, and 
it is this product which is carried to Portendick for sale to English traders. Senegal gum is 
exported almost entirely to Bordeaux. Here it undergoes minute classification, the chief kinds 
being : — (1) Blanche, a fine, white gum, used in pharmacy, confectionery, distilling, and for dressing 
calico, linen, and lace ; (2) petite blanche, similar, but smaller ; (3) blonde, fine gum of pale-brown 
tint ; (1) petite blonde, similar, but smaller, used for gumming envelopes and dressing ordinary 
cotton fabrics ; (5) 2™« blonde, darker than and inferior to the last, but used for like purposes ; (6 to 
9) gros grabeaux, moyens grabeaux, menus grabeaux, and grabeaux tries, different qualities of the more 
friable gum, less clear and more cracked in the interior than the first five grades ; (10, ll) friable 
blanche and friable blonde, better qualities of the friable kind; (12, 13) fabrique and petite fabrique, 
especially selected for dressing textiles ; (II) poussiere, siftings, used for ink, blacking, and paint ; 
(15) tnarrons et bois, contains fragments of wood, averaging 27 per cent, of the whole, and is used 
for similar purposes ; (16) boules naturelles, in orange-sized lumps, largely used in the silk-manu- 
factories of Lyons. Several other minor distinctions are recognized. Senegal gum on the whole is 
usually yellowish or reddish, and has less of the fissures so common in Picked Turkey, therefore 
much firmer and less readily broken. The presence of vermicular pieces is characteristic. 

3. Suakin, Savakin, Talca, or Talha. — This kind is afforded by the talch, talha, or kahd (A. 
stenocarpd) and by the ssoffar (A. Seyal). The best quality, hashabi el Jesire, comes from Sennar, 
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on the Bine Nile ; an inferior grade is sent from the barren plateau of Takka, l3dng between the 
E. tributaries of the Blue Nile and the Atbara and Mareb, as well as from the highlands of the 
Bisharrin Arabs, between Eihartnm and the Red Sea. The transport of the gum is effected by way 
of Khartum or El Melkheir (Berber), or, much more extensively, by Suakin (Savakin), on the W. 
coast of the Red Sea, nearly opposite Jedda. It occurs in commerce in subglobular tears, which 
are always much disintegrated, by reason of its brittleness, showing a conchoidal, glassy fracture. 
Large tears appear opaque, on account of numerous fissures. The fragments vary from nearly 
colourless to brownish and reddish-brown tints. Large quantities are imported from Alexandria 
and Suez, and it is not infrequently sold for medicinal use. 

4. Morocco, Mogador, or Brown Barbary. — According to Hooker and Ball, the most recent authori- 
ties on the subject, this sort of Arabic gum is produced by Acacia gummifera {Mimosa gwnmifera. 
Acacia coronillafolia, Mimosa coroniUwfolia, Sassa gummifera), a scarcely-known plant of Morocco, 
occurring abundantly as a thorny bush in the lower region of S. and W. Morocco, according to the 
testimony of the natives, who call the plant alk tlah. The gum does not seem to be collected in the 
W. portion of its range in S. Morocco, but in Demnet, whence it is carried to Mogador. Possibly it 
is only in the hotter and drier regions of the interior that the gnm is produced in quantities to be 
worth gathering. At any rate, the gum is yielded only during the hot, parching months of J nly and 
August, and increases according to the hotness of the weather and the sickly appearance of the 
tree, being least after a wet winter and in a mUd summer. Some accounts suppose the Moroccan 
gum arabic to be derived from the same Acacia which is found in Senegal ; but all the inquiries 
made by Consul R. Drummond Hay, for Hooker and Ball, agree that this plant, the alk awarwhal 
of the Arabs, is not found in Sus, no such tree existing either north or south of the Atlas 
Mountains, its gnm being brought from Soudan, and of inferior quality to that of A. gummifera. It 
is fjirther stated that this latter species grows chiefly in the provinces of Blad Hamar, Rahamma, 
and Sus. Previous writers, including Hanbury, ascribe the Moroccan and Fezzan gum to A. nilotica 
[aroMca], the ssant or sont, which is said to range widely over Tropical Africa, as far as Senegambia, 
Mozambique, and Natal, and even to Sind, Gujrat, and Central India. The gum assumes the form 
of worm-like tears of moderate size, and of light dusky-brown tint. 

5. Gape. — In the Cape Colony, the doomboom, wittedoom, or karrodoom tree {A. horrida \_Karroo, 
capensis]), the commonest tree of the S. African deserts, spontaneously yields a very large quantity 
of an amber-brown gum, somewhat dull and unclean, and incompletely soluble in water. 

6. B. Indian — Babul, Siris, Kheir, 4rc. — All, or nearly all, the gum called “E. Indian” in 
commerce is African produce shipped to Europe vii Aden and Bombay ; but several Indian species 
of Acaeia aflbrd gums of more or less value, which are utilized locally, though unknown beyond the 
limits of the country where they grow. The babul kind is ascribed to A. arabica, and is produced 
in Bengal, Coromandel, and the Deccan. The gum is exuded abundantly in March-April, and 
occurs usuaUy in rather large tears or portions of tears, of a more or less dark-brown colour, rather 
brittle, with a shining fracture, wholly soluble in water, forming a weak, dark-coloured mucilage ; 

it is often mixed with impurities. The kheir gum is obtained from A. catechu (see Tannin 

Catechu). It is in rounded tears, varying from the size of a pea to that of a smaU walnut, or in 
broken fragments ; it is mostly of bright shades of dark-amber or mahogany-brown, rather friable, 
the tears being cracked, and of a grain resembling coarse brown sugar. The dark tears especiaUy 
have a sweet flavour. The gum is readily soluble in water, giving a thin but strong mucilage of a 
deep brown-sherry colour. Selected samples of this gum were sent from Chanda for valuation in 
1873 ; the report was “ ordinary arabic, value 20-25*. a cwt.” It is stated that the Chanda gnm 
could be placed in the Bombay market at 5i rupees (10s. fid.) a cwt. ; and that by exercising some 
care and attention, quantities could be procured equal to the sample reported on. The sim gum is 
derived from A. speciosa-, it is yielded in considerable quantity, and is valuable for many ordinary 
purposes. The quality seems to vary, some being described as equal to good babul, while other is 
considered inferior, being only partially soluble in water, and forming a kind of stiff jelly. The 
latter kind is in dull irregular tears, flavourless, and of a dark-brown colour; it is used for 
adulterating gum arabic (the imported article), and, under the name of lera, in printing gold- and 
silver-leaf patterns on calicoes. The gum does not seem to be collected or sold on an extensive 
scale. Other Indian Acacia gums are obtained from A. modesta, in the dry tracts between 
Sahamnpore and Delhi: it is in Uttle, curled, yellow pieces, quite soluble; from A. odoratissima, 
in Coromandel, the Concans, the Nilgiri8,and Assam : shining rounded tears, liable to agglutinate, 
of dark-brown colour, resembling babul, flavourless, and quite soluble ; from A. ferruginea, in the 
Circars and Courtallum: dark-brown shining fragments of large tears, moisk readily agglutinated 
and tenacious, soft, flavourless, and dissolving in water to a coloured mucilage; from A. leucophtcea, 
in Coromandel, S. Mahratta country, Sholapore, and Delhi; and from A. sundra, in the mountains 
of Coromandel, and the Sunderbunds. 

7. Australian or Wattfe.— Several Australian species of Acacia furnish gums bearing more or 
less general resemblance to the commercial gum arabic. Principal among them is the black or 
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green wattle-tree (it. decMrrens [mollissima, deattata ]) ; next in importance are A. yycnantha, and A. 
lumalophylla, besides A. harpophylla and A. BidwHli. The Anstralian species are of much more rapid 
growth than the African, and the supply of gum might be rendered abundant. It has been 
exported for cotton-printing, adhesive, and other applications. It occurs in large hard tears, sticks, 
and lumps, of pale-yellow, amber, or reddish-brown colour, and transparent ; it is quite soluble in 
water, forming a strongly-adhesive mucilage, which is less liable to crack when dry than that of 
some other kinds. 

The trade in gums of the arabio family has no mean importance. The annual export of Senegal 
gum amounts to about 3,000,000 kilo, (of 2 • 2 lb.). Of Suakin gum, some thousands of bales reached 
Suez in 1879. Cape Colony exported 101,241 lb. in 1872. Morocco exported 5110 cwt. of gums of 
various kinds (including sandaraoh) in 1872, a quantity much below the average. The exports of 
unenumerated gum from Alexandretta in 1879 were : — 14 tons, value 22401, to England ; 20 tons, 
32001, to France ; 7 tons, 11201, to Italy, 9 tons, 14401, to Austria; 18 tons, 14501, to Turkey ; 
22 tons, 17601, to Egypt; total, 90 tons, 11,2101 Bagdad, in 1878, exported 24 cwt. gum arabic, 
value 101, to India and Europe. The importa of gum arabic into the Bombay Presidency in 1872-3 

.^ere : 18 cwt. from Turkey, 136 from the African coast, 13,106 from the Bed Sea, 927 from Aden, 

165 from the Persian Gulf: total, 14,352 cwt.; the exports were: — 4501 cwt. to the United 
Kingdom, 60 to France, 3 to Trieste, and 1 to the African coast ; total, 4625 cwt. Trieste has 
long been a most important centre of the gum arabic trade. The imports here were 2,695,100 kilo. 
(of 2-2 lb.) in 1877, 2,726,300 in 1878, and 4,638,400 in 1879 ; the exports in the same years were 
2,707,000, 2,796,400, and 3,080,900 kilo, respectively. The shipments to England alone in 1879 
were 1586 tons. All the gum received at Trieste is classified into the following 32 grades : — 


Name. 


Mean Value 
per 22Q lb. 


1. Arabic, Trhite, la 

2. Ghizira, white, 16 

3. Arabic, pale-yellow, 2a 

4. Ghizira, pale-yellow, 26 

6. Arabic, yeUow, 3a 

6. Ghizira, yellow, 36 

Arabic, superOne, choice, 4a 

8. Arabic, fine, 46 

9. Ghizira, floe, 4c 

10. Arable, medium, choice, 4d 

11 . Ghizira, medium, choice, 4c 

12. Arabic, granular, 6a 

13. Arabic, granular, 56 

14. Ghizira, granular, &c 

15. Suakin Sennary, granular. 5<i .... 

16 . Suakin, ordinary, granular, 5c . . . . 

17. Arabic, crude, ^anular, 5/ . . . . . . 


299 -302*. i 
206 -208*. 

208 -210*. 

193 -195*. 

168 -173*. 

143 -1444*. 

1294 - 151 *. 

120 - 121 *. 

108 -111*. I 
114 -lie*. 

80 - 84*. 
97i- 99*. 

88 - 89*. 
77i- 804*. 
73 - 774*. I 
504- I 

120 -121*. j 


Name. 


Mean Valne 
per 220 lb. 


18. Arabic, cmde, select, 5g 

19. Sennary and Ghizira, cmde, granular, 5A 

20. Jedda, 6a 

21. Senegal, choice, 66 

22. Senegal, crude, 6c 

23. Arabic, crude, 7a 

24. Arabic, crude, without dust, 76 . . . . 

25. Arabic, crude, granular, 7c 

26. Sennary, crude, and Ghizira, 8a . . . . 

27. Sennary, cmde, and Ghizira, without 

dust, 86 

28. Sennary, crude, and Ghizira, granular, 

and without dust, Sc 

29. Saukin, cmde, 9 

30. Senegal, genuine, cmde, 10 

31. Damaged. 11, according to quality. 

32. Powdered, 12, according to quality. 


1594-161i*. 
79 - 82*. 
126 -128*. 
1164 - 121 *. 
82 - 84*. 
114 -1174*. 
131 -1344*. 
1344-1371*. 
79 - 804*. 
I 79 -804*. 

J 79 - 804*. 

674- 724*. 
1174-11&4*. 


The imports of gum arabic into the United Kingdom were 49,305 cwt., 133,980/., in 1876; 
54,014 owt., 167,503/., in 1877; 59,147 cwt., 179,118/., in 1878; 88,957 cwt., 256,677/.. in 1879; 
75,397 cwt., 216,072/., in 1880. The imports for 1880 were contributed as follows: — From Egypt, 
51,543 cwt., 149,021/.; Austrian territories, 6555 cwt, 20,519/. ; Aden, 5017 cwt, 14,669/. ; Aus- 
tralia, 4657 cwt., 8962/.; other countries, 7625 cwt, 22,901/.; total, 75,397 cwt., 216,072/. Our 
imports from Austrian territories have been : — 6502 cwt. in 1876, 5720 in 1877, 4411 in 1878 ; 6964 
in 1879 ; from Egypt: 31,981 cwt in 1876. 35,924 in 1877, 42,205 in 1878, 65.024 in 1879 ; from 
Morocco : 4893 cwt. in 1876, 4869 in 1877, 1459 in 1878, 2810 in 1879, 2401 in 1880; from the 
Cape: 3 cwt. in 1876, 26 in 1877, 45 in 1878, 32 in 1879, 23 in 1880; from S. Australia: 373 
cwt. in 1876, 748 in 1877, 1172 in 1878, 4442 in 1879, 3908 in 1880. Our re-exports of gum arabic 
in 1880 were : 5725 cwt., 20,923/., to the United States ; 4689 cwt, 12,168/., to Germany ; 3793 cwt., 
10,361/., to Holland ; 2562 cwt, 7373/., to Australia; 2379 cwt, 5739/., to Belgium; 2316 cwt., 
6355/., to Russia; 1991 cwt., 5719/., to France; 3253 cwt, 9046/., to other countries; total, 
26,708 cwt., 76,684/. 

The approximate London market values of the various kinds of gum included under “ arabic ” 
are as follows: — E. India: pale, fine, 2/.-3/. 10s. a cwt.; sorts, middling to fine, 1/. 15s.-2/. 15s. ; 
garblings and siftings, 1/. 5s.-2/. Turkey : pi<^ed good to fine, 6/. lOs.-lO/. ; second and inferior, 
2/. 10s.-5/, 10s. ; in sorts, 1/. 10s.-3/. 5s. Jedda and Tales : 1/. 45.-2/, Barbary : brown, 2/.-3/. 5s. 
Australia : 1/. 5s.-2/. 10s. Senegal : 21. 10s.-3/. 

Asafoetida (Fb., Asafoetida ; Geb., Asafeetida, Asanty Stinkasanty Teufelsdreck). — There are at 
least 3 distinct kinds of asafoetida; — (1) Hingra in local nomenclature, produced by Narthex 
Asafostida [Ferula Narthex^ and constituting the drug of European commerce ; (2) Kandaharuhmg, 
also obtained from Narthex Asafeetiday but only in minute quantity, and unknown outside of India ; 
(3) Mijigy afforded by Ferula alliacea [Asafeetida'], and officinal in India, though scarcely known 
beyond it. 
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The relative geographical distribution of these two plants, or even the limits within which they 
thrive, are matters of considerable obscurity, travellers mostly alluding to them without reference 
to their botanical identification. Their range seems to extend from Persia and the Caspian region 
through Afghanistan into Tibet. According to Bellew, the king plant grows wild on the sandy 
and gravelly plains that form the W. x)OTtion of Afghanistan. It is not under cultivation, but it is 
tended and watered by the Kakar Afghans wherever it is found. Indeed Wood observed that the 
asafoetida-growing districts around Sykan or Saigan were portioned out like corn-fields, and as care- 
fully guarded. About the commencement of March, the leaves of the plant sprout afresh from the 
perennial root ; and during the succeeding months of April and May, when the product is most 
plentiful, the whole plain country between Kandahar and Herat is occupied by the Kakars of the 
Bori Valley and the hills about the Bolan, who almost monopolize the collection and exportation 
of the gum-resin. The plant is said to grow in greatest abundance at Anardarra, in the Halmand 
(Helmund) district, though it is also scattered all over the W. portion of Afghanistan, and extends 
into the N. parts of Persia and Turkestan. Bellew saw the plant in great abundance beyond the 
Harut river, and on the plains of Biijand and Ghayn. It is also met with on the E. side of the 
Indus valley, in the Jhelam basin, and ou the Upper Chenab. Col. Stewart (see Proc. B. Geog. 
Soc., Sept. 1881, pp. 521-2-4) speaks of asafoetida (species not stated) as being the only product of 
the desert country crossed by him between the spring of Chasma Shutaran and the village of Zangi 
Chah, both situated in Khorassan, on the S.-E. border of the Dasht-i-Kavir or Great Salt Desert. 
The district approximately comprises the land lying between 55° and 58° E. long., and 33° and 35° 
N. lat. The production here is very great. He remarks that the Persians know of no use for the 
drug. 

The collection of the gum-resin is effected in the following manner : — About April-May, the 
frail, withered, and vaginated stem belonging to plants of the previous year (on roots at least 
4 years old), as well as the cluster of fresh, green, sheathing leaves that may have sprouted before 
the withered portion has been blown away by the wind, is cut away at the junction with the top of 
the root. A trench about 6 in. wide and deep is cut in the earth immediately surrounding the root. 
In some instances, it would seem that the incising of the root follows at once ; in others, a period of 
40 days is allowed to elapse, during which, the soil is loosely returned to the trench, and the root 
is further protected from the solar heat by a coating of leaves and herbage, secured by a stone. The 
incising operation consists in making either several deep outs across the upper portion of the root, 
or in removing very thin slices from it. In both cases, the wounded surface affords a milky exuda- 
tion, which may be so sparse as to coagulate in tears upon the wound, or so plentiful as to escape 
into the trench around the root, and there solidify in lumps more or less contaminated with earthy 
and sandy particles. The yield from the first cutting is termed $hir (“ milk ”), being more liquid 
than the subsequent product; it is much less esteemed, and is very largely (20-200 per cent.) 
adulterated with a soft earth, wheat-flour, or powdered gypsum, mainly perhaps to give it a port- 
able consistence. The incisions are repeated at intervals of 3-4 days, extending to a fortnight if 
the flow warrants it. The exudalion at this time assumes a thicker condition, and is known as 
pispaz. The wounding of the root is repeated at longer intervals during June, July, and even 
later, until the root is quite exhausted. After every incision, the protection of the root from the sun 
is very carefully attended to, otherwise the heat causes the root to wither, and stops the exudation. 
The quantity of the gum-resin afforded by 'each root varies from 1 oz. to 2 lb., much depending upon 
the development of the roots, whose size ranges between 1 in. and 6 in. in diameter. Bellew dis- 
tinguishes two kinds of asafoetida plant, called respectively kama-i^gavn and kama~i-anguza ; the 
former is grazed by cattle and used as a pot-herb, while only the latter affords the gum-resin. 

It would seem that hmg, the produce of Ferula alliacea, is obtained by taking thin slices from 
the crown of the root, together with the gum-resin which had collected upon them, until the root 
is exhausted. The slices are generally extremely thin, and form but a small proportion of the 
whole mass. To make the commercial article, the exhausted root is collected, out up, and mixed 
with the gum-resin which has been obtained as described, by means of water. The drug reaches 
Bombay usually in skins weighing 100 lb. or more ; occasionally also in boxes. The quality varies 
much, chiefly in the proportion of exhausted root. On arrival at Bombay, it frequently undergoes 
further adulteration with gum arabic, to effect which, the packages are broken up, the contents are 
moistened, and the added gum arabic is trodden well into the mass by men with naked feet upon 
a mat ; the sophisticated drug is afterwards sewn up again in the skins to appear genuine. According 
to the ‘ Pharmacographia,' this article is called also Abushahiri-Mng, from the fact of it its being 
imported from Abushir (Bunder Bushehr) and Bunder Abbas, on the Persian Gulf. The term 
hira-hing is applied to a Uquid of treacly consistence often found in the centre of the packages of 
Abushahiri-hing, and which is squeezed out, and retailed at a high price. When dried, it becomes 
solid and translucent. 

Kandahari-hing is obtained solely from the leaf-hud in the centre of the root-head of NarOex 
Asafcetida, by wounding with a sharp knife, and is generally mixed with numerous leaf-buds. It 
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reaches Bombay in small quantities, sewn up in goat-sMns, forming little oblong bales, with the 
hair outside. When first received, it is in moist flaky pieces and tears, from which a quantity of 
reddish-yellow oil separates on pressure ; the gnm-resin itself is of dull, reddish-yellow colour, soft 
and elastic, with an odour of garlic and caraway-oil. By keeping, it gradually hardens, becomes 
brittle, assumes a rich red-brown colour, and its odour becomes more alliaceous and like that of the 
commercial aaafoetida. The price of this pure drug is much higher than that of the ordinary. For 
instance, at Kandahar 1 man-i-tabriz (about 3 lb.) of the former sells for 4-7 rupees (of 2s.), while the 
latter brings only 1J-3J. It is very much esteemed by the wealthy people of Central India, and is 
used by them as a condiment and in medicine. The qnantity is very limited, and the article is not 
to be found in general commerce in Bombay. 

ffingra, the asafoetida of European commerce, obtained from the root of Narthex asafcetida, reaches 
Bombay from both Persia and Afghanistan. That produced in the former country, mainly in the 
province of Laristan, and hence known locally as anguze-i-Zari, arrives at Bombay via Afghanistan 
and the Bolan Pass ; it is often in a moist condition when received, containing opaque mUky tears, 
sometimes 1-2 in. long, but soon hardens. The Afghan product, according to Dr. Dymock, goes 
by the Indus route, and generally arrives in a hard, dry condition, very fine samples being not 
uncommon. Only the very poorest classes in India will use this product, which is there ofScinally 
replaced by the much more powerful king, and it is received almost exclusively for re-export to 
Europe. 

The cultivation of all the asafoetida-pelding plants would appear to be a matter of the greatest 
simplicity under suitable conditions of soil and climate, and the subject is one that commends itself 
to the attention of planters in India, Australia, and Africa. The great centre of the trade in 
aaafoetida is Bombay. The Indian imports of the drug from Persia range between 5000 and 7250 
cwt. a year, of which, only about 1800 owt. are re-exported. In 1872-3, Bombay Presidency im- 
ported 535,360 lb. of Amaru from the Persian Gulf, and exported of the same kind, 348,480 lb. to 
foreign porta, and 48,958 lb. to other presidencies. The imports of king in the same year were 
345,072 lb. from the Persian Gulf, 448 lb. from Bengal Presidency, 896 lb. from Madras Presi- 
dency, and 30,688 lb. from Scinde ; the exports of king in the same year were 1218 lb. to foreign 
ports, and 147,349 lb. to other presidencies. The exports of asafoetida from the Persian Gulf ports 
in 1879 were valued as follows; — ^From Bushire, 12,000 rupees (of 2s.) to India ; from Lingah, 7300 
to India, and 300 to Muscat ; from Bahrein, 75 to Koweit, Busrah, and Bagdad. Shanghai 
imported 37| piculs (of 133^ lb.) of asafcetida from Hong Kong in 1879, of which, lOJ piculs were 
re-shipped to Chinese ports. The consumption of the gum-resin in England is comparatively 
trifling, and wholly medicinal (see Drugs, p. 793) ; on the Continent, it is in much more extensive 
pharmaceutical use, and is esteemed as a condiment ; while in the East, including both Hindus and 
Mahomedans, it is much more important as a flavouring for pulse dishes than as physio. 

The approximate London market value of asafoetida is 12-70s. a cwt. for common to fine. 

It is quite possible that other species of Ferula occurring throughout Central Asia might or do 
contribute somewhat to the supply of the gum-resin, but actual information on this point is 
wanting. 

Balata. — The gum known as balata is a product of the bullet- or bully-tree of Central and 
S. Ameri<», Mimusops Balata \_Sapota Miilleri, Achras Balata']. This tree is found very abundantly 
in British, French, and Dutch Guiana, British Honduras, and Brazil, flourishing best on the river- 
banks. As a timber-tree, it was known to the earliest colonists, and its plentifully-secreted sweet 
milk has been used as food by the natives since time immemorial ; but it was only in 1860 that 
experiment was made to introduce the concreted juice as a substitute for indiarubber in European 
industry. The first specimens were obtained from the lowlands of the swampy Canje river, and 
the success attending the experiments soon created a new article of commerce for Canje Creek. 
The supply seems still to be derived mainly &om this locality, where the trees have a diameter of 
6-30 in. and a height of 20-60 ft. to the lowest branches. 

There would appear to be two species or varieties of the tree, one with an oval fruit giving a 
more ruddy milk. In French Guiana, where the tree occurs most numerously in the upper 
Marinoni, it bears the several names balata rouge or franc, balata saignant, balata des Galibis, and 
borome des Arromges. Several other Sapotaceos are said to be called balata in Guiana and the 
Antilles. 

The extraction of the milk is performed in the following manner. The coarse, woody, outer 
bark of the tree is first stripped oflf ; the tree is then “ tapped ” by making a number of incisions 
with a cutlass, usually in an oblique direction, and extending as high up the trunk as the man’s 
arm will reach, gener^ly about 7 ft. Below the wounds, a ring of clay is wrapped around the tree, 
and serves to catch the escaping milk, which is then collected in calabashes or other non-metallic 
vessels. The quantity of milk thus obtained varies from 6 to 30 oz., which, when dried, gives 
|-1 lb. of solid balata. This process is not injurious to the trees, the incisions being filled up by 
new bark in the course of a year or two. A second method of securing the mUk is to out down the 
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tree, and make circular cuts 1 in. broad at about 1 ft. apart throughout the whole length, placing a 
receptacle beneath each. An average tree will thus afford 5J-11 lb. of dry balata, as much as 
45 Ik being sometimes obtained from large trees. The gum is leas coloured in this case, but the 
tree is destroyed. 

The crude gum rapidly hardens on exposure to the air, especially in the shade ; in dry weather, 
2-3 days sufBoe to give the surface the colour and consistence of leather. The slabs are turned 
occasionally till the whole mass is dry, and are then packed in leaves, or moulded into blocks by 
means of hot water. The sp. gr. of clean, dry, solid balata is 1-042. In many of its properties, it 
occupies an intermediate position between indiarubber and guttapercha, possessing the elasticity of 
the one and ductility of the other, without the intractability of the former or the brittleness of the 
latter, thus becoming under certain circumstances more valuable than either for industrial purposes. 
Heated to 49° (120° F.), it softens and may be welded, while it does not melt below 132° (270° F.). 
It is quite soluble in benzol and carbon bisulphide, in the cold ; and in turpentine, chloroform, and 
petroleum, when heated ; but is only partially soluble in anhydrous alcohol and ether. It is not 
acted upon by caustic alkalies, nor by hydrochloric acid ; but is much affected by concentrated 
sulphuric and nitric acids. It vulcanizes readily. It was originally introduced exclusively as 
a manufacturing article, for insulating telegraph wires, and such purposes ; but since it heis become 
familiar in theUnited States, attention has been attracted to its excellent qualities as a masticatory* 
and factories have been established in New York, New England, Ohio, Illinois, and Tennessee, for 
its preparation as a chewing material, the consumption in this way amounting to 50 tons annually. 
Despite the industrial value of balata, its employment is decreasing, mainly owing to the difficulty 
of procuring supplies, by reason of the unhealtbiness of the occupation. Systematic cultivation of 
the tree would greatly obviate this, but has not yet been attempted. Berbice exported 20,000 lb. 
in 1S65. (See Chicle, p. 1639.) 

Balm of Gilead, Mecca Balsam, or Opobalsamum. — The BaUamodendron gileadense 
[Opohalsanmm], a native of Arabia and Abyssinia, possesses a grateful fragrance in every part, due to 
the presence of an oleo-resin, which exudes when incisions are made in the bark. This product was 
regarded with most exaggerated esteem in biblical and classical times, and still has a boundless 
repute in the East, but is almost unknown in European commerce. An aljied or identical balsam 
is afforded by an Indian species, and equally valued. This latter has a syrupy consistence, and 
is limpid and yellow ; it thickens and hardens with age. The pure article is almost completely 
soluble in alcohol, but it is nearly always adulterated with turpentine, olivemil, or wax. According 
to Wiesner, the little balm which reaches Europe is obtained by boiling the twigs of the plant in 
water, and is very much inferior to the article in Oriental use. 

Other Bahamodendron products are described under Bdellium (below) and Myrrh (p. 1674). 

Bdellium.— The myrrh-like gum-resin known as “bdellium” is of three kinds, termed 
respectively Indian, African, and opaque, all afforded by species of Balsamodendron. 

1. Ijidian Bdellium, Googul, or Mukul.—This is a product of two or more species, chiefly B. 
Boxburghii [agallochd] of Silhet and Assam, and B. Mukul of Sind. The former is a very hardy 
plant, and readily propagated by cuttings. The bark is scarified, and the liquid exudation is 
placed in bottles, where it clarifies by age and exposure to the sun. This is by far the less 
important of the two species. B. Mukul is a native of Arabia, and is found on rocky ground 
throughout Sind, at Disa in Marwar, and in Beluchistan. Both the shrub and its gum-resin 
are called googul or guggur by the Hill Beluchis. The gum-resin is collected by them in the cold 
season, by incising the tree with a knife, and allowing the exudation to fall to the ground, by 
which it acquires the dirty, impure state commonly exhibited by that met with in the native shops. 
The yield amounts to J-1 seer (of 2-2 lb.). The best is clear, pure, brilliant, viscous, adhesive, soft, 
yeUow, bitterish, and of fragrant odour. By. age, it increases in bitterness, darkens in colour and 
becomes hard and dry. It is largely soluble in water. It is brought into the bazars of Hyderabad 
and Karachi, where it sells for 2 rupees (4s.) a maund (80 lb). Locally it is used medicinally, both 
for men and horses, but chiefly as incense for burning in the temples, and (in solution) as a 
strengthening ingredient for mortar. The article is sometimes sold for and considered as an 
inferior kind of myrrh. Portions of the birch-like bark of the tree are often found adhering to it. 
A third species that may be mentioned is B. pubescens, inhabiting Belnchistan, and the hills 
separating that province from Sind, probably also Afghanistan, and reaching its S. limit abont 
Karachi. It is caUed bayee by the Hfll Beluchis, but is not availed of by them. In the’cold season 
it exudes a small quantity of a brittle gum, almost completely soluble in water, but devoid 
of odour and flavour, though the young shoots and buds are remarkably fragrant when bruised. 
The imports of bdellium into the Bombay Presidency in 1872-3 were 200 cwt. from the Bed Sea. 
7 from Aden, 70 from the Persian Gulf, aud 426 from Sind ; total, 703 cwt. ' 

The googid of the Coromandel coast U obtained from Boswellia glabra, that of Khandeish from 
BosweUia serrata, 

2. African Bdellium.-'nie African kind is produced by B. [Heudelotia-] africanum, a shrub 
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growing in S. Arabia, Abyssinia, Mozambique, and thronghont the whole of tropical Africa to 
Senegambia. The bulk of the gum-resin comes from Senegal, where its collection is not separately 
conducted, but is performed by the seekers after gum arable, the produce being mixed with 
the latter gum. This does not occur through confusion of the plants yielding the two articles, but 
rather to increase the harvest of gum arable. Classification takes place when the mass reaches 
Bordeaux. African bdellium is hard, translucent in thin layers, red by transmitted light, with a 
bitter flavour, and a slight aromatic odour of black pepper ; its fracture is of dull, slaty hue, the 
margins having a powdery resinous appearance. Triturated with water, it forms an emulsion. 
E. H. Parker states that on standing, it gives a nearly bright mucilage, with a copious brown 
sediment, the mucilage indicating presence of a considerable proportion of gum allied to tragacauth. 
This authority gives the composition of African bdeUinm as — 15 ’4 per cent, soluble in alcohol 
(by difference), 33-2 gum soluble in water, 37‘8 gum insoluble in water, 13-6 moisture. Other 
analyses differ extremely. There are no statistics concerning the trade in African bdellium. It 
appears to be employed only in Continental pharmacy. 

3. Opaque Bdellium. — This is attributed by Parker to B. Blayfairii, which is stated by Hanbury 
to produce hotai gum, a whiter and more brittle substance, used by the Arabs for washing their hair. 
It is a very hard, ochre-yellow coloured, opaque gum-resin, with but slight odour, and a bitter 
flavour. The tears of this substance frequently have portions of papery bark attached to their 
surface. Triturated with water, it forma a very good cream-coloured emulsion. Cold absolute 
alcohol dissolves about 50 per cent. ; a considerable portion of the residue resembles bassorine. 
The composition is given as — 47 '42 per cent, soluble in alcohol (by difference), 30 '01 gum soluble 
in water, 11-07 gum insoluble in water, 11-50 water. It occurs among the “spurious gums” 
imported with myrrh. 

Other Baharnodendron products are described under B..lm of Gilead and Myrrh (pp. 1036, 1674). 

Benzoin or Benjamin (Fa., Benjoin ; Gee., Benzee ). — ^The English commercial name of this 
resin, “ benjamin,” is a vulgar corruption of “ benzoin,” itself derived from the corrupted form 
banjawi of the old Arabic name lubdn jdwi, or “ Java frankincense.” The form “ benzoin ” is-like- 
wise applied to a product (Ci 4 H,jOj) of the treatment of bitter-almond-oU with alcoholic solution 
of potash. 

The resin benzoin is obtained partly from Styrax Benzoin, a free indigenous to or introduced 
into Sumatra, Java, Borneo, Siam, and Cochin China. There are reasons for supposing that 
8. subdenticulata, of W. Sumatra, and S. Finlaysoniana contribute somewhat to the several qualities 
of the resin, but nothing definite is known on the subject. Almost equal ignorance prevails 
as to the distribution of the benzoin-yielding tree or trees. Crawfurd’s statement that benzoin is 
collected on the N. coast of Borneo, in the Brunei district, is negatived by its absence from all 
official returns of the trade of the island. The only two countries which can with certainty be said 
to afford the resin are Sumatra and Siam. 

The tree yielding Sumatra benzoin, called kaminian by the Malays, is found in the K. and E. 
portions of the island, especially in the Batta country, north of the equator, but not in the Achiuese 
territory immediately beyond. It is also met with in some abundance in the highlands of Palem- 
bang, in the south, where its product is likewise collected, though said by Marsden to be in small 
quantity, and of dark and inferior quality. The resin brought from the interior is mostly from wild 
trees, growing on the mountain spurs at 300-1000 ft. But in the coast regions, considerable care 
and attention are devoted to the cultivation of the tree, in regular plantations, or on the edges of 
the rioe-flelds. The trees are raised from seed, and grow rapidly. The seedlings are kept clear of 
other plants, and generally attain a diameter of 6-8 in. at the 7th year. The first incisions (longi- 
tudinal or oblique) are now made in the bark, whence exudes a thick, whitish, resinous juice, 
which soon concretes in the air, and may be scraped off. The best product, locally termed “ head,” 
is that which is obtained from the incisions of the first 3 years ; it contains more of the yellowish- 
white tears, and is softer and more fragrant. During the next 7-9 years, the exudation becomes 
more reddish-yellow or brown, and is known as “belly” or 2nds. The yield averages 3 lb. 
annually. Finally, the exhausted tree is cut down, split in pieces, and scraped to afford the 3rd 
quality, or “ foot,” which is dark-coloured, hard, and mixed with much wood-parings and other 
impurities. The product is carried down to the ports in large cakes {tampanys) covered with 
matting. It there undergoes preparation for market. According to Marsden, the “ head” or Ists 
is divided into “ Europe” and “ India,” the former only coming into Western commerce, while the 
latter, with the “ beUy ” and “ foot ” (2nds and 3rd3), goes to Arabia, Persia, India, and Malaysia, to 
be burnt as an incense in temples and as a deodorizer in dwellings. The “ Europe-head ” is 
softened for packing in cubical, wooden chests, sun-heat sufficing for the finer grades, while boihug 
water effects the same purpose with the coarser qualities. 

Less is known regarding the origin and production of Siam benzoin. Its distinct dissimilarity 
from the Sumatra article would infer its derivation frrom another species of Styrax, but botanists are 
ignorant of the facts. The distribution of the plant is also a matter of great uncertainty. Moore 
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states that it is fonnd only in the N. proTinees of Siam, and in Laos. A IVench expedition in 
1866-8 reported the production of the resin in the cassia-yielding forests on the E. bank of the 
Mekong river, N. lat. 19°. Some of the Siam benzoin is obtained by gashing the bark all over, 
and leaving the exuding resin to collect and harden between the bark and the wood, the former 
being then stripped off; but all is not thus procured. The product is conveyed in small baskets on 
bullock-back to the Menam river, and thus floated down to Bangkok, where it is packed in cubical 
boxes exactly like the Siunatra kind. It is said to be exclusively of the “ head ” quality. 

The benzoin received into British commerce is primarily distinguished as “ Siam ” and 
“ Sumatra,” each sort exhibiting variety of purity and appearance. The best of the former 
consists of an agglutinated mass of flattened, opaqne, milk-like tears of white resin ; oftener it 
reveals white, almond -like fragments embedded in an amber-brown translucent matrix, and the 
white tears are occasionally very minute, or almost altogether wanting. These latter have a 
stratified structure, including translucent layers. The mass is brittle, with a vanilla-like odour, 
but little flavour, and is readily softened by heat [fusing-point, 75° (167° F.)]. The Sumatra 
article has a generally greyer tint than the Siam, but when good, exhibits many opaque tears in a 
translucent greyish-brown body, the tears diminishing as the quality declines. The odour is less 
powerful and pleasant than that of the preceding. The tears melt at 85° (185° F.) ; the greyish- 
brown mass, at 95° (203° F.). Both kinds contain an admixture of fragments of wood, bark, 
and other foreign matters. There also appears in the London market at intervals a variety of 
benzoin, locally distinguished as “ Penang or storax-smelling benjamin,” having a highly fragrant 
odour, quite distinct from the ordinary kinds. The source of this is a matter of obscurity. 

The chief mart for benzoin is Singapore. The imports here in 1871 were 6185 cwt. from 
Sumatra, and 405 cwt. from Siam ; the exports in 1877 were only 1871 piculs (2227 cwt.). Penang, 
in 1871, received 4959 cwt. from Sumatra for re-export. Padang (Sumatra) expoited iZOi piculs 
(5122 cwt.) in 1870, and 4064 pictUs (4838 cwt.) in 1871. Bombay imported 4902 cwt. from the 
Straits Settlements in 1872-3 ; the exports in the same year were 1903 cwt. to the United 
Kin gdom, 198 to the Persian Glulf, 134 to Afr ican coast, 37 to Aden, 26 to the Bed Sea, and minor 
quantities to Turkey, Mekran, France, &o. 

The principal application of the resin is in perfumery and as an incense for church use (see 
Perfumes). Lesser quantities of it are used in various compositions to prevent rancidity in fats ; 
it is also the source of benzoic acid, employed in perfumery and medicine, and is an ingredient of 
black sticking-plaister, and the base of Friars’-balsam. The approximate London market values 
of benzoin are as follows Siam, 2nd and 1st, 10-7W. a cwt. ; Sumatra, 2nd and 1st, 5-15/.; 3rd, 
2/.-4/. 15s. 

Other products which may be mentioned here are the aromatic resins afforded by TermincUia 
Benzoin in India, and by T. mauritiana in Mauritius. The former is esteemed as a cosmetic, and the 
latter as incense, but neither appears in commerce beyond the immediate neighbourhood of the 
locality producing it. Probably some misapprehension underlies the statement that benzoin, 
obtained from Styrax Benzoin, has recently been sent in some quantity from the Brazilian province 
of Bahia. 

Cadjii or Cashew (Fb., Gomme d’ acajou •, Gbb., Anacardium-gummi '). — This gum is obtained 
by wounding the trunk and branches of Ajiacardium occidentale, the tree affording cashew-nuts (see 
Nuts, p. 1352), and two kinds of oil (see Oils, p. 1379). The gum is collected in Martinique, 
Guadaloupe, Brazil, India, and Burma. In India, the incisions are made while the sap is rising. 
The gum usually occurs in elongated stalactitic pieces, or cylindrical tears, varying in colour 
from dirty-white to dirty-brown, the S. American being mostly topaz-yellow to brownish-red. 
It is sub-astringent, and highly unpalatable to insects. It consists principally of arabine and 
dextrine, both soluble in water, with a minor insoluble portion, probably bassorine. It forms a 
strong, yellowish mucilage with water. In S. America, it is largely used by book-binders; it is 
occasionally imported from that continent into this country, and possesses the same commercial 
value as the common and inferior sorts of Arabic and Senegal gums (see pp. 1630-1). 

Camphor. — See Camphor, pp. 571-8. 

Canada Balsam. — See Turpentine — Canadian, p. 1686. 

Chagual or Magpiey. — This gum is afforded by one or more S. American species of Puya 
\Pourretia'\ ; P. coarctata of Chih, and P. lanuginosa of Peru, have been more particularly indicated 
as its sources. The exudation is said to be caused by punctures from a caterpillar (^Castnia elegans), 
the gum hardening on the stem, and occurring in commerce in cylindrical pieces, whose inner 
surface generally exhibits fragments of parenchyma, and whose size implies a diameter of 
f-l^ in. in the stems on which the gum has concreted. The fracture of the gum is conchoidal ; its 
colour, topaz-yellow ; its hardness, about the same as gum arable ; its tenacity, somewhat less than 
tragacanth ; its density, when air-dry, 1*866. It is exceedingly rich in bassorine, only about 16 per 
cent, of it being soluble in water. 

Cherry (Fb., Gomme du pays ; Geb., Kirschgummi). — “ Cherry-gum ” is a term applied very 
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indefinitely to the gummy exudations of cherry, plum, apricot, almond, and other trees, included in 
the genera Prunus, Cerasus, and Amygdalua. The secretion of tlie gum takes place in the wood of 
these trees, as well as in the bark. The masses of this gum are usually sub-globular or reniform, 
and often of considerable size. The fracture is conchoidal and strongly lustrous ; the colour ranges 
from pale-yellow to brown, the plum-gum being generally light while the cherry-gum is darker ; 
the gum is brittle, but less easily pulverized than the .dcacw-gums ; its flavour varies from sweet to 
astringent, but is always insipid. The solubility in water is not complete in any variety. The 
peach and almond kinds are least soluble, containing but little arabine ; cherry contains about 52 
per cent, arabine, and 35 cerasine. There gums are not commercial articles in England, nor in 
Germany of late years, but continue to have some importance in French industry, those mostly 
employed being from cherry and plum trees. 

Chicle, Mexican Gum, or Sapota. — ^Much uncertainty surrounds this product. It has 
been known in America for some time, and extensively used as a masticatory, in the same 
manner as balata (see p. 1635), which it closely resembles, if, indeed, it be not identical in origin. All 
botanists are agreed in referring it to a Safsotaceous plant, some to Mimusops Balata itself. The 
country of its production is Mexico. The differences which it exhibits in comparison with balata 
may easily prove to be exclusively due to the mode of preparation for market. Analyses by 
Prochazka and Endemann (see Bibliography, p. 1695) gave ; — 75 per cent, resin, 10 arabine, 
9 oxalate of lime, 5 sugar, 0 • 5 soluble inorganic salts ; this indicates it to be a product simply 
of direct evaporation of the milk of the plant. 

Chironji. — The common Indian tree Buchanania latifolia, whose fruits afford an oil (see Oils, 
p. 1383), yields a considerable quantity of an arabic-like gum, 5 lb. being obtainable from good 
specimens. It is but little availed of, though the reports of experts place it in the same category 
with inferior Acocia-gums, and consider it capable of replacing these in the dressing of textiles. It 
is mostly soluble in water, forming a colourless mucilage equal in strength to ordinary commercial 
gum arabic ; but it also contains some insoluble bassorine. 

The cut bark of the tree is likewise said to afford a natural varnish. 

Coco-nut (Fb., Gomme de Coco ; Gee., Cocosgummi). — From the bark of the coco-nut-palm, so 
well known for its fruit (see Nuts, pp. 1353-7) and for its oil (see Oils, pp. 1383-4), is obtained a 
gum termed haan tapan by the natives of Tahiti. It forms stalactitio masses, of red-brown to 
hyacinth-red colour, translucent to transparent, sp. gr. !• 45-1 ’57, of arabio-hke hardness, and 
tragacanth-like teuacity, and containing 70-90 per cent, of bassorine. 

Colophony,— See Rosin, p. 1680. 

Copaiba, Copaiva, or Capivi (Fe., Baume ou tSleoresine de Copahu ; Gee., Copaivdbalsam ). — 
This balsam or oleo-resin is afforded by several forest trees belonging to the genus Copaifera growing 
in the warm portions of S. America, in Central America, and in the W. Indies. No information 
exists as to the relative degrees in which the various species contribute to the commercial supplies 
of the balsam, but the following are accredited with its production:— (1) C. officinalis [Jacjtiini], in 
the hot coast region of New Granada (Colombia) as far north as Panama, in Venezuela, and in 
Trinidad Island; (2) C. guianensis [bijnga'], in French and Dutch Guiana, and on the Rio Negro 
between Manaos and Barcellos; (3) C. coriacea [cordifolia], in the dry woods (caatingas') of the 
Brazilian provinces of Bahia and Piauhy ; (4) C. Langsdorffii \nitida, Sellowii, Jussieui, glabra, laxo], 
growing as a tree on dry campos, caatingas, and other places in the Brazilian provinces of S. Paulo, 
Minas Geraes, Goyaz, Mato Grosso, Bahia, and Ceara, and jieldiiig an abundance of balsam; 
(5) C. multijuga, specially producing the Para balsam. In all these trees, resiniferous ducts, some- 
times above 1 in. diam., ti averse the whole stem, and occasionally become so distended with the 
balsam as to burst the tree asunder. Karsten attributes the origin of the balsam to a transforma- 
tion of the cell-walls in the parenchyma surrounding the ducts. 

The process of collecting the copaiba blanca or “ white copaiba ” of Para is described at length 
by Robert Cross. Formerly the tree might be seen growing in readily-aocessible places, but it has 
now become comparatively rare, so that the collectors require to make journeys of several weeks in 
canoes up the Am^on tributaries, and suffer great hardship in the undertaking. The trees occur 
in the dense, lofty forest, on an extremely fertile soil, composed of soft white sand and vegetable 
mould, undulating, and watered by streams, but some 50 ft. above the level of the gapos or tidal 
floods. A successful copaiba-tree tapper must be a skilful axeman. A cavity is cut iu the trunk, 
not much broader than the axe, but large enough to enable the workman to vary the course to the 
heart of the tree in such a way as not to miss the “ vein ” or channel, usually met with near the 
centre, fi om which the balsam flows. The floor of the cavity is neatly cut with a gentle upward 
slope, and should also decline to one side, so that the issuing balsam may run in a body till it 
reaches the outer edge. Below the cavity, a pointed piece of bark is cut and raised, which, 
enveloped with a leaf, serves as a spout for conveying the balsam from the tree to a tin vessel, as 
shown in Pig. 1170. The cavity is cut at about 2 ft. from the ground. The first 4-5 in. of the 
wood is white, after which> it changes to a purplish-red throughout the whole interior. “When 
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abundant, the balsam flows out in a stream, full of hundreds of little, white, pearly bubbles. At 
times, the flow stops during several minutes, when a singular gurgling noise is made, and a fresh 
rush of balsam takes place. At the height of the exudation, the rate cannot be less than 1 pint a 
minute. The chips and the surfaces of the cavity are bedewed with drops of balsam, allowing its 
existence throughout the wood ; the bark is quite devoid of it. Though balsam escapes from the 
trunk even for a month after the tapping, the 
usual plan is n. t to let the receptacle remain 
for more than 2-3 hours. Occasionally largo 
trees afford no balsam, the cause of which has 
not been ascertained. Trees in good condition 
will sometimes give 4 potos (lOJ gal.) of balsam, 
and a collector with plenty of tin receptacles 
where trees are abundant may collect 51. worth 
daily. The receptacles employed are of almost 
all descriptions, empty petroleum-cans being 
preferred. 

The balsam is gathered by the Indians (sn 
the banks of the Orinoco and its upper affluents, 
and taken to Ciudad Bolivar (Angostura) for shipment, some of this balsam reaching Europe by 
way of Trinidad. It is more largely obtained on the tributaries of the Caisquiari and Bio Negro 
(the Siapa, Iqanna, Uaupes), and the N. influents of the Amazon (the Trombetas and Nhamunda), 
and is sent down to Para. In S. Venezuela, the balsam is known as aceite de palo (“ wood-oil ”), 
the term hahamo being reserved for “sassafras-oil” from Nectandra sp. The balsam exported from 
Maracaibo is produced by C. officinalis, the eanime of the natives. The exportation of the balsam 
takes place chiefly from Para, Maranhara, Rio de Janeiro, Demerara, Ciudad Bolivar, Trinidad, 
Maracaibo, Sa vanilla, and Cartagena. In 1875, the shipments from Savanilla were 10,150 kilo., 
from Para, 65,243 kilo., and from Ciudad Bolivar, 99,800 lb. ; the exports to New York from Ciudad 
Bolivar were 4165 lb. in 1878, and 1378J lb. in 1879. Maracaibo, in 1880, exported 15,758 gaL, 
7474^ dol. (of 4s. 2d.). The balsam often reaches England by way of New York and Havre. 

The balsams from Para, Maranham, Maracaibo, and the W. Indies are considered distinct, and 
are readily distinguished by experienced dealers. The first is of much less firm consistence than 
the second and third, and the W. Indian is opalescent, and usually deemed inferior, though pro- 
bably on insufficient grounds. These ditferences are ascribed to variety of origin, and to oxidation 
and the loss of volatile constituents by exposure. The general characteristics of copaiba balsam are 
a more or less viscous fluid ; of pale-yellow to light golden-brown colour ; peculiar, aromatic, not 
unpleasant odour ; persistent, acrid, bitter flavour ; commonly transparent, sometimes opalescent ; 
consisting of a resin held in solution by an essential oil, the latter forming 30-80 per cent. ; of 
sp. gr. 0'940-0'993, according to the proportion of the oil; and mostly soluble in all proportions 
in absolute alcohol, acetone, and carbon bisulphide, in an equal volume of benzol, and in several 
volumes of alcohol at 0 • 830 sp. gr. 

The balsam is very largely adulterated with castor-oil, turpentine, and other fixed and volatile 
oils, to which it readily lends itself by its inconstant character ; it is extensively replaced by 
gurjuu balsam here, and by the oleo-resin of Bardwickia pinnata in India, which are equally 
etfective drugs. No reliable general test has yet been discovered for copaiba ; but a few special 
tests may be mentioned. Treatment of the suspected mass with 1-4 parts petroleum-benzine will 
give dense floccules with 4 parts of turpentine present ; and treatment with 10-12 parts of the ben- 
zine will cause a separation of even 10 per cent, of castor-oil. Most volatile oils would be detected 
by their ready solution in alcohol. A distinguishing test for copaiba, gurjun, and Bardwickia is : — 
Shake up 1 drop of the balsam with 19 of carbon bisulphide, add 1 drop of nitro-sulphnric acid 
(equal parts concentrated), and agitate: copaiba shows faint reddish-brown, with deposit of 
resin on the sides of the tube ; gurjun, intense purplish-red, soon becoming violet ; Bardwickia, no 
alteration from its pale greenish-yellow. This test will reveal 12J per cent, of gurjun in copaiba. 

The uses of copaiba are essentially medicinal (see Drugs, p. 809). 

The cultivation of copaiba trees in India is advocated by Cross, who brought seeds from 
Brazil with that object. The site should be the best dry loam, suitable for cane or coffee ; wet 
land is quite unfitted. The climate should be such as that enjoyed by the Para indiambber, 
with which it is often naturally associated. Returns from the cultivation would be realized in 
about the same time as from oak plantations ; a few hundred trees on an estate would much 
enhance its value. 

See also Gurjun, p. 1651 ; Hardwickia, p. 1654. 

Copal and A niTni (Fa., Copal, Anime ; Geb., Kopalharz, Flassharz, Animegummi). — The term 
“copal” is frequently used in a generic sense, embracing a number of resins of widely different 
origin. It will here be restricted to the fossil and recent copals of continental and insular Africa ; 
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for the other kinds, readers are referred to their distinct headings — Dammar, Jutahy-seca, Kauri, 
and Piney. 

The resin known as Bombay, E. Indian, or Zanzibar copal or animi, is a product of E. Africa, 
chiefly the neighbourhood of Zanzibar. It is of two kinds, fossil and recent. The exact genus and 
species of the tree yielding the former must remain a matter of doubt ; the latter is attributed to 
2’rachylobium mossambicense [^ffomemannianuai], a tree which is sometimes grouped with the very 
closely allied ffymenrea spp., one or more of which yields a similar product in S. America (see Jutahy- 
seca). According to Burton, the copal-tree is called shajar el sandarus by the Arabs, msandarusi by 
the Wasawahili, and mndngu by the Wazaramo and other maritime races. It still lingers on the 
island and mainland of Zanzibar, and was observed by him at Monibosa, Saadani, Muhonyera, and 
Mzegero of Uzamaro, and was heard of at Bagarmoyo, Mbuamaji, and Kilwa. The tree is said to 
be abundant in the woods adjoining the inner side of the wilderness in Usambara. It grows 
throughout the Uzamaro (W azamaro) country much further south, and is by no means confined to 
the sea-coast, but is even more abundant inland beyond the first coast-ridge. It ceases towards 
the interior as soon as the limestone formation makes its appearance. 

The present limits of the distribution of living copaliferous trees by no means prescribe the area 
of the extinct forests which have been the source of the fossil copal. This is “ crowed ” or dug up 
by the coast clans and the barbarians of the maritime region. In places, it is found when sinking 
piles for huts ; and at times, it is picked up in spots overflowed by the high tides. Burton says 
that the E. African seaboard, from Ras Gomani in S. lat. 3° to Ras Delgado in 10° II', with a medium 
depth of 30 miles, may be called the “ copal coast,” every part contributing more or less to the 
commercial supply. He affirms that even a section of this line, from the mouth of the Pangani 
River to Ngao (Mongbou), would, if properly exploited, suffice for all needs. The fossil resin is a 
great staple of the district traversed by the newly-made road from Dar-es-Sulaam, through the 
Wazamaro country. It exists, even in the richest diggings, only in patches, as though it had been 
produced by isolated trees. The natives work it nowhere systematically; they sink numerous 
test-holes and work those only which alight immediately upon the resin, abandoning many where 
diligent search would probably be remunerative. The resin usually occurs in red sandy soil ; 
according to the Arabs, the redder the soU the better is the copal. The surface of the copal ground 
is generally a thin coat of white sand, covering a dark, fertile humus, the vestiges of decayed 
vegetation, varying from a few in. to li ft. in depth. In Zanzibar Island, the subsoil is a stiff blue 
clay ; here the copal is found in the vegetable soil overlying the clay. At Saadani, the pits are 
about 3 ft. deep in humus and red sandy earth ; the product is not esteemed, despite the redness of 
the soil. 

The resin is called sandarus by the Arabs and Hindus, sandanisi by the Wasawahili, and wesi 
by the Wanyam. It is distinguished as of two kinds by the Arabs and Africans. The new, recent, 
“tree,” or “ raw” copal (Fa., Copal vert) is called sandarusiza miti, or more generally chakari, com- 
monly corrupted to “jackass.” This is either picked from the tree, or is found, as in Zanzibar 
Island, embedded at a shallow depth in the loose soil, where it has not remained long enough to 
undergo any change. The living trees are of large size, averaging 20-25 ft. to the first branches, 
and 3-5 ft. in girth. The trunk is dotted with exudations of the raw resin, and, between the bark 
and the wood, are frequent secretions of the resin in a liquid form. Wherever an injury has been 
inflicted on the tree, there an accumulation of resin will be found ; when the exudation is large, it 
falls off and becomes covered by the dusty soil. All parts of the tree are impregnated with the 
resin, even extending to the fruit-pods, which contain numerous little warts or verrucosities of clear, 
colourless resin, covered by a thin epidermis. The chakazi copal is a soft mass, of smoky appearance 
and low value. It is sent to Bombay for the Indian and Chinese markets, where it is used for 
making an inferior varnish. 

The true or “ ripe ” copal, the sandarusi proper, is exclusively fossil. Dr. Kirk attributes it to the 
same species as now afford chakazi. It is certainly of vegetable origin. The regular and persistent 
indentations and elevations of the surface, to which the term “ goose-skin ” has been applied, have 
led to the supposition that the resin escaped in a liquid or semi-liquid state, and took impressions 
from the sand in which it was deposited. This view is doubly erroneous. The impressions are due, 
not to sand, but to the structure of the cellular tissue of the tree ; and their occurrence is accounted 
for by the fact that the secretion of the resin increases with the decay of the tree, and is much 
hastened by the attacks of ants and other destructive influences, thus it is chiefly formed in masses 
within the tree itself, and naturally takes impressions from the tissue of the surrounding wood. 
This occurs with the existing trees. After the complete decay and destruction of the trees, the 
imperishable lumps of resin have become buried in the sands which have encroached upon the 
fertile soil formerly occupied by the forest. The fossil resin when first dug up has no trace of the 
goose-skin upon it. It is hidden by the outer layer of the resin, which has undergone oxidation or 
some molecular change during its loi^ burial ; on removing this outer layer by an alkaline solution 
and sun-drying, the goose-skin becomes apparent. 
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The native method of collecting the fossil lesin is to “ crow ” a hole about 6 in. diam. with a 
pointed stick, and scrape out the loosened earth by the hand as far as the arm will reach. Each 
man could easily gather 10-12 lb. daily, but the average is about 1 lb. The diggiug is carried on 
only during the kossi, or rainy monsoou ; during the dry season, the hardness of the ground is too 
great for the native implements to cope with, and the resin is said to be at that time very brittle 
and covered with sand. The collectors do not hesitate to add much of the inferior chakazi to the 
sandarusi when opportunity arises. The copal gathered in Zanzibar Island is entirely chakazi. 
That of Saadani is dull-white, and considered little better than chakazi. That obtained on the line 
inland from Bagamoyo and Kaole, as far as Mubonyera, though not first-rate, is much superior to 
that from about Saadani. Good copal is dug in the vicinity of Mbuamaji, and the diggings are 
said to extend for six marches inland. The Wadenkereko, a wild tribe mixed with and stretching 
S. of the Wazaramo, at two days’ journey from the sea, supply a mixed quality, oftener white than 
red ; the best is procured from Hunda and the adjacent districts. The banks of the Kufiji Eiver, 
especially the N. district of Wande, supply the finest and best copal; it is dug by the Wawande 
tribe, who either carry it to Kikunya and other ports, or sell it to travelling hucksters. In the 
vicinity of Kilwa, 4 marches inland, copal is dug by the Mandandu and other tribes. The produce 
of Ngao (Monghou) and the Lindi creek is much cheaper than that of Kilwa, being of variable 
quality, mostly a dull-white chakazi. The island of Madagascar is said to produce both chakazi and 
sandarusi identical with those of the mainland ; but little is known of the method of collecting, or of 
the precise quality. The species is called T. verrucosum. 

At the end of the rainy season, the copal is usually carried ungarbled to Zanzibar. Hence, after 
being sifted and freed from foreign matters, it is sent by the Banyan rttailer to the Indian market, 
or sold to the foreign merchant. It is usual also to effect the “ cleaning ” here, though this is also 
done at Bombay, in some European ports, and notably at Salem, in Massachusetts. It is performed 
in the following manner : — The resin is first washed in a dilute alkaline ley, by which it loses some 
20-37 per cent, of its bulk ; it is then sun-dried for some hours, and subjected to a brushing suffi- 
ciently hard to remove the outer coat, but not to injure the goose-skin. The dark “eyes ’’ where 
the dirt has sunk deep are picked out by an iron tool. The next step is garbling, which is done 
with careful regard to colour and size, and requires great experience. As a rule, the clear and 
semi-transparent pieces are the best ; then follow the numerous and almost imperceptible grades of 
dull-white, lemon-yellow, amber-yellow, rhubarb-yellow, bright-red, dull-red, blackish, and grass- 
green. In size, the pieces vary from that of small pebbles to 2-3 oz. ; they have been known to 
weigh 5 and even 35 lb. Finally, the gum is put into boxes for export. The dust, of which 
perhaps 30 lb. daily is brushed off by each workman, is termed “ sand,” and cast away as of no 
value ; it is probably genuine resin, and of some worth. 

The commerce in E. A&ioan copal is extensive. Zanzibar exports some 800,000-1,200,000 lb. 
annually, of which, 150,000 lb. goes to Hamburg, and about 2 lacs’ (say 20,000i.) worth to Bombay. 
The Bombay imports in 1872-3 were 966 cwt. from the African coast ; the exports were 312 cwt. to 
the United Kingdom, besides 48 cwt. chiefly to the Persian Gulf, Straits Settlements, and China, 
and 211 cwt. to the other presidencies of India. The exports of copal in British ships from the E. 
coast of Madagascar in 1872 were valued at 34661. 

On the W. coast of Africa, which is stUl richer in copal than the S.-E. coast, this resin is dug 
over a coast length exceeding 700 geogr. miles, between lats. 8° N. and 14° S. The copal is here 
found in a superficial stratum of marl, sand, and clay, at a depth varying up to 10 ft. The most 
important copal districts of W. Africa are Sierra Leone (N. part), Accra, Benin, Gaboon, Loango, 
Congo, Angola, and Benguela (S. part). Of the Angola proiluct, Monteiro says that it comes 
almost entirely from the Mossulo country, though it exists further north, as at Mangue Grande. 

The botanical sources of W. African copal are scarcely determined with certainty. Daniell 
attributes the Sierra Leone article to Guibourtia copallifera, and perhaps some other species ; but 
Welwitsch is unable to state positively the origin of the copal of Angola and Benguela. The W. 
African copal, like that of the S.-E. coast, occurs as a recent fossil. Its existence in the most recent 
formations, and the water-rolled form of the fragments of Sierra Leone copal found between the 
rivers Pougas and Malaenzi, render it probable that the trees which afforded, and perhaps still 
afford, copal do not belong to the coast flora, but to the interior, whence the resin has been tians- 
ported by the rains and rivers. Monteiro says that, according to native accounts, the Angola copal 
is found below the surface of a highly ferruginous hard clay, at a depth of a few in. to 2 ft. ; it 
probably extends much deeper, but the natives are too lazy to look for it. It is dug for during and 
after the last and heaviest rains, in March-May, no trees and but little grass growing above the 
spots where it is sought for. The resin is collected by the negroes, who at the same time gather 
dye-plants and gums, with the latter of which, no small quantity of copal is surreptitiously mixed. 
The copals of the Gaboon and Loango figure chiefly in French commerce ; the large masses fiom 
Angola, Benguela, and the Congo go principally to N. America, and in minor quantities to Lisbon 
and other European ports. The total exports are estimated at about 2 million lb. annually. 
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The copala of N. and S. Guinea exhibit very distinct differences. Those of the former are 
divided into 2 kinds, known as “ young and pebble copals of Sierra Leone.” To the latter, belong 
the copals of Angola, Benguela, and the Congo. These three are so much alike that they are 
always placed together, and are known simply as “ Angola.” The copals of Gaboon and Loango 
are quite distinct again. 

The “ young copal of Sierra Leone ” is said by Daniell to be derived from the living stems of 
Guihourtia copalUfera. It consists of globular or tear-like pieces ^-1 in. diam., sp. gr. 1 • 06, of about 
the same hardness as S. American copal (Jutahy-seca), and of similar commercial value. It is 
consumed chiefly in England. 

The “ pebble copal of Sierra Leone ” is in small pebbles |-1 in. diam., colourless or white to 
yellowish, homogeneous, translucent to transparent, with rough exterior, and occasionally covered 
with an opaque crust of the thickness of paper. It is quite odourless and flavourless, is the hardest 
of all the W. African copals, and has a sp. gr. of 1‘09. 

Gaboon copal occurs in round, flattened pieces in. diam. ; the surface is mostly smooth, 
but is sometimes covered with a crust of branchy striations. The grains are wine-yellow, less 
transparent and less homogeneous than the foregoing kind ; their sp. gr. is 1 • 073. The fracture is 
conclioidal to splintery, and of glassy lustre when fresh. The scratch-line on newly fractured 
surfaces is smooth ; on older surfaces, splintery. 

Loango copal occurs in broken sticks whose natural length must amount to several spans. Ac- 
cording to the colour, two kinds are distinguished, a white and a red. The former consists of 
colourless or white to yellowish grains ; the latter, of reddish or brownish grains or fragments. The 
red copal of Loango is preferred to the white, on account of superior hardness, transparency, and 
homogeneity. Its sp. gr. is 1'06I. The fracture is conchoidal and glistening, and the scratch-line 
is free from splinter. The powder does not adhere to the teetli. 

Angola copal forms globular, rarely flattened pieces. Tlie former are l-2f in. diam., while 
occasionally lumps as large as a child’s head, and weighing 3-4 lb., are unearthed. The natural 
pieces are coated with an eai thy, dirty-white to brown crust, which is often facetted like the surface 
of Zanzibar copal. But the excrescences on Angola copal are much larger than on any E. African 
copal, their length reaching 0" 15-0 '45 in. Homogeneous pieces are rare. The grains and sticks 
are mostly cracked, penetrated by air-bubbles, and contain fragments of bark. This copal is partly 
colourless, partly yellowish, reddish, or brownish. The colourless or slightly coloured are dull ; the 
strongly coloured are bright, transparent, and homogeneous. The latter have consequently a higher 
price. On fresh surfaces, the scratch-line is smooth ; on older, somewhat splintery. The sp. gr. lies 
between 1'062 and 1-081. 

Hatschett states that some copal is soluble in hot alkaline leys, but Filhol says that E. Indian 
(which may be Zanzibar or Manilla) is not soluble even after some hours. According to Berzelius, 
several copals are soluble in spirit of wine on the addition of camphor. Cloez says that copal (kind 
not specified) is largely soluble in chloroform, slightly in absolute alcohol. Draper names cajuput- 
oil as a good solvent. Copal (kind not stated) is insoluble in linseed-oil, but soluble in castor-oil, 
the solution mixing with spirit of wine, but, sepsurating on standing. Violette states that Calcutta 
copal is soluble in linseed- and turpentine-oils, when previously heated at 350°-400° (662°-752° F.) 
in a closed vessel, and that the solution gives a fine varnisb. Filhol remarks that the proportion of 
carbon diminishes in powdered copals by long keeping, and that such then become completely 
soluble in alcohol, ether, and turpentine-oil. (See also Varnish.) 

The hardness of the copals is one of their most characteristic features, and its degree is the 
principal consideration in estimating their commercial value, increasing in the same proportion. 
All copals are scratched by calc-spar ; but all, with the exception of the S. American (Jutahy-seca) 
scratch talc. The hardest copals are those whose hardness lies between that of crystallized copper 
sulphate and rock-salt, softer than the latter, harder than the former ; to these, belong Zanzibar and 
Mozambique copals. The hardness of the copals of Sierra Leone, Gaboon, and Angola resembles 
that of rock-salt. Softer are those of Benguela, New Zealand (Kauri), and Manilla (Dammar), 
while softest of all is S. American (Jutahy-seca). The sp. gr. of the copals varies considerabl}’’, 
according to the amount of air inclosed in the cavities. This variation is shown in the annexed 
table ; — 



Sp. gr. before i 
Exb^austiug. 

Sp. gr. after ; 

Exhausting. ' 

Difference. 

Zanzibar copal 

1-067 

1-068 1 

0-001 

Angola „ 

1-064 

1-081 ! 

1-017 

Brazilian „ (Jutahy-seca) 

1-018 

1-082 : 

0-064 

Australian „ (Kauri) 

1-050 

1-115 i 

0-065 

Manilla ,, (Dammar) 

1-062 

1-121 

0-059 
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It thus appears that the sp. gr. of a copal is in inverse proportion to its value ; and that while 
the soft inferior copals contain much air, the hard valuable ones have less. 

The London market values of the copals are approximately as follows : — Zanzibar (called 
“animi”); fine washed, 14-231. a owt.j good, 12-19/.; sorts and small, 9-16/.; pickings, &o., 
4-12/. Copal : Angola, red, 3-7/. a cwt. ; Bengnela, Sl.-Sl. 10s. ; Sierra Leone, T^-lOd. a lb. 

For the other so-caUed copals, see as follows: — Dammar, p. 1644; Piney, p. 1678; Jutahy- 
seca, p. 1666 ; Kauri, p. 1666. 

Dammax, Damar, or Dammer (Fa., Dammar ; Geb., Dammar'). — The name “ dammar ” is 
applied generically to a number of resins having similar properties, and distinguished by specific 
prefixes. They will be described here in the following order : — (1) Dammar proper, or E. Indian 
dammar ; (2) Sal dammar ; (3) Black dammar ; (4) Kock dammar. 

1. E. Indian Dammar. — ^This product, which is also known as “ Singapore ” or “ white ” dammar, 
is obtained from the gigantic Amhoyna pine {Dammara orientalis), a native of Malacca, Borneo, Java, 
Sumatra, and the Moluccas, growing in the hilly country, and also cultivated to some extent in 
Java. The main supply of the resin is famished by Amboyna. Immediately above the root of 
the tree, occur numerous excrescences, sometimes as large as a man’s head, whence exudes an 
agglutinative liquid that solidifies after some days into elongated masses of resin. In Sumatra, 
the natural exudation is so abundant that no trouble is taken to make incisions in the trees. In 
other places, the supply is increased by making incisions on the lower portion of the trunk, and 
placing small receptacles for the collection of the resin. The dammar which exudes from the upper 
portion of the trank forms large stalactites, at first vitreous and colourless, but gradually becoming 
golden-yellow, which are detached at intervals. In the dense monntain forests of Sumatra, huge 
pieces of dammar fall from the trees and get washed into the rivers, whence they are collected by 
the natives. 

This kind of dammar usually occurs in commerce in nodules i-J in. diam., occasionally of much 
larger size. The exterior is coated with white powder from mutual attrition, while the mass is 
straw-coloured or pale-amber, transparent or translucent. It splits readily, and is very friable. It 
is scratched by copal, and some even by mica, but is harder than rosin. It adheres only feebly by 
heating in the band. It softens at about 100° (212° F.), and commenees to melt at 150° (302 F.) 
to a clear liquid of agreeable resinous odour. The fracture is conchoidal and vitreous, and 
generally exhibits abundant air-bubbles and some vegetable de'bris. The resin splits and cracks at 
the temperature of the hand. The odour is balsamic when the resin is new ; afterwards imper- 
ceptible. Tlie flavour is slightly resinous; sp. gr. 1-062-1 '123. It yields a small quantity of 
lime to water; is incompletely soluble in cold alcohol, moderately soluble in ether, soluble in 
boiling alcohol, fixed and volatile oils (especially turpentine- and boiling linseed-oils), chloroform, 
carbon bisulphide, benzol, and petroleum-spirit ; but insoluble in acetic acid, nitric acid, caustic 
soda, and ammonia. 

It is extensively used in the manufacture of varnishes for coach-builders and painters, and in 
mounting microscopic objects, and has long been recommended for making sticking-plaister. 
Inferior qualities are used in the locality of production for caulking ships and burning as incense ; 
also for illumination, when pounded and filled into tubes of dried bamboo-stems or palm-leaves. 

The exports of dammar (quoted as “gum mastic ” in the Consular reports) from Manilla in 1879 
were 1356 piculs (of 139J lb.) to Great Britain, and 550 to the Straits and India ; total, 1906 piculs, 
value, 1525/. And the value of the “gum” exported in 1880 was 9600/. 

2. Sal Dammar .- — This is produced by the sal tree, Skorea [ Vatica'] robiista (see Timber — Sal), in 
the tropical Himalaya, and along its base from Assam to the Sutlej, in tlie E. districts of Central 
India, in the W. Bengal hills, and in Borneo and Sumatra ; also by this species or S. [ V.'] sericea in 
Malacca, and possibly by S. [F.j Tumbuggaia [_penicillata'] in the W. Peninsula and the forests of 
Cuddapa and Falghant in Mysore. Sal dammar occurs in brittle, stalactitic pieces, pale cream- 
yellow, nearly opaque, each piece being striated, as if the resin had run out in thin liquid streams, 
and coagulated on the surface one over another. Its sp. gr. is 1 ■ 097-1 -123; it is easily fusible, par- 
tially soluble in alcohol, almost completely in ether, perfectly in turpentine-oil and fixed oils, and 
more freely and speedily in benzol than in turpentine-spirit. These solutions are turbid. The 
turpentine solution (2 parts resin to 2J parts turpentine-oil) makes a good varnish for lithographic 
drawings, being clear, nearly colourless, and drying rapidly without cracking; also a moderately 
good tracing-paper. The resin occasionally appears in the English and French markets. 

3. Black Dammar. The black or hala dammar of India is derived from one or more species of 
Canarium, the chief being C. stnctum. This tree is common in the Alpine forests about Courtalum, 
in the Tinnevelly district, and is there regularly rented for the sake of its dammar. In this 
locality, the resin is obtained by making a great number of vertical incisions in the bark near the 
hase of the trunk, then setting fire to the tree below the cuts, and having thus killed it, leaving it 
for a couple of years before collecting the exudation. The tree is killed in the hot season, and the 
gathering takes place in February-March. In the Coimbatore district, the dammar is extracted 
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from the tree by piling firewood to the height of 1 yd. around the base of the trunk, and lighting 
it. The resin subsequently exudes from the trunk as high as the flames reached. The operation 
is conducted at any season of the year, and the dammar continues to flow for 10 years between the 
months of April and November, and is collected in Jannary. After yielding for 10-12 years, the 
tree decays. The quantity of resin obtained is stated at 30-40 dungallies (say 150-200 lb.). It 
occurs in large stalaetitic pieces, of bright black colour, when viewed from a distance, but trans- 
lucent and deep reddish-brown when seen in thin laminae against the light. It is quite homo- 
geneous, and has a vitreous fracture. It is insoluble in cold, but partially soluble in boiling 
alcohol on the addition of camphor. When powdered, it is readily solnble in turpentine-oil. By 
distillation, it yields about 78 per cent, of oil resembling rosin-oil. It is largely used in India in 
making bottling-wax, varnishes, &o., but in this country would hardly compete with common rosin. 

Another species, C. bengalense, of Sylhet and the adjacent mountainous countries, yields a large 
quantity of pure, clear, amber-coloured resin, which soon becomes hard and brittle, and is not 
unlike copal, but lightly valued by the natives. 

4. Sock Dammar . — This is furnished by two species of Ropea, H. odorata of Bangoon, Pegu, 
Martaban, and Tenasserim, and H. micrantha of Malacca, Sumatra, Borneo, and Labuan. The 
resin of the former occurs in nodules about the size of walnuts, of a pale-straw colour to colourless, 
brittle, with a shining resinoid fracture, scarcely distinguishable in appearance from the com- 
mercial E. Indian dammar (of Dammara orientalist It dissolves readily in turpentine-spirit and 
benzol, forming a clear bright solution, drying rapidly and smoothly when applied as a varnish. 
In all essential qualities, it is quite equal to E. Indian dammar, and is rather superior to it in 
hardness. The resin of H. micrantha is met with in pieces having the same size as the foregoing, 
but darker coloured and less friable. In other respects, there is no broad difference between the 
two kinds. 

The 1877 crop of dammar exported from Java was distributed as follows : — 8272 piculs (of 
13&i lb.) to Holland, 3674 to Singapore, 1050 to France, 736 to the Channel for orders, 615 to 
America, 14 to Italy ; total, 14,361 piculs. The 1878 crop : — 4161 to Holland, 2375 to France, 
1721 to America, 1345 to Singapore, 410 to England, 213 to the Channel for orders ; total, 
10,225 piculs. The 1879 crop ; — 6820 piculs to France, 4413 to England, 2968 to Holland, 1957 to 
Singapore, 1887 to America, 814 to the Channel for orders, 343 to Italy, 262 to Port Said for orders ; 
total, 19,464 piculs. The state of Sarawak, in 1879, exported 407 dollars’ worth (of 4s. 2d.) to 
foreign countries. The approximate London market values of the dammars are as follows : — 
Manilla (called “copal”), 16-65s. a cwt. ; Batavian, 70-115s. ; Singapore, 55-1 05s. 

It must be acknowledged that our information concerning the dammars of the E. Archipelago 
and their sources is far from being comprehensive. There are many similar products of that region 
of which we know practically nothing. 

Dextrine, British Gum, Starch-gum, Fruit-gum (Fe., Amidon-grille, Gomme d" Alsace, 
Leiogomme, Gommline ; Geb., Dextrin, Leiocom, Stdrkegummi, Stdrkemehlgummi). — This substance, 
whose formula, C,jH,,0,o, is homologous with that of starch, occurs sparsely in many plants, and 
seems to play an important part in the development of those parts of plants in which a new 
formation of cells takes place. Its presence in various grains (air-dried) amounts to the following 
percentages: — Wheat, 4'5; wheat-bran, 5 ‘52; barley, 6 •55; rye-bran. 7 ’79; malt, 8-23. It is 
more abundant as a transformation-product of grain-starch in bread, beer, and other substances 
manufactured from grain ; and is found also in tlie blood, muscle, spleen, and liver of animals, 
particularly graminivorous. 

Pure dextrine is a white, amorphous, flavourless and odourless powder, sp. gr. 1 • 52. It is com- 
pletely soluble in cold water, forming a glutinous mucilage. Commercial dextrine usually leaves 
a residue of 12 per cent, or more of unchanged or burnt starch. It is insoluble in absolute alcohol 
and in ether. Heated with dilute acids (sulphuric, hydrochloric, or acetic), it is partially trans- 
formed into grape-sugar. Alone, it is unfermentable. Heated in the presence of an inert vapour 
laden with moisture, it is converted into sugar, the amount of glucose thus formed increasing as the 
starch used is more acetous. 

Commercially, the term “dextrine” is restricted to starch-dextrine prepared by the artificial 
transformation of starch. This may be efl'ected in 3 ways ; — (1) By the prolonged roasting of dry 
starch at a temperature of 200°-275° (392°-527'’ F.) ; (2) by heating starch with dilute acids 
fora short period ; (3) by treating starch with a solution of diastase (malt-extract) at a tempera- 
ture of 60°-75° (140°-167° F.). In all these cases, the formation of a certain quantity of glucose 
is a necessary accompaniment of the operation. In the industrial manufacture of dextrine, the 
dual object aimed at is the most complete transformation of the starch into dextrine with the 
least possible co-production of glucose. Absolute purity is a matter of minor consideration, the 
technical application of the material demanding chiefly an article that will paste and thicken 
well. The starch employed may be of any origin, and such as is most cheaply and readily pro- 
curable on the spot (see Starch). 
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In mann&ctnring dextrine by the roasting process, it is essential that the transformation shall 
go on evenly and at one temperature. The limits of temperature commonly adopted are 212° and 
250° (4:13J°-4:82° F.), though Payen says that a temperature of 200°-2I0° (392°-410° F.) produces 
the most perfectly soluble dextrine. Several methods are adopted for conducting the manufacture 
at an equable temperature, one of the beat being based on the principle of an oil-bath. 

This form, adopted by Proudfoot & Co., Manchester, who produce nearly 4 tons daily of dextrine, 
is shown in Fig. 1171. It is suited to the treatment of wheat-, rice-, and potato-starch, but only 



produces the article in powder form, not in transparent pieces. The starch is first dried at 80° 
(176° F.) in an apartment for the purpose ; its subsequent loss of weight in roasting is small, 
220 lb. of starch giving 176 lb. of finished dextrine of good quality. The starch is fed in through 
the oval hopper a. The double-jacketed cylinder b is supplied with well-refined rape-oil up to a 
gauge-cock. A fire is then kindled in the furnace c, the stirrer in the inner receptacle of the 
cylinder b is put in motion, and the starch, in charges of about 5 cwt., is introduced from the 
hopper a. The oil rapidly expands by the heat, so as to completely surround the inner cylinder 
of b. The temperature to which the oil is heated varies with the grade of dextrine required. The 
roasting is known to be complete when a peculiar decided odour is emitted at the hopper. The 
material is then withdrawn into the metallic dish d, about 8i ft. long and 4 ft. wide ; the larger 
pieces are crushed and sifted before being pulverized in the mill e. It is finally placed in a sieve- 
drum or gauge-cylinder /, and is then ready for packing. 

The oil can be used repeatedly, requiring only occasional replenishing as it becomes oxidized. 
The roasting-cylinders are best made of wrought-iron, and about 10 ft. long and 1 ft. in diameter. 
They are placed on a slight incline, and may be so adjusted as to work continuously, the finished 
product escaping at one end while the dry starch enters at the other. Several such cylinders may 
be placed over the same furnace, and rotated by cog-wheels. The darkest qualities of dextrine 
require a second roasting at a high temperature. 

Payen’s hot-blast furnace consists of an upper portion filled with brass trays, in which the dry 
starch is spread in a layer of 1-1 J in. ; air, entering and circulating through passages, is heated by 
a furnace, and escapes into the upper chamber containing the starch ; parting with its heat to the 
latter, it descends again to be reheated. During the first part of the operation, an exit is provided 
for the moisture-laden air. The great faults of this system are the impossibility of regulating the 
temperature, and the inequality iu the roasting by reason of the starch remaining stationary. 

The manufacture of dextrine by the acid process depends on the fact that anhydrous starch 
moistened with a dUute scarcely-volatile acid, and heated to 100°-125° (212°-257° F.), is trans- 
formed into dextrine. Great care is necessary in arresting the process as soon as the dextrine is 
formed, to prevent its further conversion into sugar. The starch is mixed with a quantity (deter- 
mined by experience) of dilute acid so as to form a damp powder ; this is exposed to a temperature 
of 100°-120° (212°-248° F.) until the transformation is complete. The acids chiefly used are nitric 
and hydrochlcric ; it is essential that they contain no free chlorine, or it would pass over into the dex- 
trine, and bleach the colours employed with the latter in printing paper, calico, &o. ' Sulphuric acid is 
seldom availed of, except for making liquid dextrine ; dextrine made with it never becomes really 
dry, and is generally of darker colour. For the production of liquid dextrine, both oxalic and lactic 
acids are likewse employed, their excess after completion of the transformation being neutralized 
by carbonate of lime. 

By Anthon’s method, the pure starch is replaced by potatoes themselves, previously freed of 
soluble ingredients by treatment with acidulated or alkaline water, then dried, and ground fine. 
This material is acidulated with nitro-hydrochloric acid at the rate of 0-05-0'l per cent, on the 
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weight of starch. The acidulated mass is spread on linen hurdles in a drying-room at 38°-44° 
(100J°-11IJ° F.) till it ceases to lose weight, when the temperature is raised to 70°-75° (158°- 
167° F.) for a time, and is finally increased to 90° (194° F.), and thus maintained for J hour, when 
the perfectly dry substance, while still hot, is placed in tin-plate moulds at 100°-125° (212°- 
257° F.) for 1-2 hours, by which the formation of the dextrine is completed. The final heating in 
the moulds is conducted in the apparatus shown in Fig. 1172. This consists of a double-jacketed 
kettle, whose outer receptacle a b c serves as a salt- 
water- or oil-bath, being supplied through d. The 
outer shell is encased in felt and wood ; the false 
bottom e helps to facilitate the circulation of the con- 
tents of the bath. The inner receptacle is divided 
into a series of flat cells / about 1 in. diam., containing 
the starch to be converted. The pipe g serves to 
admit cold air or liquid into the jacket, of which the 
pipe A is the outlet. 

An approved recipe for making dextrine by oxalic 
acid is : — 500 lb. potato-starch (or an equivalent of 
grain-starch), 1500 lb. water, and 8 lb. oxalic acid, 
heated in a water-bath till the liquor ceases to give 
a blue colour with tincture of iodine, cooled off, neu- 
tralized with chalk, left for several days, filtered, 
evaporated to a doughy consistence, and slowly and 
completely dried. 

The manufacture of dextrine by means of fermentative bodies, such as diastase, is now conducted 
only on a very small scale ; the product always contains an appreciable quantitv of sugar, and is 
qualified by the term siccree among the French firms who make it. The process consists in heatin'^ 
a mixture of starch, diastase, and water at 65°-75° (]49°-167° F.), and bo ilin g the mass immedi- 
ately the conversion is finished, so as to arrest as far as possible the further transformation into sugar. 
The syrupy nature of the article makes it difficult of transport, and it is very liable to ferment. 

Mention may here be made of Pochin and Wooley’s method. Thoroughly dried starch is mixed 
with 12^-25 per cent, of butter-milk or sour milk passed through a sieve of 40 meshes per sq. in., 
redried, and gently roasted till the colour is yellow to brown. 

Experiments to produce dextrine from cellulose have been total failures. 

Commercial dextrine is never quite pure, and rarely required to be so, but it may be rendered so 
by first decolorizing its aqueous solution by means of bone-black, filteriug off, evaporating down, 
and treating with alcohol to separate the sugar ; the flocculent precipitate of dextrine is filtered off, 
dissolved in water, and treated with alcohol, this rotation being repeated 10-12 times. The purifi- 
cation of dextrine made by diastase is a much more complicated matter. 

Commercial dextrine varies widely in quality. It occurs most commonly as a dirty-white or 
pale-yellow powder, and formerly was made exclusively in this form ; but latterly, it has been 
extensively manufactured in lumps bearing a close resemblance to Arabic and Senegal gums. 
Finally there is dextrine-syrup, a pale-yellow, transparent, tough, glutinous mass, used by brewers 
in France, but little known elsewhere. An idea of the percentage composition of dextrine intended 
for industrial application may be gained from the following analyses : — ■ 



Dextrine, 

Sugar. 

Insoluble. 

TVater. 

Prime dextrine . . 

72-45 



5-64 

Dark-roasted 

70-43 



7*68 

Brown dextrine . . 

63-60 



14*23 

Gommeline 

59-71 

5-76 


13*89 

Older dextrine . . 

49-78 

1-42 


18-00 


Its composition is so various, and it is so often adulterated, that it should always be bought on 
analysis, and carefully tested. 

It is very largely used in printing calicoes, glazing paper, gumming envelopes and stamps, 
making inks and printing-rollers, coating sticking-plaister and bandages, baking bread, and 
brewing beer. It is said never to become mildewed. Its approximate value is 30s. a cwt. in 
6-cwt. casks. 

Dhoura, TEoura, or DEowra. — This gum exudes from incisions made in the bark of 
Anogetssus [Omocarj»,s] latifolui. The tree inhabits Islamabad, the Kennery jungles, the valleys 
of Concan rivers, and the inland Dekkan hills; it is very plentiful in the Melghat. A good speci- 
men of the tree yields about 4 lb. of the gum. It is gathered carelessly, before it is sufficiently dry 
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to come awayl)y itself, and is much contaminated with bark, leaves, and sand. Picked samples con- 
sist of cylindrical or vermiform tears, i in. diam.. If in. long, clear, transparent, almost colour- 
less, forming a clear, colourless mucilage with cold water, but with a small proportion of insoluble 
bassorine swelling up. When the latter is strained off, the mucilage is quite clear, and as tenacious 
as arabic. Four reports on an unpicked ordinary sample of the gum placed the probable market 
value at sums varying from 10 to 25s. a cwt. It was classed as a very low arabic ; but if picked clean, 
and offered in quantity, it would probably soon command a better price than the maximum estimate. 

Dika-mali or Cumbi, and Ouliep^. — Two species of Gardenia, G. lucida and G. gummifera 
[arioreal, which are common in many parts of India, yield a resinous exudation ; it occurs in 
irregular earthy-looking masses of dull olive-green colour, consisting of a mixture of the resin and 
its natural impurities. Its odour is peculiar and very offensive. A spirituous solution is used in 
dressing ulcers and to prevent mortification. Both the resin and the twigs coated with it are sold 
in the Indian bazars. 

In New Caledonia, a yellow, aromatic resin, of disagreeable flavour and glossy fracture, is 
obtained from the bods of G. Ouliepe, G. eduUs, and G. sulcata. It occurs as a powder, and in compact 
lumps. It closely resembles the Indian dika-mali or cumbi, and is employed by the natives as a 
cement and for caulking ships. 

Dragon’s-blood (Fn., Sang dragon ; Geb., Drachenbluf). — This name is applied to resins 
obtained from several different species of plants. The most important of the resins, andjthe 
one usually known by the name of dragon’s-blood, is afforded by Calamus Draco, of E. Asia. 
Other kinds of minor significance, which wiU be described after the chief sort, are (2) Socotran, 
(3) Canary Islands’, (4) W. Indian, and (5) Mexican. 

1. E. Asian. — The distribution of Calamus Draco, whose stems constitute the bulk of the rattan 
canes of commerce, has been recorded under Cane, pp. 595-8. The abundant fruit, on arriving at 
maturity, is covered with an exudation of red resin, of naturally friable character. This is 
dislodged by gathering the fruits, and shaking or beating them in a sack or basket, when 
the freed resin can be sifted clean from impurities. Exposed then to the heat of the sun, or 
of boiling water in a closed vessel, it is softened so that it can be moulded into sticks or balls, 
which are immediately wrapped in a palm-leaf, generally from Lkuala spp. This forms the best 
kind, or jemang, the “ dragon’s-blood in reeds ” or “ sticks,” of commerce. The sticks have some- 
times a length of 13-14 in., and a diameter of J-1 in., weighing about 5 oz. ; smaller ones are more 
common. The surface of the resin appears of an intense blackish-brown ; in thin pieces, it is trans. 
parent, and of a pure brilliant crimson. It has a sweetish flavour, and gives a blood-red streak on 
paper. The sp. gr. is about 1'2, being somewhat higher in the good qualities, and lower in the 
inferior. These inferior qualities are produced by boiling the pounded fruits in water, and 
making the resin into a mass, frequently increased by the fraudulent addition of dammar and 
other foreign matters. The article is known as “lump.” It has a slightly acrid flavour, a weaker 
colour, and a much larger percentage (40 or more) of insoluble matters. Dragon’s-blood melts at 
about 120° (248° F.), with evolution of benzoic acid. It is soluble in the alcohols, benzol, chloro- 
form, carbon bisulphide, the oxygenated essential oils, petroleum-ether, glacial acetic acid, and 
caustic soda ; sparingly so in ether, and still less in turpentine-oil. It is largely sent into Cliinese, 
Indian, and European commerce from Singapore, Batavia, and Banjarmassing. It is izsed as a 
colouring agent in pharmacy, but much more extensively for making varnishes, particularly those 
employed by furniture-polishers. 

2. Socotran. — The dragon’s-blood of Socotra, well known in ancient medicine, is obtained from 
Draccena Ombet, or possibly D. schizantha, a mushroom-like tree of 20 ft., growing only at an eleva- 
tion of about 1500 ft. To obtain the resin, called eda by the natives, about 4 sq. in, of bark is 
removed, and the cavity thus formed becomes filled with the exudation in 2-3 weeks. The collec- 
tion takes place in March. The product is sent from Muscat and Aden to Bombay, where it is used 
by the goldsmiths. 

A closely similar, if not identical, article is produced by. D. schizantha, a 25-ft. tree growing in 
dhe Somali country at 2500-5500 ft., and there called moli. It is said not to be exported, but either 
this or the foregoing kind occasionally appears in the London market in small parcels from Bombay 
and Zanzibar, bearing the name of “ drop ” dragon’s-blood. It is in little tears and fragments, of 
clean glassy fracture, and transparent and ruby-coloured in thin sections. It is free from fruit- 
scales, and evolves no benzoic acid on heating. 

3. Canary Islands’ .—Hhe dragon’s-blood of the Canary Islands is obtained from Dracmna Draco, 
by making iuciaioDS in the stem. This resin is found in the sepulchral caves of the Guanches, and is 
supposed to have been used by them for embalming. It formed at one time a considerable article 
of export fi-om the Canaries, and has not quite fallen into disuse, though it is never met with in 
ordinary commerce. 

4. Mexican.— Croton Draco, of Mexico, yields a resin used in varnish-making, which occasionally 
passes by the name of dragon’s-blood. 
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The approximate London market valne of dragon’s-blood is 4-5i. a cwt. for lump, and 10-12f. for 
fine reed. 

iEleini (Tb., Elemi-, Geb., Elemf). — The term “elemi” is applied to a number of resinous 
exudations (some confounded with animi), the chief of whicli is obtained from the Philippine 
Islands. The description of this will be followed by some account of (2) Mexican, (.3) Brazilian, 
(4) Mauritius, (5) E. African, (6) W. African, and (7) W. Indian elemis. 

1. Philippine. — The oleo-resin known as Manilla or E. Indian elemi has long been attributed to 
Camriun commune-, this has recently been doubted by competent authorities, who are rather 
inclined to consider the plant a But-s ra. It forms a tree, growing in the province of Batangas, in 
the island of Luzon, where it is called aUlo by the natives, and arbol a irea (“ pitch-tree ”) by the 
Spaniards, from the use of the resin for making torches. The resin as imported is soft, of granular 
consistence resembling old honey, and colourless when fresh and pure, but more usually contami- 
nated with chips and carbonaceous matter, rendering it grey or blackish. It hardens and becomes 
yellow on exposure. It has a strong odour of fennel, lemon, and turpentine. It softens at 80° (176° 
P.), and fuses to a clear resin at 120° (248° P.). It is adopted by the British Pharmacopoeia, and 
is imported in large quantities from Manilla. It is used principally in the manufacture of 
varnishes ; also in felting and in medicine. 

2. Mexican. — Mexican or Vera Cruz elemi is produced hy Amyris elemifera {^Plumieri}, growing in 
Mexieo and Yucatan. It is a light-yellow to whitish brittle resin, in semi-cylindrical or irregular 
fragments, translucent to dull and opaque. It has an agreeable odour of turpentine, and is readily 
masticated. It was met with in London commerce 30 years since, but is unknown now. 

3. Brazilian. — This heading embraces the products of several species of Idea, as I. [^Protium] 
Icicariba, I. heterophylla, I. heptaphylla, I. guianensts, I. altissima, I. Caranna.'T. viridiflora, growing in 
Brazil, Guiana, and New Granada (Colombia). The so-calleJ “balsams” obtained spontaneously 
from their trunks are highly odoriferous, and commonly used as incense in S. America. This is 
particularly the case with that of I. heptaphylla, called hyawa gum or conima resin in Guiana, and 
whose timber is known as “ incense-wood ” ; and with that of I. heterophylla, termed “ balsam 
of Acouohi.” I. Caranna is named as the source of “ caranua ” resin, used medicinally by the Indians 
of Central America ; but Hanbury attributes at least one kind of so-called caranna, caragne, or carana 
gum or resin to Bursera acuminata. These exudations remain fluid for a considerable time, but 
ultimately harden. They are strangers to European commerpe. 

4. Mauritius. — Mauritius elemi is produced by Colophonia mauritinna, and bears a close general 
resemblance to the Philippine article, with which it is perhaps identical. 

5. E. A/rioan.— See Olibanum, p. 1676. 

6. W. African. — It is said that large cakes of elemi used to be brought to Bembe, and that it 
is abundant at not many days’ journey ; but there is possibly some confusion here with animi or 
copal. Nevertheless Holmes, in 1879, described an elemi from an Idea sp. received from Liberia 
under the name of copal. Externally, it seemed inferior, having a dirty blackish appearance, the 
white opaque porous resin only showing here and there ; the odour resembled the true drug, but 
the article was much drier and more friable. Analysis proved it to be comparatively pure, thus — 
resin soluble in cold alcohol, 84-5 ; resin soluble in ether, 12-0 ; black insoluble residue, 3 ‘5. This 
last is of vegetable origin, and almost exclusively fungoid or algal filaments. 

7. W. Indian. — Wiesner describes an exudation from Bursera gummifera in Martinique and 
Guadeloupe, forming large white masses, internally greenish to yellowish. 

EupHorhinin (Fb., Euphorbe ; Geb., Euphorbium'). — This gum-resin is obtained from Euphorbia 
resinifera, a tree confined to the interior of Morocco, growing on the lower slopes of the Atlas in the 
S. province of Suae, and in Demenet, and notably at Netifa and Imsfuia (Mesfioua). Incisions are 
made by a knife in the green fleshy branches, whence exudes an abundance of milky juice, which 
hardens on exposme, encrusting the stems down which it flows, and is collected in September. 
The collectors adopt the precaution of covering mouth and nose during the operation, to exclude 
the small dusty particles, which provoke intense sneezing. The gum-resin once had a wide 
medicinal use, but the trade in it is now rapidly declining, and its consumption is restricted 
to veterinary practice, and as an ingredient of a marine paint. What little is exported is shipped 
at Mogador. Our imports in 1870 were 12 cwt. ; since then there is no return. A small quantity 
recently sold in London at 28s. a cwt. 

FranhixLCense. — The name frankincense properly belongs to olibanum, and the true drug will 
be described under that head (see p. 1676). The term “ common frankincense” is a synonym for 
gum thus, a coniferous product (see Thus, p. 1684), and is also appbed to another pine-resin). There 
remains the resinous exudation known as “ W. African frankincense ” for description in the present 
article. 

The tree affording fhis, Eaniellia thurifera,\s a native of Sierra Leone and circumjacent regions, 
being especially abundant in the mountainous districts W. of Freetown, and the wooded slopes near 
York, Lumley, and Goderich villages. It is said also to be met with on the forest declivities of 
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Fernando Po, and in Toruba, where it is caUed ogea. In Sierra Leone, both the tree and the exu- 
dation are termed bungo. The naturally exuded gum-resin mostly appears in a liquid state, of 
white or pale-straw colour; in some seasons, it oozes so copiously from the branches that the 
ground and shrubs beneath become thickly covered with white spots. This does not occur so pro- 
fusely from the cortex, and, when so produced, appears in thin, shallow, whitish streaks, resembling 
a saline efflorescence when dry. The natural exudation would not appear to be gathered. But the 
tree is much attacked by an insect which perforates the bark in all directions, and through the 
apertures made by it, the gum-resin issues as a liquid mingled with and coloured by the woody 
dekris, and accumulates in masses, which fall to the earth, harden, and are collected for sale. 
Further quantities are procured by stripping dead or unsound bark from the tree, the more 
decayed portions being commonly saturated by the exudation. Both kinds, frequently mixed, 
appear in the market at Freetown, and are largely consumed locally by the native women for 
anointing. The product seems to be unknown in European commerce. 

Galbanum (Fb., Galbanun ; Gbb., Galbanum, Mutterbarz). — Premising that much ignorance 
still surrounds the origin of this medicinal gum-resin, it seems to be at any rate chiefly derived 
from two species of Ferula. These are: (1) F. galbaniflua, the khassucA of the Persians, and 
boridsheh of the Mazanderan dialect, inhabiting the foot and slopes (dOOO-SOOO- ft.) of the Demavend 
mountains in N. Persia, the mountains near Kuslikak and Churchura (Jajamd), and the neigh- 
bourhood of Sabsawar ; and (2) F. rabriccmlis [enit>escens], growing in the gorges of the Kuh Dinar 
range in S. Persia, and locally throughout the whole of N. Persia, as on the Dalmkuh mountain, on 
the slopes of the Elvend near Hamadan, at intervals on the edge of the great central salt-desert of 
Persia, on the mountains near Sabsawar, between Ghurian and Khaf; west of Herat, and on the 
desert plateau west of Khaf. The gum-resin of the former species is said to be gathered by the 
inhabitants of the district of Demavend, though it is not any special object of industry ; that of 
the latter species is collected for commercial purposes around Hamadan, and constitutes “ Persian ” 
galbanum. 

Existing accounts of the collection of galbanum are imi>erfect and contradictory; possibly 
different systems prevail in different localities. Buhse states that the gum-resin exudes freely 
and spontaneously from the lower part of the stem and the bases of the leaves. Geoffrey says that 
it is extracted by making large incisions in the stem at about 3 in. above the root,, when it escapes 
in drops, and at the end of a few hgurs has dried sufficiently to be collected. Landerer asserts 
that the stem is scarified, and a mussel-shell placed beneath to catch the exudation. The appe^- 
ance of the bulk of the galbanum of commerce fevours the supposition that it is principally dmwn 
from incisions in the roots, few samples occurring free from an abundance of root-fragments. 

Galbanum is usually classified into two kinds, “tears" and “lump." The drops or tears of 
Levantine commonly adhere so as to form a mass, generally compact and hard, but the Persian 
•re occasionally soft to fluidity. Their size varies from that of a lentil to that of a hazel-nut • 
and their colour, from light-brown to yellowish or greenish. The odour is peculiar, aromatic, and 
not unpleasant ; the flavour, bitter, alliaceous, and objectionable. In some samples, the tears are 
dull and waxy, changing from light-yellowish to orange-brown by keeping, with little disposi- 
tion to concrete, and a savin-like odour. The sp. gr. of the drug is about 1'212. It consists 
essentially of about 50-70 per cent, of soft resin, soluble in ether and alkaline leys (even milk 
of lime), but not entirely in carbon bisulphide ; 3-7 per cent, of volatile oil ; and 18-23 per cent, 
of a gum resembling bassorine in its solubility. 

The so-called “ Levant ” galbanum enters Europe via. Trieste and Marseilles. Some is said to 
reach London from Bombay. Very large quantities pass into Eussia by way of Astrakan 
Orenburg, and Nijni-Novgorod, wrapped first in skins and then in mats, and each package weighing 
•bout 60-80 lb. V 6 6 s 

The uses of galbanum are almost whoUy medicinal (see Drugs, p. 811), though it is said to be 
an ingredient of some cements. 

The approximate London market value of galbanum is 6d.-lg. 3d. a lb. 

Gamboge (Fe., Gomme Gutte; Geb., Gutli, Gumrnigutt).~Some account of this gum-resin has 
already been given under Pigments (see p. 1551). In addition to the species there indicated as 
affording the pigment, it would seem that a similar colouring matter is derived from Stalagmites 
ovalifolius in Ceylon, and fi-om Vismiaguianensis, V. cayennensis, Y. dealbata {lacrezeira gum in Brazil) 
and r. sessUiflora in 8. America, though none of these products is known in European commerce ’ 

The value of the gum-resin for both tinctorial and medicinal purposes is directly dependent 
upon the proportion of the re=ju present. Analyses of commercial samples of “ lump ’’ “ pipe ” and 
“ powder ” gamboge, by Costelo, show : — ^ 

Lump .. 67' 6 resin, 27'4 gnm, 3‘8 impurities. 

Pipe .. .. 79-3 „ 19 A5 „ O' 15 „ 

Powder .. 76 6 „ 22-5 „ 0 7 „ 
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The resia (“ gambogio acid,” CjjHjjO,) ia of bright reddish-brown colour, translucent, very 
brittle, and easily rubbed into a bright-yellow powder; it is soluble in alcohol, ether, chloroform, 
carbon bisulphide, ammonia and potash leys, and partially in petroleum-benzine. 

Ging and Eunnee. — These names are applied locally to two grades of gum produced by 
Odina Wodier, in the Coromandel mountains and Travancore. The exudation is abundant and 
spontaneous, and takes place from the bark of the tree, about April. The 1st quality is white, and 
is called kunnee; of it, a man can gather about 2 lb. a day. The 2nd quality is black, and 
consists nominally of what has fallen to the ground, but is almost invariably mixed and sold with 
that obtained from Conocarpiis sp. ; of this, one man can coUect 10 lb. daily. A good specimen of 
the tree yields about 5 lb. of gum. It is used by dyers, cloth-printers, in ink, and as medicine. 
Samples sent into the London market for valuation were reported inferior to ohironji (see p. 1639), 
and priced at 10-30s. a owt., much fault being found with the large proportion of insoluble 
matters. It was stated that if imported here, it would probably be used only as an adulterant. 

Specimens of gum-resin and pitchy resin attributed to the same source must be regarded with 
doubt. It is to be regretted that more attention has not been paid to the exudations of Odina 
Wodier. Dr. Dymock calls the gum by the names shimptee and mooi. 

Guaiacum (Fb., Gaiac; Geb., GuajacAarz'). — This well-known medicinal resin is obtained 
chiefly from Guaiacum officinale, and in minor quantity from G. sanctum. Both are natives of the 
W. Indies, notably San Domingo and Lea Gonaives (see Timber — Lignum-vitae). A small quantity of 
the resin is collected as a natural exudation in tears from the stems of the trees, but a much larger 
proportion is extracted artificially. This is perfoimed in several ways. The simplest consists in 
making incisions in the bark of the living tree. Another method is to support logs of the wood in 
a horizontal position, to make an incision at the centre, and then to ignite both ends of the log ; as 
it burns, the resin escapes from the incision. A third plan is to expose logs, which have been 
perforated endwise, to the influence of a brisk fire. A fourth system is to boil fragments of the 
wood in water, whose density has been increased by the addition of salt; the resin melts out and 
forms a layer on the surface of the water. The resin occurs commercially sometimes in globular 
tears J-1 in. diam., but generally in masses, more or less associated with debris of the wood and 
bark. It is brittle, with a clean glassy fracture, transparent and greenish-brown in thin pieces. 
The powder is grey while fresh, but soon becomes green by exposure. The odour is balsamic ; 
the flavour is slight, but leaves an irritating sensation in the throat. The sp. gr. is about 1 • 12. 
The fusing-point is 85° (185° F.), when a benzoin-like odour is emitted. The resin is soluble in 
alcohol, ether, acetone, amylio alcohol, chloroform, creasote, caustic alkaline leys, and clove-oil ; 
slightly in other volatile oils, benzol, and carbon bisulphide. The commercial article is often 
much contaminated by impurities through carelessness in the collection. It is also adulterated 
with common pine-rosin, and is itself mixed fraudulently with scammony and jalap. Its uses are 
wholly medicinal (see Drugs, p. 811). It is imported almost exclusively from San Domingo, 
whence the exports were 36,350 lb. in 1875, but only 3320 lb. in 1879, and 1830 lb. in 1880; in the 
two last years, the export was entirely to the United States. 

The approximate London market value of guaiacum is 9d.-3s. 6d. a lb. 

A so-called “ guaiacum ” from Peru, recently imported for perfumery purposes, would seem to 
be a distinct product. 

Gurjun-balsam or "Wood-oil. — Tliis oleo-resin, whose second name must not be confounded 
with the fatty oil bearing the same appellation, described on pp. l'lll-2, is obtained from several 
species of Dipterocarpus. The most important are D. turbinatus [teois, indicus'] of B. Bengal, 
Chittagong, Pegu, Singapore, and French Cochin China, and JO. trinemis of Java and the Philip- 
pines. Other species of minor significance are : — D. incanus of Chittagong and Pegu ; D. alatus of 
Chittagong, Burma, Tenasserim, the Andamans, Siam, and Cochin China ; D. crispalatus of French 
Cochin China ; D. zeylanicus and D. hispidus of Ceylon ; and D. gracilis, D. littoralis, and D. retusua 
{Spanoghei] of Java. 

The extraction of the oleo-resin seems to be everywhere performed in the same manner. The 
operation mainly consists in scooping a basin-like hole out of the trunk of the tree at a convenient 
height above the ground, and periodically igniting a fire within the cavity. The heat causes the 
balsam to flow from the ducts containing it and to collect in the basin, whence it may be dipped 
or siphoned into receptacles. The tapping is effected at about the end of the dry season, or during 
November-February. Every 3-4 weeks, the charred surface of the cavity is chipped away, and a 
fresh fire is made. In large healthy trees, sometimes a second cavity is cut. Trees which appear 
sickly in the following season are allowed a year or two’s rest. Good trees give an average yield 
of 30-40 gal. during the season. The oleo-resin as extracted is allowed to settle, in order that the 
clear liquid portion may free itself from the thick sediment or guad. 

The balsam, being derived from several difi'erent trees and various countries, does not exhibit a 
constancy of character. It may be generally described as a viscid fluid consisting of about 34 per 
cent of resin, and 65 of essential oil, highly fluorescent, transparent, and dark reddish-brown 
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against the light, resembling copaiba in odour, flavour, and medicinal properties, but giving no 
unpleasant smell to the breath. Its^sp. gr. is 0-964 at 17° (62J° F.) It is quite soluble in pure 
benzol, cumol, chloroform, carbon bisulphide, and essential oils ; partially in methylic, ethylic, and 
amylic alcohols, ether, acetic ether, glacial acetic acid, acetone, carbolic acid, absolute alcohol, 
solution of caustic potash, many samples of commercial benzine, and petroleum-ether. Tests which 
distinguish it from copaiba have been given on p. 1640. 

Gurjuu is produced in Canara (S. India) in small quantity. It is exported from Singapore, 
Moulmein, Akyab, and the Malay Peninsula, and is a common article of commerce in Siam. It 
occurs abundantly in Samar and Albay, and probably other provinces of the Philippines, where it 
is known as halao or malapajo ; it is sold in Albay at the rate of 4 reals per tinaja of 10 gantas (say 
4Jd. a pint). It is now regularly to be met with at the London drug sales. Medicinally, it is 
employed in skin-diseases in England, and as a substitute for copaiba in India. In the Philip- 
pines, and other localities of production, it has more importance as a varnish (best after boiling 
to remove the essential oil), an ingredient of lithographic inks, a preservative for iron (against 
rust) and for timber (against termites and other insects), and generally for application to the 
seams and bottoms of boats and ships. As a varnish, it is reported to dry slowly and possess 
little body, but the case might be dififerent if the essential oU were boiled off. 

See also Copaiba, p. 1639 ; Hardwickia, p. 1654. 

Guttaperclia. — This name, as naturalized in European commerce, embraces the inspissated 
juices of several species of sapotaceous trees growing wild in peninsular and insular Malaysia. 
Their range has been defined as lying between 6° N. and S. of the equator, and between 100° and 
120° E. long. ; this has been more recently curtailed to 4° N. and 3° S. lat., the finer varieties 
being confined between 3° 50' N. and 1° S. lat., where the air is very humid, and the temperature 
ranges about 19°-32° (66°-90° F.). 

The Malay word ^uffa (variously spelt) signifies “gum” simply, while percSa is the name of the 
tree. The guttas distinguished by the Malays are as follows : — (1) Gutta-susu, obtained from a 
Bcientiflcally-unknown tree, now extinct except in the interior of Perak ; the product is the most 
esteemed of any, on account of the firmness of texture. Must not be confounded with the Bornean 
article of the same name, which is a kind of indiarubber. (2) Gutta-taban, the “ guttapercha ” of 
commerce, which will receive further attention presently. (3) Gutta-rambong, and (4) Gvtta-sing- 
garip, kinds of indiarubber, and described in that section. (5) Gutta-pieti or gutta-sundek, the 
product of an undetermined species oi Dichopsis [/sonamf/oj, frequently met with on the Sayongand 
Meeru ranges (Perak). It is obtained and prepared in the same manner as taban, but is much 
whiter and more spongy, and valued at little more than i the price of taban ; of it, some 484 J piculs 
(of 133-^ lb.) were exported from one port in 1877. (6) Gutta-julatong, of unknown origin, often 
used in Perak for mixing with taban and pati, thus rendering them very brittle. (7) Gutta-kolian, 
said to be derived from Isonandra [Dichopsis'} Motleyana, of the Peninsula, Java, and Sumatra ; the 
product is used only for adulterating. (8) Gutla-burong, the milks of various species of Ficus, 
employed as bird-lime, and described under indiarubber. 

[Since the preceding remarks have been in type, Beauvisage has published a monograph on 
guttapercha, see Bibliography (p. 1695), which deserves the attention of all interested in the sub- 
ject ; it is too late to do more here than give a brief epitome of his nomenclature : — Dichopsis 
[Ismandra} Gutta is called gutta-balam at Pajakomlao (W. Sumatra) and the Lampongs (S. Sumatra), 
gutta-tambaga at Lobo Along (W. Sumatra), gutta-dadu or -seroju in Banka Island, gutta-derian in 
Sokadana (S.-W. Borneo) and E. Sum&tia., gutta-percha in Malaysia generally, jufra-tato in the 
Eiou Archipelago, and ngiato-mera or -to-oen in Borneo; Isonandra dasyphylla [Bintang}, is the 
ngiato-hintang ; I. Motleyana is hotian ; I. macrophylla is ngiato-puti ; I. Benjanuna is ngiato-wangi ; 
I. xanthochyma is ngiato-renkan ; I. quercifolia is ngiato-tinang ; I. rostrata is the ngiato-pisang of 
Banka ; Dichopsis Krantziana [/. Krantzii} is the thmr of Cambodia and chny of Annam ; Chryso- 
phyllum rhodencurum is haretandjeng ; Cocosmanthus macrophyllus is haretmondjeng ; Ceratophorus 
[AzaoU} LeeHi is balam-tandok, -tjabe, -trong, or -sonte, or kolan ; Ceratophorus longipetiolatus is benko ; 
Sideroxylon attenuatum is balam-tima or karet-pantjal. He identifies ngiato-doiang as a Bassia sp. ; 
and fni-ther enumerates as guttapercha-yielding plants Bassia sericea, Isonandra lamponga, I. micro- 
phylldi and I. acuminat(X.'\ 

Commercial guttapercha is essentially gutta-taban, derived from Dichopsis [Isonandra} Gutta, of 
which there are a white-flowered and a red-flowered variety in Perak, known locally as ngiato-puti 
and ngiato-mera. The snpplies from this species are supplemented by some of those previously men- 
tioned ; according to Burbidge, the guttapercha obtained from the Lawas district of Borneo is 
formed of the mingled saps of at least 5 species of Dichopsis, the juices of a Ficus, and of one or two 
species of Artocarpea being not infrequently added as adulterants. The Dichopsis [Isonandra} spp. 
flourish best in light rich loam with a rocky subsoil. Many of the most valuable varieties are con- 
fined to the hill-slopes at a distance from the sea, each forming a distinct grove of 200-500 trees. 
Small plants (1-8 ft.) of D. [/.] Gutta are abundant on the granitic formations in Perak up to 3500 ft. 



GUTTAPEECHA. 


1653 


All species are difficult to propagate, except from seed, and are very slow (25-30 years) to attain 
maturity. For their cultivation, it is recommended to take plants not more than 1 ft. high from the 
jungles; it is necessary to lift them very carefully, as they have long tap-roots, which are liable to 
be broken or injured, thus greatly retarding the growth of the plant, or billing it outright. These 
facts need to be taken into consideration in view of the rapid extermination of the trees which is 
now taking place. Doubtless large quantities of guttapercha, as of indiarubber, are still to be 
derived from the little-known interiors of Malacca, Borneo, and Sumatra, if at an increased cost ; 
but cultivation, and some system of obtaining the product short of killing the tree, will have soon 
to be adopted in earnest, if a supply is to be maintained. 

In Perak, the guttapercha trees are most abundant on Gunong Meeru, Gunong Sayong, and 
Bujong ; a few large trees still exist on Gunong Babo and the Tliaipeng range. In Borneo and 
Sidn, the Kadyans and their Murut neighbours collect considerable quantities of the gum in the 
surrounding forests, and convey it to Labuan for sale. A writer in the ‘Journal of the Indian 
Archipelago’ some years since says: — “To the north, the gutta collectors have reached as far as 
Perak on the Peninsular side of the Straits of Malacca . . . and, on the Sumatran side, as far as Pane 
and Bila. To the south, the whole of the Johore Archipelago, and the adjoining countries on the 
E. coast of Sumatra, as far as Palembang (including the forests on the Kampar, Indragire, Timkul, 
Kite, Jambi, and Palembang rivers) now furnish tahan. On the E. coast of the Peninsula, the 
knowledge of it has not yet advanced beyond Pahang. To the eastward, it has reached some of the 
rivers of Borneo, such as Brunei and Sarawak on the north, Pontianak on the west, and Koti and 
Passir on the east. It thus appears probable that the range of the taban embraces the whole of 
Borneo.” Another author states that this tree is one of the most common in Johore. It is not 
found in the alluvial districts ; but in undulating ground, such as that occupying the centre of the 
Malay Peninsula between the Indan and Bata Pahat, it occurs frequently, and, in some places, 
abundantly. 

Generally, the collection of guttapercha is carried on immediately after the rainy season ; in the 
dry season, the flow is very tardy, while daring the rains, fever prevails, and the exudation is 
liable to be washed away. In Perak, no particular season seems to be recognized, and Murton was 
unable to learn whether the yield of the trees varies with the season ; but he is of opiuion that in 
wet seasons the guttapercha must contain more water, and need more boiling for its removal. The 
methods adopted for extracting the guttapercha vary somewhat among the Chinese, Malays, and 
Dyaks. The mature trees are felled just above the buttresses, by means of axes wielded by men 
standing on a stage 14-16 ft. above the ground ; and the branches are immediately lopped off to 
prevent the sap ascending to the leaves. In Perak, the felling takes place at 5-6 ft. from the 
earth, and the top of the tree is also cut off at the point where it becomes too small for ringing. 
The ringing consists in making incisions in the bark of the felled trunk. The Binna people of 
the Malay Peninsula cut the bark with a golo (small knife) or parang (bill-hook) at distances of 
6-18 in. apart, around so much of the trunk as is accessible while lying on the ground, at the same 
time removing about 1 in. of the rough outer coating of the bark on each side of the wound, but 
without peeling oft' any of the inner bark. The Malays of the same region strip off a ring of 
the soft bark about 1 in. wide in each case. In some districts, the bark is beaten with mallets, to 
accelerate the flow of the sap. The latter exudes for about an hour from each incision, and is caught 
iu palm-leaves, coco-nut shells, and other receptacles, much, however, escaping to the ground and 
being lost. The extreme yields may be stated at 2 catties and 20 catties (of li lb.) per tree, the 
average being 3-5 catties. The differences in yield are not readily apparent, as the trees are usually 
about the same age. The crude juice, if in small quantity, may be readily inspissated or concreted 
by rubbing between the hands. But this is rarely done, the rule being to boil the article in water 
in a kicali or iron pan about 15 in. diam. and 6 in. deep, with the addition of various adulterants. 
The boiling is done partly for the purpose of driving off the water which usually gets mixed more 
or less with the juice, and gives a stringy and deteriorated appearance to the guttapercha. Among 
adulterants other than the juices of allied plants, one of the most important is cuco-nut-oil, to 
improve the appearance ; lime-juice (1 pint to 3 gal.) has the property of coagulating the gutta- 
percha immediately on ebullition. Generally in Borneo some 20 per cent, of scraped baik is added ; 
indeed, it is said that the Chinese traders, who buy up the gutta from the gatherers, would refuse 
the pure article in preference for that containing bark, to which the red colour is mainly due. On 
reaching the export warehouses, the various kinds are assorted and sophisticated ready for commerce. 
The article is exported either in the form of balls weighing 13-20 catties (of 1^ lb.), or in large 
blocks, usually the latter for foreign ports. 

The trade in guttapercha is of considerable and growing importance. Our imports of the raw 
article in 1880 were From the Straits Settlements, 62,862 cwt., value 505,821/. ; other countries, 
2994 cwt., 22,051/.; total, 65,856 cwt., 527,872/., being an advance on previous years. Our 
imports from the Straits Settlements have increased from 19,665 cwt, in 1876, to 21,887 in 1877, 
• 31,036 in 1878, and 49,387 in 1879. From Borneo direct, we received 22 cwt., value 350/., in 1876, 
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but none is recorded since. The exports of gnttspercha and indiarnbber combined from Borneo 
to Singapore in 1879 were valued at 437,027 dollars, or 91,047/. The proportion from each Bornean 
port was; — Brunei, 27,720 dol. ; Labuan (received from the coast), 47,513 dol. ; Sarawak, 361,794 
dol. Of the figure for Sarawak, guttapercha represeuts 320,507 dol., leaving only 41,287 dol. for 
indiarubber. The little port of Sandakan shipped 6277 dol. worth of guttapercha. The exports 
of guttapercha from Java for the year 1877-8 were 1113 piculs (of 135J lb.) to Holland, and 6 to 
Singapore; in 1878-9, 332 to Holland, 116 to Singapore, and 34 to England; crop of 1879, 
555 to Holland, and 274 to Singapore. It has been estimated that the shipments of guttapercha 
from Sarawak alone during the years 1854-75 have totalled over 90,000 piculs (of 133^ lb.), 
representing the destniction of at least 3 million trees. Our re-exports of guttapercha in 1880 
were: — 4524 cwt., 53,949/., to Germany; 1796 cwt., 16,100/., to Holland; 1137 cwt., 13,541/., to the 
United States ; 1072 cwt., 4604/., to other countries ; total, 8529 cwt , 88,191/. 

The physical and chemical properties of guttapercha, and its industrial applications, have been 
described in a section of the article on Indiarubber Manufactures, pp. 1162-4. It may be added 
that while exposed to the air and alternations of temperature, it oxidizes and decays rapidly, 
lasting only about 10 years on telegraph wires suspended in tunnels, but about 20 years when 
enclosed in iron pipes ; yet in the sea, 20 years’ exposure produces no visible deterioration. 

The approximate London m.arket value of guttapercha is 6d.-3s. Gd. a lb. for genuine, and 
3d.-2s. a lb. for re-boiled. 

Guttasliea. — This name has been conferred upon a substance, somewhat resembling gutta- 
percha, found in appreciable proportion (J per cent.) in shea-butter (see Oils and Patty Substances, 
p. 1410). Beyond what is there stated concerning it, Dr. Letts, who experimented upon the substance 
for Thomas Bros., Bristol, obligingly writes as follows : — “ I did not succeed in isolating from the 
gum any very definite product. To the best of my recollection, the portion soluble in ether 
separated gradually as an almost colourless solid, but I could not determine whether or no it was 
crystalline. I remember that I could get no definite salts or other compounds from either it or 
the insoluble residue. The only other fact I considered of importance was the odour which the 
gum evolved on dry distillation, which was exactly like that of indiarubber (when heated). This 
led me to think that the gum might be allied to caoutchouc.” It has been sepaiated in a manner 
to admit of its industrial utilization, but no application has yet been found for it. 

Hardwickia balsam. — An important oleo-resin is obtained horn Hardickkia pinnuta, a large 
tree, very common in the dense moist forests of the S. Tiavancore ghats, and found also in 
S. Canara. The method adopted by the natives_for extracting the balsam is parallel with that ciurrent 
in Brazil for procuring copaiba (see pp. 1639-40). The product is a thick, viscid fluid, bearing 
the closest likeness to copaiba, from which it may, however, be distinguished by the tests given on 
p. 1640. It is used medicinally in India as a most efiicient substitute for copaiba. 

See also Guijuu, p. 1651. 

Hog. — The term “ hog-gum ” (which must not be confounded with the inferior tragacanth 
bearing the same name, see p. 1 686) is applied in Jamaica to a yellow resin resembling Burgundy 
pitch in appearance, which escapes as a pellucid juice from incisions in the trunk of Mormobea 
coccinea. It is used for making pitch plaisters and as a substitute for copaiba iu Jamaica. In 
Brazil and Guiana, where it is known as mani or ounani, it is converted into torches, and employed 
in pitching boats. 

Indiarubber (Fb., Caoutchouc ; Ger., Kautschuk '). — The term “ indiarubber,” often and con- 
veniently shortened to “rubber,” is applied to a large class of inspissated plant-juices, chiefly 
yielded by the species named on pp. 1627-8. In England, the name “ caoutchouc ” is restricted to 
the hydrocarbon which constitutes the main ingredient of commercial rubbers. The plan on which 
the present article is framed is to commence with a description of the origin and production of the 
commercial rubbers iu their alphabetic order — African (including Mozambique, Madagascar, 
Liberian, &c.) ; Assam, Java, Penang, and Rangoon; Central American (including Cartagena, 
Guatemala, Guayaquil, Honduras, Mexican, Nicaragua, and \V. Indies) ; Para ; Pernambuco or 
Manpbeira— following with other kinds which as yet have no industrial importance, and con- 
cluding with statistics of production, expoit, price, &c. The industrial applicidious of the rubbers 
have already been described in the article on Indiarubber Manufactures, pp. 1142-64. 

African —Much ignorance still prevails concerning the sources and collection of the African 
rubbers. The Mozambique and Madagascar kinds are obtained from the climbing shrubs md-here 
or voa-canja iVahea madagascariensis), voa-hine (F. comoremis), and V. gummifeia. The product of 
one of these species is said to be much superior to the others, but all are mixed indiscriminately 
by the natives. The preparation consists in treatment either with salt water or artificial heat. 
The Mozambique article occurs in orange-like balls ; in “sausages,” formed of slender strings of 
rubber wound upon a stick, which is finally withdrawn; and occasionally in smooth pieces of 
various size, termed “cake” or “line.” The Madagascar sort consists of shapeless lumps, the 
better quality having a pink colour, and the lower a black. 
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Some rubber is produced in Mauritius by Cryptostegia grandifiora, and some by Willujhbeia edulis, 
the latter found also in Madagascar, Chittagong, and Silhet. 

A belt of rubber-yielding plants of different species extends across Tropical Africa from ocean 
to ocean. Within 20 miles of the coast from Liawa and the Lindi estuary (Masasi and Kovuma, E. 
Africa, 11° S., 38° E.), the forest becomes almost entirely formed of indiarubber vines, affording 
an abundant supply of fine rubber, at present gathered only in a very desultoiy manner by the 
natives, who gash the plants, and collect the exuding juice, which issues in a liquid form, and 
dries hard after short exposure to the air. Rolled into orange-like balls, it is taken to Lindi, where 
it is purchased by the Banyan merchants at about a quarter its value. Dr. Kirk has determined 
the plant which yields the best E. African rubber, and has obtained seeds of the species for intro- 
duction into India. It occurs in great abundance along the newly-made road from Dar-es-Salaam, 
in a W.-S.-W. direction, for about 100 miles towards the interior of E. Africa, through the 
Wazamaro country ; it is apparently but little affected, except in the immediate neighbourhood 
of the villages, by the reckless mode of tapping employed. In many parts, a native can still 
collect 3 lb. of rubber daily. There are five species, but only one is considered worth tapping. 
Specimens received from him at Kew have been named Landolphia florida and L. Kiriii, the latter 
of which yields the best rubber. The Landolphia vine is known from Pangani inland all the way to 
Haudei (in Usambara, E. Africa) ; at Magila, the rubber is made into balls for export. Dr. Kirk 
states tliat L. owarknsis is common along the maiitime region of E. Africa, and abundant at the 
mouth of the Zambesi, being found largely at Shupanga on that river at 100 miles from the coast. 
The produce of this has been shipped from Quillimaue for America. The natives of the Marutse- 
Mabunda empire, on the Upper Zambesi, trade in rubber with the tribes to the west. The district 
called Mungao, extending from S. lat. 9° 25' to Delgado in 10° 11', yielded 90,0001. worth of rubber 
in 1877, wlien the industry had been only 3 years in existence. In 1878, Kilwa and Mombasa 
added largely to the supply. On the Victoria Lake, are one or two kinds of tree producing rubber 
of good quality. Rubber plants grow on the slopes of tlie Cameroons mountains (W. Africa), but 
the people do not yet know their value. Rubber trees abound on the river Djour, in the province 
of Babr el Gliazal. 

The Landolphia spp. are principal among the rubber plants of W. Africa. The rubber is col- 
lected from L. owariensis, extending from 10° N. to 10° S. on the coast of W. Africa, and most 
abundant in the highland districts of Angola ; L. florida, frequent in inner Angola up to 1500- 
2500 ft., and in Liberia ; and L. Hendelotii in Senegal. According to Speke and Grant, the natives 
say that the best rubber is produced by L. florida. The plants of this genus are woody climbers, 
growing well in damp rocky ravines scarcely available for other culture. Being climbers, they 
could not be grown in separate plantations, but would probably flourish in any tropical jungle, 
where trees already existed for them to ascend. Every part of the stem exudes a milky juice when 
cut or wounded, but tliis will not run into a vessel placed to catch it, as it dries so quickly as to 
form a ridge on the wound, which stops its further flow. The blacks collect it by making long 
cuts in the bark with a knife, and as the milky juice gushes out, it is wiped off continually with 
the fingers, and smeared on their arras, shoulders, and breast, till a thick covering is formed. 'I'his 
is peeled off their bodies, and cut into small squares, which are then said to be boiled in water. 
According to other accounts, the natives cut off a piece of the bark, and the milky juice is allowed 
to run into holes in the ground, or upon leaves. In some districts, they simply let the juice trickle 
down their arms, going from tree to tree till sufficient has accumulated, then peeling it off from the 
elbow in the form of a tube. Elsewhere, it is said to be collected and left to inspissate in wooden 
vessels. Collins remarks that, if the incisions be allowed to penetrate too deeply, they liberate a 
gummy substance, which, mingling with the rubber, depreciates its value. These vines may be 
tapped for rubber when 3 years old. Christy suggests their cultivation in plantations, and 
annually cutting down the young slioots almost to the ground, then crushing the stems between 
rollers, and treating the whole mass with carbon bisulphide, which dissolves the rubber, but not 
(he says) the injurious gummy matter. The rubber of these vines is of fairly good quality when 
carefully prepared. It should be made in separate sheets or cakes, 1-2 in. thick and 6 in. or so in 
diameter. Iron or stone vessels are superior to clay for collecting the juice. The better kinds are 
said to be prepared with the addition of 3 per cent, of strong liquor ammonise. When any liquid 
is added in the preparation, the sheets must be very thin, to facilitate drying. This question of 
drying seems to have much to do with the quality of the rubber, and the inferiority of African to 
Para rubber is largely attributed to its being sent into commeice in a raw, green state, whence 
possibly also arises its disagreeable odour, generated by decomposition. The desirability of intro- 
ducing the Attalea exoelsa, for the purpose of employing its nut (the urucuri) in curing African 
rubber, as in Para (see p. 1661), has even been discussed ; but the slow smoky fire from any oUy 
nut would probably have the same effect. 

Another importimt W. African plant is Urostigma Vogelii, with possibly some other species. 
The tree (20-30 ft.) grows near the sea, at elevations of 50-60 ft., but does not flourish in marshy 
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ground. The natives pollard the trees at 10-12 ft., and cut back the branches, thus obtaining a 
free and regular flow of sap. The cuttings are easily propagated, and grow vigorously. The trees 
are tapped at about 5 years, by making slashes or incisions in the trunk ; the juice is collected 
in vessels, inspissated by the use of acids, and made up into balls the size of a large orange. 
Though often sent in a dirty state, the rubber is of good quality, and said to be the best of the 
Liberian. The juice obtained from trees less than 5 years old is watery, and does not aSbrd 
such good rubber. Christy considers this a desirahle species for cultivation in the lowlands of S. 
India, Ceylon, Java, Smnatra, Penang, and Siam. 

A considerable proportion of W. African rubber is obtained from a plant which Holmes has 
determined to be TaberruEmontana crassa. In Senegambia, the anjouan {Vahea senegalensis) contri- 
butes to the supply. In Sierra Leone, rubber is collected from Ficus Brasii ; and some Ficus spp. 
yield it in Angola on 'the W. coast, and at Inham bane on the E. A specimen of rubber from the 
W. coast of Africa is attributed to an undescribed species of Carpodinus ; and in Eeunion, some is 
said to be derived from Periploca graca. 

The rubbers sold under the general name of African, omitting Mozambique and Madagascar, 
occur as shapeless lumps (“ knuckles ”) from the Congo ; “ negroheads ” or “ balls ” of scrap, and 
smooth cakes, from Sierra Leone ; thimhles,” “ nuts,” and “ negroheads ” from the Portuguese 
ports ; “ tongues ” from the Gtaboon ; and “ balls ” from Liberia. The African rubbers are more 
adhesive and less elastic than the Para article, and command a lower price ; the inferiority could 
be much reduced by an improved system of preparation. 

Assam, Java, Penang, and Rangoon. — Assam rubber is derived almost entirely from Ficus 
elastica, a small portion being obtained from Urostigma laccifera. 

Ficus elastica grows wild along the foot and in the low tropical valleys of the Himalayas, from 
the Mechi River on the Nepal boundary at 88° E. long., to the extreme eastern limit of Assam, in 
79° E. long., as well as along the feet and in the valleys of the southern mountains of the Brama- 
putra valley, viz. the Patkye, Naga, Khasi Jynteah, and Garrow Hills. It is not abundant until 
east of the Bor Nuddi, where it is common in the forests at the feet of the hills in the Khaling, 
Buri-goma, and Kuriapara Duars, between the Bor Nuddi and Mura Dunsiri Nuddi ; the rubber 
has been exported from these forests, which extend over about 40 sq. miles, as well as from the low 
valleys of the Bhutan Hills, immediately above them, and especially from the forests in the 
neighbourhood of the exit of the Nunai Nuddi in the Khaling Duar and the adjoining hills, and 
those between the Dimjany and the Euta Nuddis. In the Chardwar forests, between the Mura 
Dunsiri or Euta Nuddi and Borali Eiver, the plant is abundant. Between the Bilsiri and Goboru 
Nuddis, it is found as far as 16 miles from the hills, but the drier climate renders the produce 
much less plentiful. In the Nowdwar forests, where the climate is less moist, only the rubber 
obtained from trees close to the hills is good. In the Chydwar forests, the trees are found only 
immediately along the foot of the hills. The plant may be seen in parts of Sikkim, in the moist 
but rocky side-valleys of the torrents that feed the Teesta and Mahanadi rivers. It is also very 
abundant in the moist forest of the northern rainy zone of Burma, beyond British territory. It 
flourishes best in a very moist climate and a mean temperature of 98° F. in the shade, but will not 
endure stagnant water about the roots. 

The collection of the rubber in Assam is conducted under rigid restrictions in the case of aU 
trees growing in the timber reserves, but cannot be enforced in the case of scattered trees. 
Immense forests of the trees existed on both banks of the Subansiri river, and on other streams, 
but the reckless treatment they received from native lessees of the forests caused their ruin. In 
1876, the leasing of these forests ceased, but there is now little or no rubber left in the plains of 
the Lakhimpur district. It is estimated that the forest of Cachar could yield upwards of 2000 cwt. 
of rubber annually. One district in Assam, 30 miles by 8, is said to contain 43,000 trees, many of 
them being 100 ft. high. According to Murton, there is little doubt that this same plant. Ficus 
elastica, afibrds the gutta-ramteng of the Malay Peninsula, produced in the interior of Perak and on 
the Patani side of the Peninsula. 

The natives who tap the wild trees slash every pait of them within reach with their daos or 
knives. The incisions on the lower part of the stem, and on the roots which run some 30-40 ft. 
on the ground, are 6-18 in. long, and are made diagonally through the bark and into the wood", 
in an elMptical form, measuring about 3 in. across the centre. The exudation from these wounds 
is received in holes dug in the earth, or in leaves folded conically; that from the smaller cuts on 
the upper branches is aUowed to concrete on the spot. According to Collins, the yield of a tree 
in August is about 50 oz. of milk, giving 1.5J oz. of rubber ; sometimes the proportion of rubber 
faUs so low as 10 per Mnt. He also observes that “during the cold season, October-March, the 
milk is scantier, but richer than in the warm weather, March-October.” Mann finds the best 
tapping season in Assam to be February- April. Hunter states that the trees » yield most during 
the rains ; ” he adds that a high yield for the first lapping of a tree 18 in.-6 ft. in girth is 35-40 lb 
of rubber, it is then aUowed 3-4 years’ rest, when a second but much smaller collection is made. 
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Markham asserts that the trees may be tapped at 25 years, and that after 50 years they will yield 
40 lb. of rubber every 3rd year. Murton says that in the Malay Peninsula the milk is obtained 
from the large roots, which are tapped 10-12 times in a year ; a picul (13.3i lb.) is sometimes taken 
from a large tree, but the usual yield is about f picul. This kind is said to require no preparation 
for market, and to present the appearance of long strings irregularly welded together, the best 
quality being gummy-looking, of very firm textine, and reddish-brown colour, while the inferior 
qualities have a large admixture of bark, and are much drier, without the gum-like consistence of 
the better grades. In Assam, on the other hand, it is the “loaf” rubber obtained from the lower 
parts of the stem and roots that requires artificial preparation, while none is bestowed upon the 
produce of the smaller branches. The treatment consists in pouring the milk into boiling water, 
and stirring until it assumes sufficient consistence to admit of being handled without becomiug 
clammy or sticky. The plan adopted by a Kuropean house at Tezpore is to run the milk into 
wooden bins 6 ft. sq., partially filled with water, on which the rubber floats after a time. The 
latter, while stdl liquid, is removed and boiled over a slow' fire in iron pans 4-6 ft. diam., and 
2-2J ft. deep, 2 parts of water being added, and the whole stirred constantly. When coagulated, 
the rubber is removed with iron forks, pressed, again boiled and pressed, sun-dried, and washed over 
with lime. 

The rapid destruction by the natives of the wild rubber trees in Assam has called forth efforts 
to establish their cultivation in regular plantations. That at Chardwar has an area of 80 sq. 
miles, some 700 acres being under cultivation already. In 1878, if was stated that the planting 
had scarcely emerged fiom the experimeufcd stage, for though no doubt remained that the tree 
would grow luxuriantly in the locality chosen, there was much variation in the degree of success 
gained by the several methods of planting. The plants put out in cane baskets in the forks of 
trees, though alive and healthy, remained nearly stationary ; and many of those simply planted 
in the ground also did badly, thus condemning these two plans. All those planted on low split 
stumps, in earthenware cylinders on low stumps of trees, on piles of wood put crossways and mixed 
with earth, and on small mounds of earth 2-3 ft. high, did remarkably well, drainage about the 
roots being ensured by these modes. It has been proved that the best cuttings do not transplant 
so well as seedlings, and that raising plants from seed will be the method of propagation to he 
chiefly depended on. 

Assam rubber has a peculiar mottled appearance, and varies in colour from cream or flesh tints 
to blight pink or reddish ; it is very glossy, and sometimes covered with a greyish-white film, 
which may arise from oxidation or from some foreign application. Its form is either that of 
iiregular lumps (“ slab ” or “ loaf”) produced as already described, or “ balls ” of the unprepared 
striugy substance obtained from the smaller branches. The impurities (bark, sand, clay) often 
reach 35 per cent., especially in the “ balls.” It arrives in baskets made of split rattan, covered 
with gunny-sacking, and weighing about 3 cwt. each. 

Java rubber is also obtained from Ficus elastica, according to De Viij. It is prepared by allow- 
ing the milk to concrete in the incisions made in the tree. It closely resembles Assam rubber, 
hut has a deeper tint, with occasional reddish streaks. 

Penang rubber is presumably identical in origin, no evidence being forthcoming in support of 
Wallich’s statement that it is aflbrded by Cynanchum ovalifolium. 

Rangoon rubber is also attributed to a Ficits, probably F. hispida. 

These three kinds may be classed with Assam rubber for all technical purposes. 

Attention has recently been called by G. W. Strettell to a troublesome climbing “ weed,” 
Urceola [Chavannesiii\ esculenta, very common in the Burmese forests, as a valuable source of rubber. 
It is urged that its cultivation could be made highly profitable. Assuming the plants to be placed 
30 ft. apart, 400 acres would contain 19,200 of them, which are estimated to yield 1 riss (3 lb. 2 oz.) 
each per annum, worth 20f. per 100 viss, or 3840f. It is supposed that the cost of starting the 
plantation would be trifling, not exceeding 8s. per acre per annum on the first 7 years, making 
a total for that period of 1120i. The further cost of tapping, pressing, and preparing the juice is 
placed at 12J per cent, of the profits, leaving a nett asset of over 3000/. per annum. The milk is 
said to coagulate more readily than that of Ficus spp. The incision adopted by Strettell is arrow- 
like, and made on the sides of the stem. The rows of cuts are 3 ft. apart, and arianged to be in 
vertical lines. Funnels formed of the leaves of Futea frondosa are selected for catching the 
exudation. The best season for tapping is about the end of April ; between October and March, 
circulation is slow and the milk is scarce, but during the rains, the milk is more watery and 
abundant. 

Borneo. — The sources of Bornean rubber are not very accurately known. One authority names 
as the chief plant Urceola elastica, a climber with a trunk as thick as a man’s body, and a soft thick 
bark, capable of being tapped at 3 years, and soon shooting up after having been cut down. Of 
this, Burbidge specifies 3 varieties, known respectively as petabo, yielding the best rubber, 
menungan, the most prolific, and serapit, giving the lowest quality. On the other hand, the petabo 
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plant has been identified at Kew as a Leacoraolia sp. Again, Burbidge himself more recently 
writes that the Bornean rubber or guiia-susu is the mixed saps of 3 species of Willughieia, with the 
milks of 2 or 3 other plants surreptitiously introduced to increase the quantity ; and he gives the 
Malay names of the 3 species as manungun, manungan piiti, and manuyigan manga. Their stems have 
a length of 50-100 ft., and a diameter rarely exceeding 6 in. He adds that they are being slowly 
but surely exterminated by the collectors in Borneo, as throughout the other Malay islands, and 
on the Peninsula, where they likewise abound ; on the other hand, they erow rapidly, and readily 
lend themselves to both vegetative and seminal methods of propag.ition, and hence are especially 
deserving of the attention of the Government of India, where they may reasonably be expected 
to thrive. The stems of these creepers are cut down to facilitate the collection of the creamy sap, 
being divided into sections measuring a few inches to 2-3 ft. long; tlie escaping milk fiows into 
jars or buckets, the exudation being sometimes hastened by applying heat to one end. When 
sufficient sap has been thus collected, it is coagulated into rough balls by the addition of salt 
water or nipa salt (the latter obtained by burning the foliage of the nipa or snsa [Nipa fruticans]). 
It reaches Liverpool in porous or spongy balls and shapeless lumps, internally white or pinkish, 
and saturated with salt water in such quantity as to cause a loss of 20-50 per cent, in weight on 
drying. 

Burbidge remarks that there are many milk-yielding species of Ficus in the Bornean forests, 
which, with careful experiment, may possibly be made to contribute remunerative quantities. The 
Malayan representatives of the Artocarpeas also deserve examination. 

According to Murton, the gutta-sing-garip of the Malay Peninsula is identical with the gutta-susu 
of Borneo. There are two varieties of the plant producing it : one has a very dark-coloured outer 
bark, with lighter-coloured warts, and red inner bark ; the other has a light cork-coloured outer 
bark, with longitudinal channels, and light-yellow inner baik. The produce of the former is 
considered superior. The stems are sometimes cut down, but are generally ringed at intervals of 
10-12 in., and the mUk is allowed to run into vessels made of palm-leaves or coco-nuts ; the flow 
continues for some time, but after 10 minutes, the substance is very watery and thin. One plant 
will yield S-10 catties (of 1.^ lb.) of coagulated rubber. When raw, the juice has the appearance 
of sour mUk ; it is coagulated by the addition of salt or salt water, and resembles Bornean gutta- 
susu in all respects. 

Ceaea. — The rubber known in commerce as “ Ceara scrap ” is produced by a distinct species 
from the other Brazilian and Central American rubbers, which has been named Manihot Glasiodi. 
It is a tree of 30 ft. in height, with a dense rounded crown, and attaining a diameter of 4-5 in. in 
2 years. It grows wild in the flat country of Brazil running 
inland from the coast-town of Ceara, in 4° S. lat., mostly, so 
far as is known, at an altitude of about 200 ft. The district 
possesses a very dry arid climate for a considerable portion of 
the year ; the rainy season lasts from November to May -June, 
when torrents of rain fall for several days in succession, 
followed by fine weather. There are years when scarcely any 
rain falls. The daily temperature aver.iges about 82°-90° F. 

The soil frequented by the tree is sandstone, gravel, or granite, 
its dryness and poverty being indicated by absence of all ferns, 
weeds, grasses, and mosses. 

The native system of bleeding the trees and collecting the 
rubber is sufiiciently simple. The collector commences by 
sweeping away loose stones and dust from around the foot of 
the tree, and spreading some large leaves to receive the milk 
as it flows from the tree. The outer surface of the bark of the 
trunk is then stripped off to a height of 4-5 ft., as shown in 
Fig. 1173, and the milk exudes and runs down in many 
tortuous courses, a portion usually falling upon the ground. 

After several days, the juice becomes dry and solid, when it is 
pulled off in strings and rolled up in balls, or put into bags in 
loose masses. The paring should only he deep enough to reach the milk-ducts, which reside in 
the middle layer of the bark ; but this circumstance is seldom regarded by the collectors and 
many trees are prematurely destroyed by the careless wounding of the wood. The operation is 
conducted only during the dry season. 

The habits and habitat of this plant immediately pointed it out for cultivation in a systematic 
manner in some of our warmer possessions, and the success attending the experiments is the more 
desiiable since the late drought in Brazil caused the death of immense numbers of the tree. It has 
proved itself to be well adapted for culture in Ceylon, Upper India, Zanzibar, and Jamaica, but the 
climate of the Malay Peninsula is too moist for it. The experience gained thus far in its cultivation 
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may be briefly stated. Seeds are early produced, if the tree is not shaded. They should be buried 
in brown sand, and kept moist until there are indications of growth, when they may be planted out 
permanently. In some situations, where the ground is rougli and strong, they might be sown 
broadcast. Plantations may also be formed by cuttings, which take root as easily as a willow. 
They should be from the points of strong shoots, and about 1 ft. in length. In planting, each 
cutting may be put down in the sod to a depth of 6 in. If scarce, the entire shoot may be cut into 
pieces, each possessing a bud, all of which will grow if covered with § in. or so of soil. On loose 
sandy soils, or exhausted coffee land, plantations nuiy be formed at little expense. Hard, dry, 
gravelly wastes, if found to support any kind of bush, are also suitable sites. Holes might be made 
in strong land with an iron jumper, and a stout cutting put into each, and filled with pebbles. On 
bare or thinly covered portions of rock, the cuttings might be laid down flat, and a little heap of 
stones, or any kind of debris, about the size of a mole-hill, piled over each, care being taken that 
the extreme point of each cutting with a bud is left uncovered. Wherever there is any sort of 
stunted tree or shrub vegetation, with an occasional sprinkling from a monsoon shower, the tree is 
likely to prosper. There can be no doubt of the hardiness of the species, its readiness of culture, 
and adaptability to circumstances. It grows quite as readily from seed as from cuttings, and, 
though a native of a tropical sea-level, thrives well in Ceylon up to at least a level of 3000 ft., and 
on the most barren soils. It would seem especially adapted for the dry and barren districts of the 
E. and N. provinces of Ceylon, or in the higher districts; but it would not be wise to risk it in 
localities where the temperature is liable to fall below 60° F. 

The seed-coat is of remarkable thickness, and very hard, and the natural process of germination 
occupies, it is said, more than a year. All that is necessary to hasten this, is to assist the seed-coat 
in splitting, which is best effected by holding the seed firmly, and rasping off with a file both edges 
at the radicular end, recognized externally by possessing at its side a flat two-lobed appendage, 
technically known as the caruncle. It is best not to file off the actual end, as the radicle of the 
embryo may then be injured. After this treatment, properly performed, the young plant appears 
above ground in 2-3 weeks. The seedlings require no particular attention. They grow rapidly, 
and may be finally planted out at distances of 20 ft. The trees at Peradeniya (Ceylon) flowered at 
the age of 18 months ; at 2J years, the larger ones formed branching frees about 25-30 ft. high, 
with a stem 1 ft. 9 in. in circumference, at a yard from the base, and a smooth, silvery, birch-like 
bark, readily peeling off. The best system of tapping the trees under cultivation has yet to be 
proved. Some improved methods are described later on in the present article (see p. 1666). 

This rubber is considered almost next to Para in value, being dry, very elastic, and free from 
stickiness; its one drawback of containing wood and other foreign matters, in such quantity as to 
cause a loss of often 25 per cent, in washing, may doubtless be altogether removed by the exercise 
of care in the collecting. 

Central American. — The Central American, Cartagena, and Guayaquil rubbers are yielded 
chiefly by the uU (Castiiloa elasticd), a lofty tree with a trunk 8 ft. diam., found in Mexico, Guatemala, 
Salvador, Honduras, Nicaragua, Costa Kica, Panama, the W. coast of S. America down to Guaya- 
quil, and the slopes of Chimborazo, as well as in Cuba and Hayti. This extensive geographical 
range shows the tree to be capable of existing under considerably varied climatic conditions. The 
forests in which it grows are usually at or near sea-Ievel, but it has been observed at an elevation of 
1500 ft. on the Pacific coast. The soil is various, but the tree avoids marshy or boggy laud, and 
manifests a preference for warm, deep loam 
or sandy clay, and it especially affects the 
margins of small running streams, where it 
occurs in little groups. A moist climate and 
high equable temperature are essential ; the 
trees thrive best in dense, steaming, hot forests, 
and are particularly abundant where it rains 
during 9 months of the year, and the tempera- 
ture ranges between 75° and 88° P. A second 
smaller species, C. Markhamia, also occurs in 
Panama. 

In Panama, the usual method of collecting 
the milk is by felling the tree, and then 
making deep notches around the trunk at distances of about 1 ft. apart, as shown in Fig. 1174. Broad 
leaves placed beneath the notches receive the milk, which is afterwards collected in a large cala- 
bash or other vessel, poured into a hole in the ground, and thatched over with leaves, where it 
coagulates in about 2 weeks. Another plan is to bruise a handful of the leaves of the Ipomcea bona 
nox, and stir them about in the milk, which is thereby thickened in about an hour to a jelly-like 
porous mass, profusely exuding a black ink-like water when touched. The article thus produced is 
inferior. It is sometimes sliced into flakes 1 in. thick and sun-dried. In Nicaragua, it is found 
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that though the tree yields the juice at all seasons, the best time for tapping is April, when the old 
leaves begin to fall aud the new ones appear. During the rainy season, May-Septeraher, the rich- 
ness of the juice diminishes. From that time till January, the rains decrease, the milk increases in 
richness, the tree prepares to flower, and the fruit appears in March, during which month and the 
succeeding one the milk contains the greatest proportion of rubber, the diflerence amounting to 60 
per cent, more in April than in October. A tree about 18 in. diam. (probably 6 years old) tapped 
skilfully in April will yield some 20 gal. of milk capable of giving 50 lb. of rubber. This is a 
maximum figure, and the average is somewhat less. A tree of 20-30 ft. to the first branches is 
expected to aflbrd 20 gal. of milk, and each gallon of milk to render 2 lb.-2 lb. 2 oz. of good dried 
rubber. By the Panama system of destroying the tree, the produce often amounts to 1 00 lb. of 
rubber from a tree. The Nicaraguan mode of tapping is as follows. The collector ascends the tree 
by climbers or a ladder as high as possible, and then commences a series of incisions with a sharp 
machete or axe in one of two ways. One is to make a long vertical cut, with diagonal cuts running 
into it, as in Brazil ; the other is by encircling the tree with spiral cuts at an inclination of 45° ; if 
the tree be large, two such spirals are made, either crossing or parallel with each other. At the 
bottom of the trunk, an iron spout is driven in, and the milk is received into iron pails. In the 
evening, the milk is freed from foreign matters by passage through a sieve, before transference to 
the barrels in which it undergoes coagulation. This last condition is brought about by the addition 
of plant-juices, notably that of the achete {Ipomaea bona nox), as in Panama. The plant is collected, 
moistened with water, and bruised, and the juice, after straining, is added to the milk, in the pro- 
portion of 1 pint to 1 gal. After this operation, the rubber appears as a soft mass floating in a 
brown fluid, aud smelling like new cheese. The ma&s is pressed under a plank or iron roller into a 
tortilla or cake, usually weighing about 2 lb. when dry, and representing 1 gal. of milk. When 
the achete or other suitable plant is not procurable, water in the proportion of 2 to 1 is added to the 
milk, and the whole is allowed to stand for 12 hours. The residue which separates from the water 
is poured into underground vats and left to dry for 12-14 days. Sometimes the milk is simply 
poured on a prepared spot of ground, and the watery portion left to evaporate or disappear as it 
may ; the rubber, when outwardly dry, is pressed to remove balsas or bubbles of watery liquid. 
Slabs made in this way are sometimes o.dled meros. The rubber which is allowed to dry in the 
iron spout conducting from the tree trunk is rolled into balls, and called cabezza; that which dries 
in the wounds on the tree is termed bola or burucha, and is esteemed in New York. The loss by 
drying (merma) is estimated at about 15 per cent. A recent traveller in Central America states 
that the ule tree “yields many gallons every 2 years;” but in Panama, the tree is totally destroyed 
in obtaining the milk, and elsewhere the tapping is said to be so injuriously done as to be little 
better than immediate destruction. 

There are several commercial. varieties of the rubber obtained from Castilian spp. Cartagena 
rubber arrives from New Granada (Colombia) in black sheets f in. thick, having a somewhat rough 
or “ chewed ” appearance, and more or less “ tarry ” or sticky. It also occurs in strips or scraps 
pressed together in bags. It loses about 35 per cent, of its weight on drying. Guayaquil rubber 
comes from Ecuador in large flakes and lumps, the better quality being whitish coloured, while the 
inferior is porous aud saturated with a foetid black liquid. Its loss by washing sometimes reaches 
40 per cent. This and the preceding kind gochiefly to America. Nicaragua rubber, which mostly 
reaches the same market, loses only 15 per cent. Vjy drying. The best of the Central American 
rubbers is that known as “ W. Indian,” not from its being produced in the W. Indies, but coming 
in steamers saUiug thence. It consists of blocks which, in the first quality, are formed of thin separ- 
able sheets, and, in the second, of conglomerated “ scraps ” with fragments of bark. Honduras 
rubber is of good quality, and free from “ tarry ” matter. Guatemala rubber is one of the lowest 
and least regular kinds; the best specimens are whitish, while the “lower” are black and “ tarry.” 
This rubber arrives in sheets compacted together, whence a thick resinous fluid exudes on pressure ; 
this fluid, on evaporation, leaves a hard resinous substance unaffected by steam. 

The wasteful and deotructive local methods of collecting the milk of tliis genus are causing its 
rapid extermination in the countries where it is indigenous. Attention has been directed to its 
naturalization in our tropical possessions, but though the plant is of rapid growth, it will scarcely 
thrive in regions that are not equally suited to the Hecea spp., and its rubber is much inferior. It 
has been introduced successfully in Ceylon, Singapore, and Perak. With regard to its culture, it 
may be observed that trees in good situations will produce seeds early, but these need to be planted 
without delay, as drying destroys their vitality. Flowering occurs in January, and the fruits ripen 
in April (in Brazil). Stout branches, cut into pieces, each possessing a bud, and covered lightly 
with soil, will generally be found to grow. Strong cuttings 1 ft. long and furnished with buds, 
planted in the usual way, sooner develop strong plants. But the propagation of this tree is not 
reckoned so easy as that of the Ceara rubber {Manihot Glazkmii). In setting out young plants, the 
petiole or leaf stalk of the lowest or oldest leaf should be buried in the soil ; this simple device 
ensures the immediate and vigorous growth of the plant, and a symmetrical stem. When the 
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planting leaves much bare stem above ground, the growth is slow, the plant long remains “ leggy,” 
and never forms a good tree. The plant has the curious habit of dropping its young branches, 
which disarticulate by a regular joint, and leave a clean sear on tlie surface of the stem. It is 
believed that after 6 years, the trees might be judiciously bled every 3 years. 

Para. — Para rubber, which is second to none in importance, is afforded by several species of 
Bevea \_Siphiynia], the most important being H. hrasiliensh, H. guianensis, and B. Spruceana. These 
trees inhabit the dense, steaming forests on the Amazon and its tributaries, other species replacing 
them in some of the adjacent countries, e. g. H. paiuilfolia in British Guiana, where Prestoe believes 
it will be found in considerable abundance. Brazil is being gradually but surely denuded of its 
rubber-trees, collectors being now driven to the Tocantins, Madeira, Purus, and Negro rivers in 
search of supplies. A recent traveller states that, in Bolivia, extensive rubber forests are at 
present profitably worked on the Lower Beni, and it is natural to suppose that they exist to an 
equal extent on the Mayutata and Aquiry ; those on the Mamore and Lower Itenez, though giving 
rubber of a superior quality, do so in less quantity. 

In the Para district of the Lower Amazon, the temperature varies between 71° and 95° F., the 
mean of the year being 81° F. ; the supply of moisture is also very regular. On the Upper 
Amazon, the atmosphere is densely vapour-laden. The soil frequented by these trees is extremely 
rich mould. The trees will grow on the terra firme when planted, but their seeds naturally lodge 
in lowland swamps. All the species flourish best on rich alluvial clay slopes by the side of 
running water, whire there is a certain amount of drainage; those growing on land which is 
periodically inundated (even to a depth of 5 ft.) are more prolific than those on very low or on 
elevated ground. 

The methods adopted for tapping the trees are described at length by Cross. The collectors 
begin work immediately at daybreak, or as soon as they can see to move about among the trees. 
Rain often falls about 2-3 o’clock in the afternoon, so the tapping must be done early, as in the 
event of a shower, the milk would be spattered about and lost. The collector, first of all, at the 
beginning of the dry season, goes round and lays down at the base of each tree a certain number 
(3-12) of small cups of burnt clay. On proceeding to his work, the collector takes with him a 
small axe for tapping, and a wicker basket containing a good sized ball of well-wrought clay. He 
usually has likewise a bag for the waste droppings of rubber, and for what may adhere to the 
bottoms of the cups, these promiscuous gatherings being termed sernainby, and forming the “ negro- 
head ” of the English market. The cups are sometimes round, but more frequently flat or slightly 
concave on one side, so as to stick easily, when, with a small portion of clay, they are pressed 
against the trunk of the tree. The contents of 15 cups make about 1 pint. Arriving at a tree, 
the collector takes the axe in his right hand, and, striking in an upward direction as high as he 
can reach, makes a deep upward sloping cut across the trunk, which always goes through the 
bark, and penetrates 1 iu. or more into the wood. The cut is 1 in. in breadth. Frequently a 
small portion of bark breaks ofif from the upper side, and occasionally a thin splinter of wood is 
also raised. Quickly stooping down, he takes a cup, and pasting a small quantity of clay on the 
flat side, presses it to the trunk close beneath the cut. By this time, the milk, which is of 
dazzling whiteness, is beginning to exude ; if requisite, he smooths the clay so that the milk may 
trickle directly into the cup. At a distance of 4-5 in., but at the same height, another cup is 
luted on ; and so the process is continued, until a row of cups encircle the tree at a height of about 
6 ft. from the ground. Tree after tree is treated in like manner, until the tapping required for the 
day is finished. This work should be concluded by 9-10 o’clock in the morning, because the milk 
continues to exude slowly from the cuts for three hours, or perhaps longer. The quantity of milk 
that flows from each cut varies ; but if the tree is large and has not been much tapped, the majority 
of the cups will be more than half-full, and occasionally a few may be filled to the brim. But if the 
tree is much gnarled from tapping, whether it grows in the rich sludge of the gapiS (inundated land) 
or on dry land, many of the cups will be found to contain only about a tablespoonful of milk, and 
sometimes hardly that. On the following morning, the oper.ition is performed in the same way, only 
that the cuts or gashes beneath which the cups are placed are made 6-8 in. lower down the trunks 
than those of the previous day. Thus each day brings the cups gradually lower, until the ground 
is reached. The collector then begins as high as he can reach, and descends as before, taking care, 
however, to make his cuts in separate places from those previously made. If the yield of milk 
from a tree is great, two rows of cups are put on at once, the one as high as can be reached, and 
the other at the surface of the ground ; in the course of working, the upper row descending daily 
6-8 in., while the lower one ascends the same distance, tlie rows in a few days come together. 
When the produce of mOk diminishes in long-wrought trees, two or three cups are put on various 
parts of the trunk, where the bark is thickest. Although many of the trees of this class are large, 
the quantity of milk obtained is surprisingly little. This state of things is not the result of over- 
tapping, as some have stated. Indeed, CrosS believes it impossible to overtap a tree, if, in the 
operation, the wood is not left bare or injured. But at every stroke, the collector’s axe enters the 
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wood, and the energies of the tree are reqnired in forming new layers to cover those nnmerons 
wounds It has been supposed that the quality of the milk is better in the dry season than during 
the rains In the rainy season, the mUk probably contains a greater proportion of water : but, on 
the other hand, a larger quantity of milk then flows from the tree. No doubt the dry season is 
the most suitable for rubber collecting, although, wherever a plantation is provided with a 
preparing-house, convenient tapping may certainly be always carried on when the weather is fine. 
It ^ a common report that the trees yield the greatest quantity of milk at full moon. Even if this 
were found to be true, it would probably make Uttle difference, as tapping must be carried on when 

circumstances are most favourable. , « « 3 a av tt 

There are two other methods adopted in tappings which are chiefly confined to the Upper 
Amazon and its tributaries. Both are exactly on the same principle, the materials us^ being 
only a little different. The loose outside bark of the tree is cleaned off to a height of aW 3 ft. 
Beneath, a gutter or raised border of clay is pasted or luted to the trunk, enclosing one-half or the 
entire circumference. Cuts are thickly made in the bark above this, from which, the milk flows 
down to the gutter, whence it is conveyed to faU into a calabash conveniently placed. The other 
mode is by winding round the trunk the stout flexible stem of a cUmber, and claying it round 
securely so that no milk may escape between the trunk and the climber. These plans are not 
extensively adopted, and can only be successfuUy put in practice where the trees have not bwn 
previously tapped. There is always a great deal of “ negrohead,” the result of the distance the 
milk has to run, and of the large quantity of clay employed in the process. The res^ctive 
methods are illustrated in Figs. 1175, 1176, 1177. Fig. 1178 shows the exhausted tree in a state of 

‘'‘“"coing from tree to tree, the collector empties the contents of the cups into a large calabash, 
which he carries in his hand. As he pours the milk out of each cup, he draws his thumb or 
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forefinger over the bottom to clean out some which otherwise would adhere. Indeed, a small 
quantity does remain, which is afterwards pulled off, and classed as semamby. The cups, on being 
emptied, are laid in a little heap at the base of each tree, to be ready for the following morning. 
The trees occur at various distances (10-100 yd.) apart, and it is surprising that the natives have 
not yet seen the advantages that would be derived from forming plantations, whereby more than 
twice the quantity of rubber might be collected in one-fourth the time, and at far less cost and 
labour. 

The common method of preparing the rubber is represented in Fig. 1179. The jars a are 18 in. 
hio-h, and the bottoms are broken out. At the base, they are 7 in. diam., bulging out in the 
middle to 12 in., and narrowed at the mouth to a breadth of 2 in. Where a number of men are 
collecting for one master, much larger jars are in use. The milk, on being put into a large flat 
earthen vessel b, is placed on the floor in a convenient position. Adjacent thereto, the jar is set on 
three small stones which raise it to IJ in. above the floor. The narrow space between the base of 
the jar and the floor allows the entry of air, which causes a current of smoke to ascend with 
remarkable regularity and force. When the fire commences to bum strongly, several handfuls of 
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nuts (preferably urucuri \^Attalea excelsd], but failing them, those of Euterpe edulis and other palms), 
are put on, then some more wood and nuts alternately. The latter are dropped in at the month of 
the jar, until it is filled to within 4 in. of the top. Due care is taken that a sufficient proportion of 
wood is put in with the nuts. The mould c on which the rubber is prepared resembles the paddle 
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of a canoe ; in fact, at many places on the Amazon, this is the article most frequently used, if there 
is much milk, and the rubber is prepared in bulky masses. Occasionally the mould is slung to the 
roof, as the weight in handling it during the process would otherwise be very fatiguing. A little 
soft clay is rubbed over it to prevent the rubber from adhering, and it is afterwards well warmed 
in the smoke. The oper- 
ator holds the mould 
with one hand, while 
with the other he takes 
a small cup and pours 
two or three cups of milk 
over it. He turns it on 
edge for a few moments 
above the dish, until the 
drops fall, then quickly 
places the flat side 2 in. 
above the jar mouth, 
and moves it swiftly 
round, as if describing 
the form of a cipher, 
with his hand, so that 
the current of smoke 
may be equally distri- 
buted. The opposite 
side of the mould is 
treated in the same way. 

The coating of milk on 
the mould, on being 
held over the smoke, 
immediately assumes a 

yellowish tinge, and although it appears to be firm on being touched, is yet found to be soft and 
juicy, like newly-curdled cheese, and to be sweating water profusely. When layer after layer has 
been repeated, and the mass (“ biscuit ”) is of sufficient thickness, it is laid down on a board to 
solidify ; in the morning, it is cut open along the edge on one side, and the mould is taken out. 
“Biscuit” rubber, when fresh, is often 4-5 in. thick. On being hung up to dry for a few days, it 
is sent to market. The rapid coagulation of the milk seems to be simply produced by the high 
temperature (about 180° F.) of the smoke. Cross thinks that with a strong current of heated air, 
or a good pressure of steam from a pipe, or by putting the milk in shallow vessels, and evaporating 
the moisture by the heat of boiling water, a similar result would be obtained. The finely divided 





1664 


EESINOUS ANB GUMMY SUBSTANCES. 


particles of soot which form a large proportion of the smoke undoubtedly absorb a considerable 
amount of moisture, although at the same time forming an impurity. 

A more modern method of preparing the milk is by treatment with an aqueous solution of alum, 
and subjecting the coagulated mass to pressure, in accordance with Strauss’ proposition. This 
plan is said to be in favour, as being capable of performauce at a distance from the unhealthy 
locality where the milk is produced. The proportion of alum solution required is very small, but 
varies with the character of the milk. The latter should be previously strained free from 
extraneous matters. Coagulation ensues in 2-3 minutes. The rubber is then exposed to the air on 
sticks, and allowed to drain for 8 days. It is sometimes subjected to expression. The drawback 
of the process is the “ wetness ” which the rubber acquires from the presence of saline particles, 
which are never completely removed by pressing. 

The excellent quality of this rubber has commended the plant to the attention of agriculturists 
in India and elsewhere. The result of experiments hitherto seems to be favourable to its esta- 
blishment in Ceylon, Malabar, S. Binma, Zanzibar, and Jamaica, but not in Central and N. India. 

The propagation and planting may generally be combined in one operation, the object being to 
reduce the expense, simplify and accelerate the work, and promote the more perfect development of 
the primary roots and trunk. The green-coloured terminal shoots of succulent growth, with the 
leaves fully matured, make the best cuttings. These should be cut off low enough, so that there is 
a joint at the base. When it is desirable to plant in dry firm land, a spadeful of soil should 
be turned over at each place, and the cutting planted in a sloping position. It should be 
covered with mould to within 3 in. of the point. The portion above ground should rest on the 
earth on one side of its termination, so as not to suffer during hot sunshine. In all stages, the 
crowns of the pLmts may be exposed to the rays of the sun. Plants intended for cutting stocks 
may be planted in open places, in the richest dark loam capable of producing a luxuriant rank 
crop of sugarcane. Seeds might be pfanted out permanently at once, also in the same way as the 
cuttings. These would prosper much better if at the time of planting a handful of wood-ashes 
were added to the soil with each seed. Good ashes may be obtained by the burning of any 
description of green wood or newly-felled piece of forest. If the wood is allowed to rot before 
burning, almost the whole of the fertilizing principle will be found to have vanished. If stored in 
a damp place, the value of the product is diminished. For planting on inundated lands, the 
period of high flood should be preferred. Cuttings of greater length would be required in this case, 
the lower end of which should be sliced off in the form of a wedge. The workman could take a 
bundle of these, and, wading into the water, would plant at proper distances, but perfectly upright, 
taking care to push each cutting down deep enough in the soft muddy bottom, so that not more 
than 3-4 in. is above the surface of the water. The same rule would be applicable when planting 
in sludge or soft marsh land. The crowns of the cuttings must not, if possible, be put under 
water, as the young growths springing therefrom might rot. Seeds will not be found very 
applicable for planting in watery places or deep mud deposits. Some would come up, but a good 
many would mould and decay. In the varied course of circumstances and conditions, slight 
changes and modifications in the methods of working will no doubt suggest themselves. 

Para rubber occurs in commerce in t wo forms : — “ biscuits,” prepared as described on pp. 1 622-3, 
containiug about 15 per cent, of water ; and rounded balls of “ negrohead,” containing 25-35 per cent, 
of woody fragments, and other impurities. Occasionally an intermediate quality called “ entrefine ” 
appears. Adulteration is sometimes practised by the addition of the juice of the cow-tree or 
massaranduba (^Mimusops elati), 

PEBiVAMBrco OR M.VNGABEIRA. — The mangaba^ mangaheiraj or mangabiba tree (^fT'incornia speciosd), 
a native of the high plateaux of S. America, between 10° and 12° S. lat., at 3000-5000 ft. elevation, 
afibrds a kind of rubber. The inhabitants of Pernambuco are now developing the supply of this 
article, which is collected by making oblique cuts penetrating the bark round the trunk, and 
attaching receptacles thereto. The juice is coagul.ited by Strauss’ method (see above), and after 
30 days’ drying, is sent to market in cates and barrels. It occurs in the form of “ biscuits ” and 
‘‘ sheet.s.” Like all rubber coagulated by saline solutions, it is very “ wet,” and does not rank high 
in value. It may he remarked that these trees do not seem to have suffered from the recent 
droughts in Brazil. Further, that the rubber might be much improved in quality by a better 
method of preparation. 

Other Euebers. — There are a few other rubbers which are prepared as articles of commerce, 
but as yet scarcely known in British markets. “ Palay ” rubber is obtained from Cryptoitegia 
grandiflom, a common plant on the coast of India. In Chittagong, it is furnished by Willughheia 
edulis and W. mart’ihanica. Sumatran rubber is yielded by W. prima, and is exported to Holland. 
Malacca rubber is ascribed to TJrceola elastica. The rubber of the Malay Archipelago is attributed 
io Ahtonia costulata and A. scholaris-, and Fijian rubber is produced \>y A. plumosa. In N. Aus- 
tralia, rubber has been procured from Ficus rmcrophylla and F. rubiginosa ; the latter is hardy, and 
has been recommended for culture. 
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Many other plants afifbrd juices \»hich coagulate on exposure, and bear more or less general 
resemblance to indiarnbber. They may possibly be utilized when better known. They are chiefly 
as follows : — Ficus anthelmintica, the cuaxinduha of Brazil ; F. Doliaria, the copavh-u^ of Brazil ; 
F. elHptica, of S. America ; Cecropia peltata, of Tropical America ; Artocarpus incisa, the bread-fruit 
tree, in Malaysia and Oceania ; Gatactodendron [Brosmiuni] utile, in S. America, especially Vene- 
znela ; Lactm-ia cajocarpa and L. Moorei, of New South Wales and Queensland ; Tahemcemmtana 
spp., in New South Wales, Queensland, and Malaysia ; Plumarkt phagwdccnica, the sucuuba of Para 
(Brazil) ; Camerana latifolia, in Cuba ; Gymnema lactiferum, of Ceylon ; ChryBophyllum spp., of 
Brazil; Sideroxylm spp., of Malaysia; Kakosmanthus macrophyllus, cf Java; Imbricaria coriacea,of 
Mauritius, Madagascar, and Java ; Ceratophorus spp., of Malaysia ; Macaranga tomentosa, of the 
E. Indies ; Sapmm scoparium, of the Antilles ; Hippomane Mancinella, of Tropical America ; Euphor- 
bia corollata, in Canada. 

Commerce. — The commerce in rubbers, which may be said to be a growth of the last 25 years, 
has now attained great importance. Our imports of indiarubber (termed “ caoutchouc ’’ in the 
Returns) were 158,692 cwt., value 1,536,660?., in 1876 ; 159,723 cwt., 1,484,794?., in 1877 ; 149,724 
cwt., 1,313,209?., in 1878; 150,601 cwt., 1,626,290?., in 1879; 169,587 cwt., 2,387,947?., in 1880. 
The imports of 1880 were contributed as follows : — Brazil, 76,466 cwt., 1,297,373?. ; W. Coast 
Africa, foreign, 22,922 cwt., 276,741?,; Straits Settlements, 11,582 cwt., 114,989?.; Bengal and 
Burma, 10,264 cwt., 114,416?.; B. Coast Africa, 9382 cwt., 129,886?.; W. Coast Africa, British, 
7271 cwt., 86,669?. ; Aden, 6720 cwt., 84,780?. ; British S. Africa, 4620 cwt., 42,653?. ; Portugal, 
3871 cwt., 55,804?.; United States, 3799 cwt., 48,039?.; Central America, 2410 cwt., 29,005?.; 
Holland, 1576 cwt., 17,269?. ; Mauritius, 1550 cwt., 19,927?. ; New Granada (Colombia), 1024 cwt., 
12,165?. ; other countries, 6100 cwt., 58,251?. ; total, 169,587 cwt., 2,387,947?. Our exports in 1880 
were as follows: — United States, 21,941 cwt., 282,894?.; Germany, 18,921 cwt., 269,086?.; Russia, 
16,189 cwt., 261,252?. ; France, 9920 cwt., 112,597?.; Holland, 7182 cwt., 101,068?. ; other countries, 
2579 cwt., 36,878?. ; total, 76,732 cwt., 1,063,775?. 

A review of the fluctuations in the supplies during the past 5 years shows the following facts. 
Holland sent us 2651 cwt. in 1876, 1059 in 1878, and 1576 in 1880. Portugal : 3329 in 1877, 2285 
in 1879, 3871 in 1880. Portuguese W. Africa : 3881 in 1877, 1822 in 1878, 5248 in 1880. Portu- 
guese E. Africa : 617 in 1876, 131 in 1877, 1497 in 1880. Fernando Po : 241 in 1876, 52 in 1877, 
277 in 1878, 117 in 1879, 248 in 1880. W. Coast Africa: 16,841 in 1876, 9632 in 1878, 17,426 in 
1880. E. Africa (native states): 1263 in 1876, 7855 in 1880. Madagascar: 32 in 1876, 83 in 

1877, nil in 1878, 110 in 1879, 501 in 1880. Borneo: 15 in 1876, none since direct. Central 
America : 5425 in 1876, gradually falling to 2440 in 1880. Mexico : 62 in 1876, 291 in 1878, 50 in 
1880. New Granada (Colombia) : 3398 in 1876, gradually falling to 1024 in 1880. Venezuela: 
521 in 1876, 354 in 1877, 710 in 1878, 482 in 1879, 986 in 1880. Brazil : 80,828 in 1876, 90,917 in 

1878, 76,466 in 1880. Gambia and Sierra Leone: 2827 in 1876, 5641 in 1877, 3808 in 1879, 7104 
in 1880. Gold Coast : 585 in lfl76, 12 in 1879, 167 in 1880. Cape : 774 in 1876, 2120 in 1877, 
1431 in 1878, 4620 in 1880. Aden: 2494 in 1876, 1254 in 1878, 6720 in 1880. Mauritius: 1790 
in 1876, 570 iu 1879, 1550 in 1880. Bengal and Burma: 12,990 in 1876, 9260 in 1878, 10,264 in 
1880. Straits Settlements : 7615 in 1876, 5436 in 1878, 11,582 in 1880. 

The exports of Bornean rubbers are included under guttapercha (pp. 1653-4). Of Brazilian 
ports, Ceara, in 1878, sent 40,377 kilo, to England, 258 to Hamburg, and 74 to Havre. Panama (in 
Colombia) sent 23,128?. worth of rubber to the United States in 1879. Costa Rica exported 
27,854 lb. of rubber iu the year ending Apr. 30, 1879 ; the quantities in previous years had been 
57,213 in 1875, 59,427 in 1876, 90,576 in 1877, 78,231 in 1878 ; the shipments from the port of 
San Jose in 1880 were.llj tons, 2078?. Ecuador exported 7059 quintals, value 24,707?., in 1877: 
6561 quintals, 22,963?., in 1878 (of which, 5853 went to the United States, and 708 to England); 
5.394 quintals, 33,564?., in 1879; 7995 quintals, 59,972?., in 1880; in 1873, the exports were 16,365 
quintals. Guatemala, in 1879, exported 1873 lb. to Belize ; the value was 262 dol. ; in 1877, the 
value was 2723 dol. The exports from British India were 15,893 cwt., 108,645?., in 1875 ; 15,258 
cwt., 97,861?., in 1876 ; 13,308 cwt., 90,169?., in 1877 ; 13,794 cwt., 89,381?., in 1878 ; 10,033 cwt., 
61,685?., iu 1879. The exports from the Lakhimpur district in 1871 were 260 tons, value 8340?. 
Assam exported 11,000 maunds (of 82 lb.) in 1873, and Sikkim 700. The exports from Java were 
704 piculs (of 135J lb.) for the 1876 crop ; 15 to Holland and 10 to Singapore for the 1877 crop ; 
47 to Holland and 15 to Singapore for the 1878 crop; 135 to HulLmd and 58 to Singapore for the 
1879 crop. Tlie values of exports of rubber from Madagascar to Mauritius have been 37,458?. 
in 1873, 21,452?. iif 1874, 14,539?. in 1875, 9770?. in 1876, 4672?. in 1877. The Venezuelan exports 
were 2545 lb. in British vessels, and 53,403 Ib. in American, in 1878 ; and 27,563 lb. in American 
vessels in 1879. Mozambique exported 443?. worth in 1873, 22,198?. in 1876, aud over 50,000?. in 
1879 ; the figures have now probably reached their maximum, until roads shall have been made 
into the interior. 

Values. — The approximate relative market values of the principal commercial rubbers entering 
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London are as follows : — ^Para, fine, 2-3s. a lb. ; negrohead, Is. 6<l.-2s. 6d. Central American, 
Is. 6d.-2s. 6d. Assam and Pegu, 9d.-2s. 6d. Other E. Indian, ls.-2s. 6d. Madagascar and 
Mozambique, Is. 3d.-2s. 8d. 

Sujyested Improvements in Collecting and Preparing Pubbers . — The time of year at which the sap 
ascends to the flowers has an effect on the quantity of rubber yielded. Too frequent tapping 
causes each successive yield to be less rich in rubber and more watery, and permanently injures 
the trees. Judicious tapping has no ill result. As to the manner in which the tapping should be 
performed, this will vary somewhat according to circumstances. Some remarks on tapping and 
barking other kinds of tree will be found under cinchona (see Drugs, p. 803), manna (see Drugs, 
p. 817), and maple-sugar (see Sugar); also under Copaiba, Gurjun, Peru, Tolu, Turpentines, 
and Varnishes, in the present article. The Brazilian plan of a perpendicular incision, with 
oblique tributary cuts on each side, has much to recommend it. Paring the bark, after the Ceara 
method, might also be advisable. The one great object to be kept in view is the avoidance 
of injury to the cambium layer. This is best effected by using an implement which is so made 
that it can only just remove or penetrate the bark sufBeiently deep to reach the latieiferons vessels, 
residing mostly in the mesophlteum or middle layer of the bark. A modification of the knife used 
in marking standing timber, with the addition of a shoulder to adjust the amount of penetration, 
and a long handle, would probably meet all requirements. A clean cut, as opposed to a ragged 
one, not only heals readily, but keeps the product free from woody impurity. 

The collected milk should be coagulated as rapidly as possible, for decomposition soon sets in, 
and materially modifies the character of the article. Some of the milks keep much longer than 
others without undergoing great change, but the collection of the day would always be best dealt 
with during the same day. It is undoubted that an effectual evaporative process for removing the 
water wUl produce a better article than any of the saline solution methods. A convenient form 
for the prepared rubber is thin (1-2 in.) sheets, which are easily packed into bales, and enable the 
amount of impurity to be readily arrived at. 

Jalap.— See Drugs, pp. 814-5. 

Jumrasi. — This gum has been doubtfnlly referred to Elceodendron panicvldum, a native of 
India. It occurs in roundish tears of variable size, the majority not exceeding J in. diam., exter- 
nally finely rugose, and minutely cracked, with a shining fracture, rather brittle, some tears almost 
coloiuless, others dark reddish-brown, with intermediate shades of amber and brown. It is taste- 
less, and soluble in water, forming a tenacious sherry-coloured mucilage. It is not an article of 
commerce, but deserves attention with that view. 

Jutahy-seca, or S. American Copal. — The so-caUed S. American copal is said to be 
a product of several species of Hgmeneea, TrachylMnm, and Vouapa, but the great bulk of it is 
undoubtedly derived from the W. Indian locust-tree, the algarroha of Panama, jutahy of Brazil, 
and simiri of Guiana (^Hymencea Courbaril). This tree is common in most parts of tropical S. 
America, attaining great size and age. From the bark of the stem, and from the roots, there 
exudes a resin bearing much resemblance to the animi of Africa (see pp. 1640^). It is usually 
infested with insects ; pale-brown, transparent, brittle, of agreeable odour, whence it is employed in 
fumigating and perfumery; its sp. gr. is 1‘ 028-1 -054, according to one authority, or 1-082, 
according to another ; it is readily melted by heat, insoluble in water, but completely soluble in 
boiling alcohol. It is capable of application to varnish-making, like copal, and is universally 
employed in varnishing the native pottery. There is no evidence to show whether the 670 lb. of 
“goma algarroha ” exported from Maracaibo (Venezuela) in 1880, and valued at 167J dol. (of 4s. 2d.), 
was this substance or mezquite, which is also sometimes called algarmba. 

Kauri, Kowrie, Cowdee, or Cawree (Fb., Dammar austral, de la Nouvelle-Zelande ; Geb. 
Kaurie-copal ). — This now familiar resin is afforded by several species of antipodean pines, chiefly 
Dammara australis, and in minor quantity by Z>. mata, D. Cookii, and D. lanceolata, of New Cale- 
donia, and D. Broumii of Queensland. 

D. australis is now to be found growing only in the N.-W. peninsula of the N. island of New 
Zealand, between 34 and 37 J” S. lat., though the fossil resin is found embedded in the soil and 
in the coal-seams in various other parts of the colony, even so far south as Stewart’s Island, showing 
that the tree formerly ranged over the whole colony. 

The largest quantity of marketable kauri is dug out of the ground. It is found at various 
depths, from just above the surface of the soil to many feet below. It is found on bare hill-sides 
on flat clay lands, in swamps, and even in some places that are covered with a more or less thick 
coating of volcanic deloris. Sometimes the fossil resin is found in small detached lumps, and at 
other times large deposits occur in one hole. On cultivated land, it is not unfrequently turned up 
by the plough ; and in many places, the cutting of drains in swamps has revealed large quantities. 
The implements used in digging for the fossil resin consist of a spade and a spear. The spear is a 
long steel rod, about J in. diam., with a wooden handle, like that of a spade or shovel. The rod is 
brought to a point, and the digger pierces it into the ground on the little knolls that indicate the 
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probable gites of defunct treeg. Practice and experience enable him to tell whether he is touching 
a stone or a piece of the resin. When he tenches the latter, he digs around it until it is extricated, 
and then renews the search as before. The number of persons regularly engaged in digging varies 
from 1800 to 3000, the greater part of whom are Maoris, but even they do not show any special 
fondness for the work. They resort to it when they become pressed for food and clothing, on 
account of the failure of their crops, or other causes. Many Europeans have resorted to this kind 
of work, but they belong generally to the roughest class. 

“Young” or recent resin is also obtained from the living trees, whence, at certain seasons, 
there exudes a yellowish-white liquid, of viscous consistence and pleasant odour, gradually harden- 
ing to an amber-like mass. In the forks of the large branches, deposits varying from a few lb. to 
nearly 1 owt. are sometimes met with. When a hanri tree is cut in the bark, even one of the 
largest and oldest, varying in diameter from 6 to 10-12 ft., it will bleed like a young sapling. In 
a few weeks, if the weather be dry, a large mass of half-dried resin will have oozed from the 
wound, not unfrequently appearing in the form of a great thick band, reaching from the wound to 
the surface of the soil around the tree. When a tree is felled, the stump bleeds in a like manner, 
until large masses of resin can be broken off from the stump. This “young” resin is white in 
colour, and has not the rich amber hue which age imparts to it when stored beneath the surface 
of the soil away from tlie action of sun and weather. 

When the fossil resin is taken out of the ground, it is covered with earth, and its surface is 
found to be in a partial state of decay. When the digger is tired of work, he puts his resin into a 
hag, and carries it to his tent or hut, and in the evening, or upon rainy days, he scrapes off the 
decayed surface uulU the clear solid gum beneath is reached. When a sufBcient quantity of it has 
been scraped, it is put into a box or bag, and taken to the nearest store or public house, where it is 
gold for what it will bring. Sometimes the purchaser will assort it, but it is not generally assorted 
till it reaches the city buyer, who employs a large number of skilled hands for that purpose. The 
resin, after it is scraped and assorted, is packed carefully in boxes, so as to prevent the lumps from 
breaking. It is then ready for export. The dust and scrapings are also exported. 

The total exports of the resin from New Zealand rose from 2850 tons in 1869 to 5054 in 1871 
and fell to 2568 in 1874 ; in 1880, they were expected to reach 5500. More than | goes ultimately 
to the United States, being either shipped direct to New York and Boston in sailing vessels or vik 
London. Our imports rose from 36,514 owt. in 1876, to 60,844 owt. in 1880, from New Zealand 
alone ; in the latter year, there were 2916 cwt. additional from other countries, the total bein» 
63.760 cwt., value 192,6581. Some of the resin is used in New Zealand for vamish-makino-, and 
some of the “ young ” resin is consumed as a masticatory by the Maoris. The living foreata are 
rapidly disappearing. The Government has taken no steps for their perpetuation, either by 
conserving or planting ; and at the present rates, it is estimated that 50-80 years will see the bulk 
of the trees destroyed. Tlie question remains, what amount of the fossil resin may be assumed to 
exist, but it is extremely difiBcult to form any correct opinion. Our re-exports of the resin in 1880 
were 22,523 owt,, 62,133/., to the United States; 3334 cwt., 11,941/., to Holland; 2842 cwt 
10.227/., to Germany; 2019 cwt., 7835/., to other countries; total, 30,718 cwt., 92,136/. The 
approximate London market values are ; — Packings and rough, 20-80s. a cwt. ; scraped, 46-97s • 
good to fine scraped, 55-122s. ; selected, 115-200s. ’ 

Kaxiri occurs in commerce in large pieces; the fossil resin is usually pale-yellow or greenish- 
yellow, dirty-brown in inferior samples. The lustre is sometimes opaline ; the fracture is con- 
choiilal and vitreous ; the odour is balsamic, and pronounced and characteristic in recently-broken 
or well-preserved pieces ; the flavour is aromatic and pleasant ; the sp. gr. of the New Zealand resin 
is l-062-l'109, that of the New Caledonian is 1-119. It readily melts and dissolves in boiling 
alcohol, and in turpentine-oil ; also in sulphuric acid, with a red colour. The Maoris burn it to 
obtain a fine black pigment from the smoke, and use it as a masticatory. In Europe and America 
it is chiefly employed for making a varnish rivalling copal, and for giving a gloss to calicoes’. 
Some of the finer specimens are made to replace amber in jewellery, but are le.ss hard and more" 
brittle. It has been used to some extent as a substitute for shellac in photographic varnishes 

Kino (Fb. ATirm; Geb. Xmo).— The term “gum kino” is applied to a class of astringent 
extracts of varied origin, none of which can accurately be called either resins or gums. 

1. J7. Indian or Amboyna A’lno.— This is obtained from Pterocarpus Marsupitm, a common tree 
in the Central and S. parts of the Indian peninsula, and in Ceylon ; and a liquid kind from 
P. indicus, of S. India, Burma, Malacca, Penang, the Andamans, and Malaysia. The collection 
of the juice is effected in the following manner, A perpendicular incision, with lateral offshoots 
is made in the stem of the tree when blossoming has set in, and a receptacle is placed at the 
foot of the incision. The exuding juice appears like red-currant jelly, but it soon thickens by 
exposure to the air, and when sufficiently dried, is packed into wooden boxes for exportation. It 
is one of the reserved timber-trees of the Government forests in Madras, and its juice is collated 
by natives, who pay a small fee for the permission. The hardened juice consists of blackish-red 
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angular, pea-like grains, partially soluble in water, almost entirely in spirit of wine of sp. gr. 0-83?, 
readily in caustic alkaline solutions, and largely in a saturated solution of sugar. The liquid kino 
produces a very inferior article on drying. The annual collection of kino in Madras probably 
does not exceed 1-2 tons. Its approximate London market value is 60-150s. a owt. It is 
employed medicinally (see p. 815), and in the manufacture of wines, and might be employed as a 
source of tannin in dyeing and hinning, if sutBciently cheap. 

2. Butea, Bengal, Palas or Dhak Kino. — This variety is atforded by the palas or dhak tree (Bufea 
frondosa}, common throughout India and Burma, and affording a dyestuff (see p. 867, Tisso), and a 
fibre (see p. 933), as well as by B. superba and B. parviflora. During the hot season, there issues from 
natural fissures and from wounds made in the bark of the stem, a red juice, which quickly hardens 
to a ruby-coloured, brittle, astringent mass. It occurs in small drops or tears, and in flat pieces 
which have been dried on leaves, and is almost always mixed with bark-fragments. It is trans- 
parent, freely soluble in cold water, and does not soften in the mouth. It is unknown in European 
commerce, but is employed in India as a substitute for the kind first described. 

3. African or Gambia Kino. — This is derived from Pterocarpus erinaceus, a native of Tropical 
W. Africa, from Senegambia to Angola. The jnice exudes naturally from fissures in the bark, bnt 
more abundantly from incisions, and soon coagulates to a blood-red and very brittle mass, known 
to the Portuguese of Angola as sangiie del draijo (“dragon’s-blood”). It is practically undis- 
tinguishable from the officinal kind first described, but is not a regular article of commerce. 

4. Australian, Botany Bay, or Kucalyptus Kino. — Several species of Eucalyptus afford astringent 
extracts, those from the “ red,” “ white,” or “ flooded ” gum (£. rostrata), the “ blood-wood ” 
(E. corymbosa), and E. dtriodora, being quite suitable for replacing the officinal kind. It is chiefly 
obtained by woodcutters, being found in a viscid state in flattened cavities in the wood, and soon 
becoming inspissated, hard, and brittle. Minor quantities are procured in a liquid state by 
incising the bark of living trees, forming a treacly fluid yielding 35 per cent, of solid kino on evapo- 
ration. It is imported from Australia, but there are no statistics to show in what qnantity. 

Kos. — This name is applied in Ceylon to a yellow, viscid, milky juice obtained from the jack 
tree {Artocarpus integrifolid). 'While some accounts describe it as furnishing bird-lime, and there- 
fore somewhat resembling guttapercha, others compare it with the babul variety of gum arabio 
(see p. 1632). 

■Wiesner describes a resin, whicB he calls “ dammar selo,” as a product of this species in 
Singapore. It occurs in fragments and masses, often containing woody refuse. Freshly- 
fractured pieces are sulphur-yellow. The sp. gr. is 1’099: the melting-point, 132° (2691° F.). 

Lac, Gum Lac, Shellac, Stick Lac (Fb., Laque ; Geb,, Lack).— hsto is a resinous incrus- 
tation formed on the bark of the twigs and branches of various trees (all, it is believed, yielding 
more or less of a gummy, resinous, or saponaceous fluid) by the “ lac-insect ” {Coccus Lacca). The 
incrustation is cellular, deep-red or orange-coloured, semitransparent, hard, and breaking with a 
crystalline fracture. The substance is mainly formed by the female insects, which generally far 
outnmnber the males. Each female inhabits a cell, and the incrustation seems intended to serve as 
a protection for her progeny. As soon as she is completely covered by the secretion, the female 
lays her eggs, and dies. The young, when hatched, work their way out through the body of the 
mother, eating the red substance with which her body is filled, and thus assuming the hue which 
gives them their value in dyeing. Having pierced the resinous incrustation, the young swann on 
to the bark, and at once commence secreting lac. The insect never wanders from the branch to 
which it first attaches itself, and this, after affording nourishment to millions of the insect, 
decays ; but the extinction of the species, which thus seems inevitable, is remedied by the frequency 
and distance to which the insect is transported by other insects and by birds. Artificial propaga- 
tion is also now well understood, and described further on (see p. 1669). 

The Indian trees frequented by lac, or on which it will attach itself, are very numerous. The 
following list is probably far from being exhaustive : — Acacia arabica and A. catechu. Aleurites 
[Croton) lacciferum, Anona squamosa, Butea frondosa and B. superba, Carissa spinarum, Celtis Box- 
burghii, Ceratonia siliqua, Croton Draco and C. sanguiferum, Dalbergia paniculata and D. latifolia, Eriolasna 
• Eookeriana, Erythrina indica and E. monosperma, Feronia elephantum, Ficus cordifolia, F. elastka, 
F. glomerata, F. indica, F. infectoria, F. religiosa, F. venosa, and F. villosa, Garrnga pinnata, Gordonia 
floribunda, Inga dulois, Kydia calycina, Lagerstrcemia parviflora, Mangifera indica. Mimosa cinerea, 
Nephelium Litchi, Ougeinia dalbergioides, Prosopis spicigera, Pterocarpus Marsupium, Schleichera trijuga, 
Shorea laccifera and S. robusta, Spathodea Bheedii, Tcctona grandis, Termiiialia tmnentosa, Yatica 
laccifera, Vismia laccifera and F. micrantha, Zizyphus jujuba and Z. Xylopyrus. The quantity and 
quality of the resinous secretion vary considerably according to the tree on which it is found. The 
best is confined to three trees, the palas or dhak {Butea frondosa), the peepul {Ficus religiosa), and 
the koosum {Schleichera trijuga). The last-mentioned tree is said to produce two crops annually 
(April-June, and October-December) in the Central Provinces of India, and its lac is reported to 
keep good for 10 years, while that of the others lasts 2 years only. 
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In India, lac occurs in Bengal and Assam (abundantly), the N.-W. Provinces and Oudh 
(sparingly), the Central Provinces (abimdantly), the Punjab, Bombay, Sind, and Madras (more or 
less sparingly), and Burma (abundantly in some places). Lac is also found in some other 
countries of S. Asia, — Siam, Ceylon, some of the islands of the E. Archipelago, China, — Siamese 
lac being held in high estimation. In India, the best lac is obtained from Assam and Burma. 
The quantities produced and utilized vary greatly in different provinces, according to circum- 
stances, certain forests being rich in lac, which has hardly been touched, owing to difiSculty of 
access, and cost of carriage to the place of’manufacture and port of shipment. In Bengal, lac is 
produced abundantly in the jungle tracts of Beerbhoom, Chota Nagpore, and Orissa. In various 
places in the forests of Assam, it is also found in large quantities, and forms a regular article of 
trade, a portion of the production being manufactured at Dacca, and the rest sent to Calcutta. 

The lowest average yearly supply from the Pooroolia district in Chota Hagpore is 15,000 
tmunds, the actual yield being considerably more, and capable of great extension. From Singh- 
boom, in 1867, about 1250 maunds of lac were exported. In the Gya district, the supply is 
estimated at 12,000 maunds ; in Kamroop (Assam), about 5000 mmnds, with great capacity for 
development ; in Hazaribaugh, 2000 maunds. These figures probably do not by any means 
approximate to the actual yield of the districts named. In Bengal, lac is gathered twice a year — 
from mid-October to the end of January, and from mid-May to mid-July. In the X.-W. Provinces, 
lac is obtained in some quantities from the Garhwal forests ; and, some years ago, was largely 
exported to the plains. It is probable that most of the lac now brought down from Garhwal is 
consumed in the local manufacture of toys and ornaments, and that very little, if any, is for 
exportation from Calcutta. In the Punjab, the production of lac is universal, but it is much 
inferior in quality to the lac of Central India or Bengal. In Sind, lac is only found in the forests 
about Hyderabad, 12 mites north and south, but in these abundantly. In the other forests of the 
province, it either does not exist at all, or in such small quantities that its collection does not pay. 
The cause of its occurrence near Hyderabad is worthy of investigation. It is found on the babool 
(Acacia arabica)^ and is gathered from October till April-May. This tree seems while in full 
vigour to be exempt from the attacks of the insect ; it is chiefly infested when in the semi-dry 
state, and is not unfrequently killed outright. The lac produced in Sind is largely used in the 
manufacture of the well-known lacquered ware of Hyderabad. In Oudh, lac is gathered in the 
more wooded parts of the S.-E. districts (Roy Bareilly and Partabgurh) from various species of 
Ficus, especially F. religiosa. It is exported to the Mirzapore factories and elsewhere. Large 
supplies might also be procurable from the N. forests, but the collection might be unprofitable, 
owing to the want of manufactories within a reasonable distance. Government obtains half the 
produce in quantity or value from the gatherers. All the districts of the Central Provinces produce 
lac, but it is particularly abundant in the E. parts. Large quantities are consumed in the towns 
_iu the manufacture of bracelets and other articles, but most districts also export it to a greater 
or less extent. These provinces could readily supply 25,000 tons of stick-lao annually. Most of 
the lac produced in the Jubbulpore district is consumed in a European factory in the town. It 
also comes to Jubbulpore and Mirzapore in large quantities from Eaipore, Bilaspore, Saugor, and 
Mundla. In Mundla, the right of collecting lac from the Government jungles has been leased to 
the owners of the Jubbulpore factory. In Sumbulpore, a Mirzapore firm (European) has for a long 
time practically held the monopoly of lac collection. Boorhanpore and Bombay receive supplies, 
though in small quantities, from the Nerbudda and Nagpore divisions. In the Hoshungabad 
district of the Central Provinces, the chief mart for lac is at Sobhapore, others of importance being 
Hoshungabad and Babai. Into Sobhapore, lac is imported largely from Bankheri, Puttehpore, and 
some of the hills on the other side of the Nerbudda, and from some of the jungles of the 
Nursinghpore district. Hoshimgabad and Babai receive lac from the malgoozaree jungles and the 
hills beyond the Nerbudda, while it comes to Hnrda and Seonee from the jungles of the 
Hoshungabad and Betul districts. The lac-collectors are mostly jungle tribes, who sell the produce 
in small quantities to Patwas, who again sell it in larger quantities to the regular dealers. 

Much has been done in the Central Provinces of India in the way of propagating or cultivating 
lac. In forming preserves for this purpose, the first point to be considered is the species of tree 
which it will be desirable to utilize for the nurseries. The choice should fall (first) upon that or 
those found in greatest plenty, assuming they are adapted to the purpose, and (second) upon that 
which yields the best product. Of the trees previously named, the light-golden resin obtained from 
the koosum is the finest, as from it the most valuable orange shellac is manufactured ; next in 
quality is that obtained from the palas, which yields the garnet lac of commerce. Wherever 
possible, therefore, the koosum tree should be chosen for standards ; but as the paias is generally 
found in much greater numbers, area for area, its produce will nearly compensate in quantity for 
the reduction in its value. 

Having selected the forest for experiment, the next point to fix on is the local date on which 
the insects leave the parent colls, a step of great importance, and one on which the first success 



1670 


EESmOUS AND GUMMY SUBSTANCES. 


of the plantation will very greatly depend ; as, should the worfc of gathering brood lao he delayed 
until visible proof of the exit of larvse is obtained, a vast quantity will be killed in the operations 
of collection, transport, and tying the encrusted twigs on the standards selected for the nurseries. 
The date of evolution having been fixed on with some certainty, twigs of that season’s lac should 
be gathered about 15 days before, wrapped up in a few straws of grass, and attached to the trees 
selected for production, with threads of pulns root fibre, or something else as easily obtained ; each 
twig should be 9-12 in. in length, and be attached to the upper and middle branches of the tree. 
The grass tied round the twigs acts as a means of comilmnication from the lao to the branches and 
leaf petioles, by which, many insects are saved that would otherwise die from want of nourishment, 
for, owing to the crookedness and irregularities of the incrustations, contact between them and the 
branches is seldom complete. It is also of importance to tie tliC brood lac to the upper and middle 
branches, as many of the lower ones, by this arrangement, become covered with insects, which are 
shaken or fall from above ; whereas, if the lac be attached to the lower portion of the tree, many 
larvse must fall to the ground and be lost. When attaching the twigs, it appears necessary to take 
care that the wood of the standard is not of denser composition than the wood of the tree from 
which the brood lac is gathered, as it is believed that the larvse reared on soft-wooded trees are 
comparatively weaker than those which are found on species of harder texture. The brood lac 
yielded by the ioosum, a very hard-wooded tree, appears best suited for propagating purposes, as it 
succeeds on trees of all other species. When several trees of the selected species grow together, it 
does not appear necessary at first to artificially cultivate more than | of them, as, during the 
succeeding evolution, the remaining J will almost certainly be brought under preparation by 
natural means ; but as the success of the crop depends principally on the supply of juices obtained 
by the female insects during the period they continue to deposit the resin, it is necessary to place 
the brood lac on the youngest and most sappy branches. 

Of the points to be noted in making preserves, the one of greatest importance, perhaps, is the 
fact that the lao incrustations may be plucked several days before the larvae appear, — a knowledge 
of which will enable a larger number of trees to be prepared during one working season than if it 
was necessary to delay the operations untU the evolution actually took place, as, owing to this 
latter being nearly simultaneous in and about one locality, the period for forming the plantation 
would be necessarily limited to the number of days it took for the cells to become empty ; besides 
which, by attaching the lao twigs before the birth of the larvaj, great numbers are saved, which 
would otherwise perish during the process of being attached to the trees. Experiment has proved 
that the incrustations may be gathered 2-3 weeks before the exit of the young, by which, as before 
explained, much better results will be obtained than if it was necessary to delay the work until this 
event took place. The date of exit varies considerably in forests separated by comparatively short 
distances. These difierences arise less from the latitudes of the forests than from certain local 
conditions. There is much reported variation in the number of evolutions, and consequently in 
the number of crops which are obtained, in different countries. In Mysore and Burma, it would 
appear that three evolutions take place during the year. In the Central Provinces, only one good 
crop in a year can be hoped for. 

After the larvse appear, they crawl about the stems of the plant in search of young juicy spots, 
from which, when once fixed by their probosces, they cannot be removed without fatal injury. The 
male and female are identical in size and shape, and both commence at once the formation of their 
cocoons by excreting a substance resembling lac, those of the males being ovoid or elliptic in form, 
while those of the females are more circular, and exhibit three distinct apertures arranged in tri- 
angular fashion in their roofs, — one being the anal aperture through which impregnation is 
accomplished, and the larvss eventually swarm ; the other two, those by means of which the insect 
obtains a supply of air. About ten weeks after birth, an important change has taken place in the 
larvse ; the female cocoons are completed, and the insects have assumed the final or imago state ; 
as the female remains fixed in the position she first took up on the twig, the male is obliged to seek 
her, which he does by leaving his cell in a backward manner to the ventral aperture, and craw lino- 
on to the female cells, where he fulfils his oflSce, and almost immediately after dies. This exit of 
male insects is a fact well to know, as, owing to the smallness of the animal and his superficial 
similarity to the original larva form, it is possible for a novice to mistake such an evolution for one 
of young larvaj, and to commence gathering the twigs under the impression that a new birth of the 
latter had taken place. If the lac is plucked before or immediately after impregnation has been 
accomplished, the females must perish from being cut oif from their sap supplies, and, as a natural 
consequence, the young brood must be destroyed with them. Impregnation having been accom- 
plished, the female busies herself in sucking up large quantities of vegetable juices, increases 
greatly in size, and begins the excretion of the true lac. The females must be attached to young 
twigs by which bountiful supplies of fluid will be supplied them, otherwise they will die, or never 
become fully developed, the lac cells will be small in consequence, and the eggs will sufier in 
number and condition. This no doubt is the reason why, in districts where the seasons are dry. 
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- and where showers are of nnfreqnent occurrence during the hot weather, the summer crop is 
invariably poor and scarcely worth collecting. Moisture is one of the great essentials for a fine 
crop of lac, and many disappointments result from fixing on dry arid spots for the formation of the 
plantations. The females cannot obtain snfiicient nourishment at this period from the sapless 
stems, and their death will be recognized by the pitted appearance assumed by the cells, the crowns 
of which fall in as the insect contracts within them, and by the cessation of the growth or dis- 
appearance of the white filaments which obtrude from the spiracular orifices. Species such as 
koosum and gaoler {Ficus glomerata), which most frequently are found growing along the banks of 
rivers, where the atmosphere is humid, are, for these reasons, especially adapted for yielding good 
crops of lac; while the palas offers advantages, as its sap-producing functions are actively 
employed during the hottest season of the year, when it forms both new wood and leaves. 

Besides the damage brought about by fires, drought, and frost, which to some extent can be 
guarded against, there are other enemies to the crop which are still more difficult to contend with. 
Ants, both large and small, attend the female cells for the purpose of licking up the sweet excre- 
ment ; they appear to hurt the insect by biting off the ends of the white filaments, and thus bringing 
many an occupant of the cells to a premature end by stopping the supplies of breathing-air, which 
the filaments serve to convey through the holes in the lac. Where ants are seen about the lac, it 
never appears healthy, and many cells are found with the insect dead inside them. The lae whilst 
on the tree is also attacked by the larva of a moth, which appears to be a species of Galleria. It 
eats the juicy females of the coccus, and bores through the lac cells ; it is found both in the field 
and the store-room. A second species appears to belong to the genus Tinea. These insects destroy 
the colouring matter contained in the females, and also aU hope of a brood of young from the cells 
visited by them. At present there seems to be no way of protecting the lae from their depredations. 
The ants, however, may be circumvented in two ways, — either by surrounding the trees with wood 
ashes, or with something sufiBciently attractive to draw their attention away from the incrustations. 

It seems possible, owing to the great drain made on the sap of the young branches by the 
insects, that considerable damage will be found to result to the trees on which they are propagated, 
and that it will be necessary at some future time to fix a limit to the continuous cultivation of 
lae on the same tree ; at any rate, it will probably be found beneficial to both lac and free if a 
regular system of pruning be carried out, to encourage the formation of young twig or branch 
wood. 

In Mysore, lac is produced in all three divisions, but chiefly in Nundidroog, and is found most 
commonly on Vatica laccifera. The insect thrives well in Mysore, and it might by cultivation be 
raised to any extent on trees growing on barren soil which would otherwise yield no return. The 
carob tree (Ceratonia siliqm), which is about to be introduced into Mysore, will probably, if it will 
succeed in the province, be found well adapted to this purpose. It will flourish in dry and stony 
soil, and the lac insect seems to be much attached to it. The supply of lac in the province is large, 
and could no doubt be considerably increased. Apparently the lac produced in Madras and Mysore 
is consumed locally, for the exports from Madras are next to nothing. 

The mode of propagation in Mysore is as follows : — The insects are applied to the branches of 
the trees ( Vatica laccifera) 3 times in the year, the old branches with the insects on them being 
lopped off, made into small bundles, and tied up to fresh branches. Tlie insects then begin to build 
their cells on the branches, and continue occupied for about 3 mouths. When this period has expired, 
the young leave their abode. This opportunity is carefully watched, the insects are secured for 
further use, and the lac-covered branches are gathered, each tree producing on an average seers. 
The insects are invariably applied to immature trees or saplings, as the old trees do not contain 
snfiicient sap for their nourishment. It is as much artificially propagated, or cultivated, as any 
other raw material for manufacturing purposes. If it takes to a tree not considered suitable for 
elaborating the colouring matter and gum, it is removed thence, and placed upon others where it 
thrives better. In Central India, the application of “ seed ” to a new tree takes place in 'June for 
the November crop, and in October for the April crop. If the seed is placed on a congenial tree, 
the produce does not deteriorate from the same seed being left any time on the same tree, so 
long as the tree retains its vigour. It has been successfully propagated after a transport of some 
hundreds of miles. 

The vast forests of British Burma are capable of producing an almost unlimited quantity of lac ; 
but hitherto the largest portion of the quantity available for shipment has been brought from 
Upper Burma aud the Shan States, and the principal market is found in Calcutta, where the rough 
stick-lac is manufactured into shell-lac for export. The product is, to a small extent, procurable in 
the hill tracts of Arakan, and with encouragement it is susceptible of development. Prizes have 
been offered to the people to stimulate the propagation of the insect, and State plantations have 
been formed at Toungoo, and Magayce, with success, while another at Sittang has quite failed. 

The Padoung Karens, beyond the N.-E. frontier of Burma, carry on the production of lac upon 
a large scale, and in a systematic manner. In Ass.vm, a small quantify of lac is produced in the 
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district of Darrang. In some districts, the insect is artificially reared on the jhuri tree (fteus 
eordifolia). 

In its raw condition, inemsted around the twigs of the tree on which the insect feeds, lac is tech- 
nically calle<i “ stick-lac.” The twigs are generally, for convenience of transport, cut up in lengths 
of 2-3 in., and it is probable that a great deal of material is wasted in this process. The objects of 
the manufacturer are: — (1) To separate the resinous incrustation from the wood ; (2) to free the 
resin from the colouring matter ; (3) to convert the resin into what is known as “ shell-lae’’; (4) to 
form from the colouring matter cakes of dye known as “ lac-dye.” As generally practised, these 
processes are conducted in a primitiye manner. The first step is to strip the twigs of their covering 
of lac’, for which purpose, they are placed under a roller on a platform ; the roller being rapidly 
passed over them, the coating comes off, leaving only a small portion adhering, which requires hand- 
picking for its separation. The wood is rejected. The separated lac is reduced by rolling or other 
simple means till it will pass through a moderately coarse sieve, say J-in. meshes. It is next placed 
in large tubs half-full of water, and is washed by coolies, who, standing in the tabs, and holding on 
to a bar above by their hands, stamp and pivot about on the heels and toes, until, after a succession 
of changes, the resulting liquor comes off clear. The lac (now “ seed-lac ”), having been dried, is 
placed in long cylindrical bags of cotton cloth of medium texture, and about 10 ft. long and 2 in. 
diam. These bags, when filled, are taken to an apartment where there are a number of chvhs, 
or open charcoal furnaces. An operator grasps one end of the bag in his left hand, and slowly 
revolves it in front of the fire ; at the same time an assistant, seated at the other end of the bag, 
twists it in the opposite direction. The roasting soon melts the lac in the bag, and the twisting 
causes it to exude, and drop into troughs placed below, which are often only the leaves of Agate 
americana. When a sufficient quantity in a molten condition is ready in the trough, the operator 
takes it up in a wooden spoon, and places it on a cylinder, some 8—10 in. diam.; sometimes the 
cylinder is of wood, the upper half being covered with brass ; in some places, the freshly-cut, smooth, 
cylindncal stem of the plantain is used for this purpose ; or the cylinder may be of porcelain, filled 
with some heat-absorbing material. The stand which supports the cylinder gives it a c-^'ning 
direction away from the operator. Another assistant, geilx. a woman, now stepi^orward with 
a strip of Agave in her hands, and with a rapid and dexterous ai„w of this, the lac is spread at once 
into a sheet of uniform thickness, which covers the upper portion of the cylinder. The operator 
cuts off the upper edge with a pair of scissors, and the sheet is lifted up by the assistant, who waves 
it about for a moment or two in the air, till it becomes quite crisp. It is then held up to the h'ght, 
and any impurities (technically “ grit ”) are simply punched out of the brittle sheet by the finger. 
The sheets are laid one upon another, and, at the end of the day, the tale is taken, and the c^ief 
operator is paid accordingly, the assistants receiving fixed wages. The sheets are placed in packing- 
cases, and, when subjected to pressure, break into numerous fragments. In the fresh state, the 
finest quality has a rich golden lustre. These sheets and fragments form the “ shell-lac ” or 
shellac ” of commerce. 


Button-lac differs from shellac only in form. Instead of being drawn over a cylinder, the 
melted lac is allowed to fall upon a platfv'. and assumes the shape of large, flat, gingerbread-nuts, 
about 3 in. diam. and i in. thick. The ma.^ifacture of lac-dye is described on pp. 861-2. 

Elliott Anplo, of Cossipore, has adopted improved methods and machinery in his factory. The 
first of these is in the washing department, where steam-driven cylinders with internal rotating 
arms are used. The macerated seed-lac is melted in closed steam-heated vessels, with addition of 
rosin, which is said to act as a flux and a preventive of burning, and subsequently to evaporate. 
The cylinders for making shellac are formed of zinc, and maintained at an equable temperatui-e 
by internal pipes supplied with tepid water. Lac is frequently adulterated with orpiment, which 
imparts a fine yellow colour; and very largely (up to 50-60 per cent.) with common rosin. The 
latter may be readily detected by its odour on breaking the mass. The chief grades are “ fine 
orange D C,” “ liver,” “ garMt,” “ native leaf,” and “ button.” The approximate relative market 
values in London are Orange, 65-200s. a cwt. ; liver and native orange, 65-175s • garnet 60- 
155s. ; button, dark to middling, 60-180s. ; button, good to fine, 70-200s. ; seed-lac, 80-90s. ; stick- 
lac, Siam, 45-140S. In India, lac is used chiefly in the manufacture of various trinkets. In 
Europe, it is largely employed in the preparation of spirit- varnishes, cements, lithographic ink and 
sealing-wax, and as a stiffening for hats. White shellac is usually kept in water by which means 
its capability for solution is preserved. This property is lost within a fortnight of its preparation’ 
by exposure to the air ; within the period, it is readily soluble in naphtha or “ finish ” 

The trade in lac is extensive. Our imports of seed, shell, stick, and dye lac have been 
98,855 cwt., 530,017/., in 1876 ; 100,442 cwt., 395,831/., in 1877 • 79 593 cwft 273 923/ 
in 1878; 51,159 cwt,, 179,305/., in 1879 ; 58,081 cwt., 369.317/.,’ in ’l880 The imports 
of 1880 were contributed as follows Bengal and Burma, 54 179 cwt 347 998/ • other 
^untries 3902 cwt 21,319/. ; total, 58,081 cwt., 369,317/. Our imports ’from ’Ben’gal and 
Burma feU from 95,0o8 cwt., in 1877, to 47,368 cwt. in 1879. and only recovered to 54.179 cwt. in 
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1880. Our imports from the Straits Settlements fell from 5228 cwt. in 1876, to 541 cwt. in 1879, 
and only recovered to 832 cwt. in 1880. Onr re-exports in 1880 were : — To the United States, 
14,389 cwt., 70,223/. ; Germany, 10,458 cwt., 61,542/. ; Holland, 4200 cwt., 23,336/. ; Bussia, 
2801 cwt., 16,319/.: France, 2653 cwt., 17,946/.; other countries, 4124 cwt., 21,984/.; total, 
38,625 cwt., 211,360/. It is necessary to repeat that alt these figures include lac dye. The Indian 
exports, excluding lac dye, were 68,264 cwt. in 1875, 92,915 in 1876, 109,661 in 1877, 95,075 in 
1878,83,162 in 1879. The relative proportions of the several kinds in 1875-6 were Shellac, 
80,645 cwt. ; stick-lac, 207 cwt. 

There remains to mention under this head the discovery of the same or a very closely allied 
insect, capable of affording the same product, in some portions of the United States. The plants on 
which the insect has been found are Acmia Greggii, and the creasote bush, stinkweed, or etiontio 
(Jjarrea mexicana). These plants flourish abundantly from S. Utah to New Mexico, and from the 
Colorado Desert to W. Texas, wherever the rainfall amounts to 3 in. annually. The second species 
is particularly common on the hills bordering the Gila, and on the sandy wastes adjacent to Tucson 
and Camp Lowell, in Arizona. With care and cultivation, there seems to be no reason why 
these natural resources should not be developed so as to render America independent of foreign 
supplies of shellac. 

Idg;num aloes. — See Perfumes— Agar, pp. 1523-4. 

Iiiquidambar. — See Storax, pp. 1682-3. 

Mahogany.— The mahogany tree, Swietenia Mahogani (see Timber), under cultivation in Bom- 
bay, afibrds an abundance of a superior silvery-looking gum, of which no use seems to be made. 

Mango.— On wounding the bark of the mango {Mangifera indica), which is common everywhere 
in India, there exudes a soft, reddish-brown gum-resin, hardening by age, and much resembling 
bdellium. It is often mottled in such a way as to lead to its confusion with asafoetida (the king 
variety), or with amygdaloid benzoin. It has a strong and persistent odour of ripe mangoes, 
and emits a smell of roasting cashew-nuts when burnt in a candle-flame. It dissolves partially in 
water, and completely in spirit. It is used medicinally by the natives of India. 

Mastic or Mastich (Fr., Mastic-, Geb., Mastix). — The lentisc or mastic shrub (Pistacia 
Zentiscus) is a native of the Mediterranean coast region, including Spain, Portugal, Italy, Greece, 
the islands on the Turkish coast, Syria, Morocco, and the Canaries. Formerly the resinous exuda- 
tion was collected from the plant in Cyprus, and experiment has proved that it might easily 
be obtained in some of the other members of the Archipelago, yet the production is now exclusively 
confined to the island of Scio (Chios). The mastic country of Chios is usually flat and stony, with 
little hills intervening, and few streams. The principal villages engaged in the industry are 
Calimassia, St. Georges (S. of Anabato), Ne'nita, Mesta, and Kalamoti, besides about a dozen 
of minor importance. The shrubs are about the height of a man. The bark of the stems 
and branches contains resin-ducts, which require but slight incision to provoke exudation. About 
June-August, the bark of the stems and chief branches is thickly scored with vertical cuts, 
the operation being renewed 3-4 times during the period. The exudation flows freely, hardens, and 
dries, so thatjibout 15-20 days later it can be collected in little baskets lined with white paper or 
The ground beneath the shrubs is kept hard and clean, so that accidental 
' spoiled. The small quantity spontaneously exuded by the lesser branches is 
A fine tree may yield a total of 8-10 Ib., but a shower of rain during the 
ous results ; frosts are very injurious to the trees, but of rare occurrence, 
mastic:— (1) “Cake” is composed of large pieces, and is considered 
■t is sold chiefly for use in the seraglios, all Turkish women chewing 
liastres (of 2</.) per ofe (of 2 '83 lb.), and even more. (2) Large tears 
j piastres. (3) Small tears or pearls fetch 70-85 piastres, and are used 
.c mixed, with fragments of leaves and with sand is consumed in the 
, urkish liqueur called raki or ** mastic brandy.” 

j.ale-yellow or slightly greenish, the colour deepening with age ; they are either 
i, or washed and glassy externally and transparent internally. They are brittle 
fracture, and a turpentinous balsamic odour, and are readily distinguishable from 
ling and kneading in the mouth. The sp. gr. is 1 • 04-1 • 07 ; the softening-point 
.10° F.), the melting-point, I05°-120° (221°-248° F.). The resin dissolves°in half 
ito . pure warm acetone, and slowly in 5 parts clove-oil. The medicinal use of mastic in 

Europe is axhing of the ^st, and the little that arrives hero is employed in varnish-makino-. All 
the good qualities are consumed in the Levant. Chios exported 28,000 lb. “ picked ” and 42,000 lb. 
“ common ” mastic in 1871. The approximate London market value is 2s. 6t/.-4s. Qd. a lb. 

In the Indian bazars, another mastic is met with, which is afforded by Pistacia cahulica 
and P. Khinjuk, trees found growing all over Sind, Beluchistan, and Afghanistan. The better 

qualities much resemble Chian mastic— being sold as micstagi-rumt (“ Boman mastic ”) in India 

and sometimes appear in the European markets as “ E. Indian ” or “ Bombay ” mastic. 
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The Arab tribes of N. Africa collect the resin of P. atlantica (see Turpentine — Chian, p. 1687), 
and use it as mastic. 

The term “ Cape mastic ” has been applied to the resinous exudation of the resin-bush 
or harpuis-bosch {Euryops multifdus), growing plentifully at the Cape, notably in the ClanwilUam 
district, and utilized by the colonists. 

The product exported from Manilla as “ gum mastic ” is probably dammar (see p. 1644). 

Mezquite, Mesquit, or Mosqueit. — ^The mezquite tree {Prosopis ghrulwlosn) is a native of 
the W. States of America, ranging from the Canada river southwards into Mexico, appearing in 
Texas, not far from the coast, and constituting the most abundant tree as far west as Colorado and 
the Gulf of California. It frequents dry and elevated situations where scarcely anything else will 
grow. Other species are named P. dtilds and P. jutijlora. From natural fissures in the bark of 
the stem and br.inohes, there spontaneously exudes a gum which can hardly be distinguished from 
Acacia gums (see Arabic, pp. 1630-3, especially Senegal), and is quite suitable for replacing tliem. 
As it exudes, it concretes into tears and lumps of various sizes, ranging in colour from pale-yellow 
to dark-amber. It is very brittle and pulverulent, and has a brilliant fracture. The quantity 
yielded by one tree is 1 oz.-3 lb., the best being from the branches ; it might probably be much 
increased by judicious incising. As much as 12,000 lb. of the gum has been gathered in one 
year in Bexar county, Texas, and a like quantity between that and the coast. It is sent to San 
Francisco from the Mexican ports of the Pacific, and has recently been exported. The commercial 
value of the finest Mexican gum is about Is. a lb. 

Mocliurrus, Muclierus, Mojms, or Klocliras. — This is an astringent, gummy exudation, 
forming irregular, inflated, hollow, dark-brown excrescences on the Salmalia malahacica, and 
apparently a result of a diseased action, whose origin has not yet been investigated. It is used 
medicinally by the natives of S. and W. India, mainly for its astringent qualities. 

Moringa..— Moringa gum is afforded by Moringa pterygosperma (see Ben-oil, pp. 1378-9), and has 
sometimes been confounded with michurrus. The samples vary in colour from red and pink to 
almost white ; and in shape, from stalactitic pieces to tears. It is insoluble in water. It is obtained 
in great quantity, and has been proposed as a substitute for tragacanth, but its colour would pro- 
bably be an obstacle. About 8 • 3 per cent, of the natural gum is soluble in alcohol, and 7 • 85 of the 
remainder in ether, while the residue is almost completely dissolved by alkalies. 

Myrrh (Fb , Myrrhe ; Geb., Myrrhe'). — The sources of myrrh have been a puzzle to generations 
of pharmacologists, and though the recent labours of Wykeham Perry, Capt. Hunter, and Dr. 
Tiimen ha\e helped to remove some of the doubt surrounding the subject, there is still abundant 
scope for further research. That myrrh is afforded by one or more species of Pals-imodendron seems 
certain. The greater part, the myrrh proper (“African" or “Turkey" myrrh), called mdr by 
the Arabs, niulmid by the Somal, and hira-bdl in India, is ascribed to B. Myrrha, the didthin of 
the Somal, which Trimen thinks may prove to be identical with the Indian B. Berryi. But there 
is a second kind of myrrh, holding an intermediate position between true myrrh and the bdelliums, 
once known as “ E. Indian myrrh,” the bissa-bdl of Indian commerce, and hnhaghadi of the Somal 
and Arabs ; this has been referred by Holmes to B. Kafal. A third variety ofjasrrrh, called 


“Arabian” by Hanbury, is obtained in the country lying E. of Aden, from "'I'crs 

considerably from B. Myrrha, and which the Kew authorities are inclined tq^p d- 

samum, and identical with Berg’s B. Ehrenberqianum. 

The geographical distribution of myrrh-yielding plants is, of course, sijP 
distinct districts may be named as the probable sources ; — (1) Somali-lap ards 

from Cape Gardafui and Berbers ; (2) the triangle included between" na ; 

(3) the neighbourhood of Ghizan, on the Arabian shore of the * 

(4) the Arabian coast country stretching E. of Aden. The variety of \ i,y 

each locality is not a matter of certainty. It is generally supposed, hmt, 

(hira-hot) is obtained from the first-named district, and brought from the Wt 


Ogadain, and Agahora, many trees being found also on the hot sunny declivitn 

called Ahl or Serrat mountains, at 1500-3000 ft., and a few on the hills behind 

The hissa-bol variety would seem to be chiefly the product of Harrar and the cour ' 

notably the district S.-W. of Zeila, the Adal desert, and the jungle of the Ha-'' 

plant has been called B. Ehrenbergianum, and identified by Oliver with B. Opo>j. 

yielding plant found by Schweinfurth on the Bisharrin mountains of Abyssinia, but Scu „ urth 

does not admit the identity. The “Arabian” myrrh is produced in t)ie Fadthli country, some 

40-60 miles E. of Aden. The article locally known as hotai or hocithai, derived from B. Pluyfairii is a 

bdellium rather than a myrrh, and has been described under the former name (see p. 1637)'. It 

must be admitted that future research may prove the varieties of myrrh to be due to differences in 

soil, climate, and time and mode of collection, as much as to specific dissimilaiity in the plants 

themselves. 

The secretion of the gum-r-sin, according to Marchand’s examination of B. Myn-ha, is mainly 
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in the cortical layers, with a little in the medulla. Exudation takes place spontaneously, incisions 
never being made in the plants, though bruising with stones is sometimes resorted to, according to 
Johnston. It escapes from the bark after the manner of cherry-gum, having at first an oily and 
then a buttery consistence, and changing its colour while hardening from yellowish-white to 
golden and finally reddish. It is brought into commerce chiefly by way of Berbera, an B. African 
port nearly opposite Aden, where it is bought by Banian traders at the great annual fair in 
November- January, and shipped largely to Bombay. The crude article thus exported, having 
been collected by ignorant and careless natives, contains all qualities of myrrh, mixed with 
bdelliums and other foreign resins and gums, and various impurities such as bark and stones. At 
Bombay, a certain amount of sorting is done, the best samples coming to Europe, the commoner 
going to China for burning as incense ; this sorting is carelessly performed, and needs to be supple- 
mented by a second one here. The article is first sifted to remove the small fragments, and is then 
hand-picked, yet the greatest care cannot prevent the occasional presence of spurious gums, even in 
the beat grade. 

Myrrh may be distinguished from its impurities by its fracture, odour, and flavour. Com- 
mercial myrrh (hira-bdl) may he conveniently divided into “ soft ” and “ dry,” though brokers do 
not recognize any such distinction. The soft kind occurs in irregularly roundish masses, varying 
in size from small grains to pieces as large as hens’ eggs ; it has a dull, waxy fracture, and is 
readily impressed by the finger-nail, emitting an oily exudalion. The fracture often shows 
whitish markings, either in narrow curves concentric to the side which was attached to the tree, or 
broad streaks, but never exhibiting cracks filled with transparent resin, characteristic of bissa-bol. 
The fragrant odour of myrrh is quite sui generis-, the flavour is similar, aromatic and slightly 
bitter; the colour varies from deep reddish-brown to almost colourless, the palest being most 
esteemed. Tiny transparent tears sometimes appear on the usually powdery surface; they are 
due to the resiniflcation of oil which has been exuded. Soft myrrh, beaten in a mortar for some 
time, forms a greasy paste, and cannot be powdered. Dry myrrh exists in irregular lumps ; its 
fracture is couchoidal and shiny, resisting the finger-nail, and giving no oily exudation ; in odour 
and flavour, it agrees precisely with soft myrrh ; the white markings of the latter are absent. It 
contains a much larger proportion of gum (75 per cent.). It is possible that the same tree may 
afford both soft and dry myrrh at different seasons. Parker has shown that the one is not 
converted into the other by long exposure to the air. In external appearance, bissa-bol is much 
like soft myrrh ; the fracture is waxy, yielding to the finger-nail, and exuding on oily matter ; 
but the whitish markings are traversed by angular interstices filled with transparent reddish- 
brown resin or gum-resin; and its powerful aromatic odour is quite unlike that of true myrrh, and 
has been compared with the odour of apples and of “ lemon-lollipop,” and with the flavour of the 
spring mushroom. It is possible that this is the addi or “ false myrrh ” of a recent traveller in 
Somali Land (Georges Ee'voil), which he describes as being of the same colour, but more powerful 
odour, and easy of recognition from its always appearing oily. The main constituents of myrrh 
are some 40-75 per cent, of gum, 23-45 per cent, of resin, and a very uncertain quantity of 
essential oil. The gum is soluble in water; the resin partially in alkalies and carbon bisulphide, 
completely in chloroform and alcohol. The gum separated in making tincture may be used tor 
making a common mucilage. 

The principal exports of myrrh take place, as before stated, from Berbera; but several other 
ports participate in a minor degree. The drug is shipped from all parts of the Somali Coast to 
Mokha, Jedda, Aden, Makulla, the Persian Gulf, India, and China. Georges Kevoil mentions 
3 ports on the Medjourtine coast as receiving it for shipment: — Bender Gasem, 30 bohars (of. say 
300 lb.) annually; Borah, 3 bohars annually; and Haffofin, 25 bohars in 1877. This is mainly 
bissa-bol, of which, Bombay, in 1872-3, received 224 cwt. from Aden, and shipped 138 cwt. to China. 
Some also finds its way overland to Brava (about 1° N. lat.) and Zanzibar. Aden exported 
1439 cwt. of myrrh in 1875-6, about J going to Bombay, and i coming direct to the United 
Kingdom. The Bombay imports of hira-bdl in 1872-3 were : — 16 cwt. from the African coast, 188 
from the Bed Sea, and 290 from Aden; the exports were 546 cwt., 493 being to the United 
Kingdom. Shanghai imported 331J piculs (of 133i lb.) of myrrh from Hong Kong in 1879. The 
approximate London market value of myrrh is 140 -240s. a cwt. for good to fine, and 60-190s. for 
ordinary to fair. It is used largely in medicine, though possessed of no important powers ; and in 
perfumery. In India, bissa-bol is given to milch-cows and buffaloes to improve the milk-yield, and 
is used as a size and in incense. 

Other Balsamodendron products are described under Balm of Gilead and Bdellium, pp. 1636-7. 

Nagdana or Loban. — The resin bearing these names is produced by an undetermined 
species of Burseraceous tree in India. It has a deep transparent red colour, and exudes very 
freely during the hot months (March-April), much finding its way into the earth, and there 
concreting, to be dug up long after the tree has disappeared. Large masses are sometimes found 
after a forest fire. 
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Olibanum (Fe., Encens ; Gbb., Weilu-avLcK). — The ignorance concerning the origin of myrrh is 
eqnally prevalent in the case of olibanum. The results of the very attentive study which Capt. 
Hunter has long devoted to the subject may be summarized as follows. There appear to be 
five different kinds or grades, two of which bear dissimilar names in E. and W . Somali Land. The 
names given are : — (1) Mohr ad or mohr iafod, (2) mohr madao, (3) mokr dadbed or jnohr as, (4) kardon^ 
(5) yegaar. (1) Tlie first is obtained in strips sometimes 1 ft. long, though the ad is never so long 
as the lafod-, the plants yielding it are found on the coast range, especially near water-courses. The 
Kew authorities consider the lafod plant to be probably a smooth-leaved form of Boswellia Carterii, 
while the ad plant is identified with B. Bhau-Dajiana, which may be itself an extreme form of 
B. Carterii. (2) The madao tree is comparatively rare, and its product is not highly esteemed, as it 
is sticky, and apt to discolour and depreciate other kinds when mixed with tliem. (3) Dadbed and 
as are reddish-coloured, and afforded by a tree which is “ common near the sea,” but quite unknown 
to botany. (4) The hardon kind is but little valued, and is only added to the others as a make- 
weight ; the tree is alleged to be rare, growing isolated on hill-tops. Nothing is known of it 
scientifically. (5) The produce of the yegaar or gehar plant {Boswellia Frereana) is kept quite dis- 
tinct from the four preceding kinds (which are indiscriminately mixed), and is known as mati or 
ItAan-mati (variously spelt) ; it is likened by Capt. Hunter to the product of a Socotran tree called 
amiru, which is likewise unknown. 

The region occupied by the trees yielding olibanum or true frankincense is defined by Carter as 
extending over that portion of Somali Land contained between the Sabhan mountains (in 17° 30' 
N. lat., and 55° 23' E. long.) and the town of D.rmkote, in the Bay of A1 Kammar (in 52° 47' E. long.). 
S. Arabia is said no longer to produce any. The plants affect two distinct localities : the Nedjee, 
or high land, 2 days’ journey from the sea ; and the Sahil, or plain on the coast. Capt. Kempthorne 
describes the trees on the coast of Adel as growing without soil, out of polished marble rocks, to 
which they are attached by a thick mass of the weathered rock, the growth of the trees appearing 
to be finer in proportion to the purity of the marble. The young trees are said to furnish the most 
valuable gum-resin, the older yielding a clear glutinous fluid resembling copal varnish. The 
fragrant gum-resin is distributed throughout the bark, leaves, and flowers of the plants. Its 
collection by the Medjourtine [Mijjertheyn] tribe of the Somalis is conducted as follows : — During 
the hot season, commencing about the end of February or beginning of March, the trees are visited 
in succession, and a deep incision is made in the stem of each, a narrow strip of bark being torn off 
for about 5 in. below the wound. After about a mouth, the old incision is deepened ; and after tlie 
3rd month, this is repeated. When the exudation is supposed to have attained the proper consist- 
ence, parties of men and boys go out and scrape the large globules into baskets, making a separate 
collection of the inferior quality which has run down the stems. As first removed from the 
trees, the gum-resin is very soft, but it soon hardens. The collecting is repeated every fortnight 
during the season, the crop increasing as it advances, till mid-September, when the first rain closes 
the year’s harvest, and spoils a portion of the product. The collection of the gum-resin in S. Aiabia, 
is (or rather was, for it is said to be now discontinued) performed by bands of Somalis from 
the opposite coast. Longitudinal incisions are made in the bark in May and December, when it 
appears much distended. The gum-resin issues as a milky fluid, and partly concretes on tho stems 
beneath the incisions, partly falls on the ground. The Arabian article was always considered 
inferior to the African. The present supplies bearing Arabic names are said to be imported from 
Africa into the Arabian ports whence they are named. 

Commercial olibanum fluctuates in quality and appearance. Speaking generally, it is a dry 
gum-resin consisting of long detached tears mingled with irregular lumps, and often with fragments 
of brown papery bark adhering. The colour is pale-yellow or brownish to greenish or nearly 
colourless. The smallest grains even are not transparent, but become so (or nearly so) by heating 
at 94° (201 J° F.). The fracture is dull and waxy, with no trace of crystallization. The gum-resin 
softens in the mouth, giving a turpentinous and slightly bitter flavour ; the odour is agreeably 
aromatic, and much intensified by a high temperature. The composition may be generally stated as 
4-7 per cent, of essential oil, 27-35 of gum, and the remainder of resin. The local classification and 
valuation of olibanum may be approximately given as follows: — (1) Eessous [fasus'], a dry pure 
article, consisting of tears of powerful odour, exported from Ongar, and estimated at 30 dollars (of 
2s. lid.) per bohar (of variously 300, 410, and 450 lb.) ; (2) naghua, less pure, 20 dol. ; (3) wodjendel 
[madjendel, jandut], very impure, containing much bark, 15 dol. ; (4) liban maheri [mascati^ quite 

white, a very rare article, 42 dol. The London market values are about the following : Pale 

drop, 60-90S. a cwt. ; amber and yellow, 40-85s.; garblings and siftings, 15-35s. Tho one 
important use of the gum-resin is for burning as incense. 

Olibanum is shipped from most of the ports of the Somali country, but chiefly from Berbera 
Bunder Mareyeh, and Zcila. The shipments from the Arabian coast between Damkote and 
A1 Emmmar are now unimportant, and said to be merely re-exports (received from African ports). 
The chief destinations of the gum-resin are Bombay and Aden, though Jedda is reported to receive 
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some 12,000?. worth annually by way of the Straits of Bab-el-Mandeb. In 1872-3, Bombay 
imported 18,751 owt., and re-exported 24,461 cwt., of which, 17,446 went to the United Kingdom, 
and 6184 to China. The Chinese imports in 1879 were 1124 pkuh (of 133i lb.) at Shanghai [they 
were 1360 in 1872], and 642 at Hankow. 

There are other resin-yielding species of Boswellia, as follows : — (1) B. pnpyrifera [Flosslea flori- 
hunda], the makar of Sennaar and the mountainous region up to an altitude of 4000 ft. on the 
Takazze and Mareb rivers (Abyssinia), affords a transparent resin, which is not collected, and has 
no apparent value. (2) B. glabra and serrata, especially abundant on the trap hills of the Deccan 
and Satpura range, and readily propagated by cuttings, yield a soft, fragrant resin, which is locally 
used as incense, and called “ Indian olibanum,” or dup salai. 3. B. Frereana. a tree growing on the 
bare limestone hills near Bunder Mareyeh, an important village lying over 30 miles W. of Cape 
Gardafui. The trees are carefully guarded, and sometimes propagated. The resin, the “ Oriental ” 
or “ African ” elemi of older writers, and one of the resins anciently called “ animi,” exudes 
abundantly after incisions (which are made every week during the season), and is collected by 
the Somalis, and disposed of to traders for conveyance to Jedda and the Yemen ports. It occurs 
in detached tears, and in stalactitic masses of several oz., the tears being more esteemed by the 
natives. It has a brilliant conchoidal fracture, an agreeable odour of lemon and turpentine, an 
external, thin, white crust, and generally fragments of the papery bark of the tree adhering. It 
differs essentially in appearance from the other kinds of olibanum. It is largely used by the orientals 
as a masticatory and for incense, and arrives rarely in Europe with olibanum. Aden received 
1928 cwt. in 1875-6, of which, J went to Egypt and Trieste, i to Bed Sea ports, I to the United 
Kingdom, and the rest to Bombay and the Danakil (Dankali) coast. Prof. Fluckiger thinks it 
well fitted for any purpose to which common rosin. Burgundy pitch, and the allied resins or 
turpentines are applied. 

Opopanax. — This gum-resin is attributed to Opopanax Chironium, a parsnip-like plant of 
S. Europe ; the allied product of 0. perskum obtained from Persia differs in appearance and odour, 
though the drug met with in Indian bazars is regarded as of Persian origin. It is now extinct in 
European medicine, and rarely met with, though apparently retaining considerable importance in 
native Indian and Chinese practice. The roots are taken up when the plant begins to sprout, and 
are broken off, the escaping juice being caught in leaves placed beneath, where it concretes in hard, 
nodular, earthy-looking, bright orange-brown lumps, of penetrating offensive odour. It consists 
mainly of about 42 per cent, of resin and 33 of gum. It is fusible at 50° (122° F.), and partially 
soluble in alkalies, alcohol, and ether. 

Orange. — It is recorded that the stems of the members of the Citrus family afford a useful 
gum, said to be collected in the W. Indies: hut such a product is unknown in commerce. 

Peru Balsam. — (Fa., Baume de Perou, de San Salvador ; Ger., Peruhalsam). — This misnamed 
gum-resin, the bahamo negro of the American Spaniards, and koo-sheet of the native Indians, is pro- 
duced almost (if not quite) exclusively by Mgroxglon [Myrospennuin'] Pereira, a native of the so- 
called Balsam Coast, comprising the Indian Reservation Lands, forming a small district in tho 
State of San Salvador, lying between 13° 35' and 14° 10' N. lat., and 89° and 89° 40’ W. long. Its 
only connection with Peru is the fact of its having been shipped vH Callao to Europe in the early 
days of the trade. The trees grow in dense forests, and are often enclosed or marked by their 
owners, being valuable property. The principal Indian pueblos around which the bals.am is pro- 
duced are enumerated by Dr. Dorat (in 1863) as follows: — (!) Juisnagua, about 400 trees; 
(2) Tepocoyo, annual produce about 6 arrobas (of 25 lb.) ; (3) Tamanique, 1400 trees, giving some 
160 arrobas yearly ; (4) Chiltinapan, 2500 trees, affording 450 arrobits per annum ; (5) Talnique, not 
more than 500 trees; (6) Jicalapa, about 1200 trees under cultivation, but many more in the 
uncleared woods; (7) Teotepeque, plenty of trees on the mountain slopes, but only 300 worked; 
(8) Comasagua, 1000 trees, but their cultivation giving way to coffee ; (9) Jayaque, about 1000 trees 
under cultivation. 

Concerning the secretion of the balsam, next to nothing is known. Early accounts speak of a 
superior article obtained by making incisions in the bark and probably reaching into the wood, but 
the present method of gathering the balsam is universally as follows : — After the last rains, in 
Kovember-December, the trunks of the trees are beaten with some blunt instrument in four equi- 
distant patches until the bark is loosened, a similar number of intermediate patches being left 
unbruised for the following year. The injured bark splits up, and may be easily detached ; it 
already exhibits a slight exudation of fr.igrant balsam, but not sufficient to repay collection. To pro- 
mote the flow, the bruised bark is charred some 5-6 days later by the application of bundles of burn- 
ing wood, and after about another week, the charred bark either falls or is torn off, and the exuda- 
tion begins in earnest. The wounds are then staunched by means of rags or cotton-wool, which 
absorbs the balsam ; these, after a few days saturation, are collected and boiled in water. The 
greater part of the balsam is thus freed from them, and collects beneath the water, but the rags also 
undergo a rude wringing in a kind of rope bag, by which some further balsam is recovered from 
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them, and added to the first. The contents of the boiler cool during the night, and next day 
the water is decanted, and the balsam is pnt up in tecomates (gourds) or other vessels for the market. 
The halsam thus prepared is locally known as de trapo. A small quantity of inferior grade is pro- 
duced, according to Wyss, by boiling the bark in water ; this is termed de cascaro or tacnasunte. 
The operation of collecting continues tUl May ; it is suspended during the rains, but carried on 
more or less in the dog-days (15 July-15 August). The beating and staunching are only performed 
on four days of each week, giving 4 cosechas (harvests) a month. In the 2nd year, recourse is had 
to the patches left untouched from the first year. The bark renews itself in about two years, and 
it is thus possible to obtain an annual yield of about 2 lb. from the same tree for some 30 years, 
after which, if allowed 5-6 years’ respite, it will again produce. 

The balsam is a treacly liquid, of black colour in bulk, but deep orange-brown and transparent 
in a thin layer ; its odour is balsamic and smoky, but fragrant and pleasant when developed by 
warming. Its sp. gr. is 1 ■ 15-1 • 16. Years of exposure to the air do not effect any change in it. 
It is only very slightly soluble in water, dilute alcohol, benzol, ether, and essential and fatty oils, 
and not at all in petroleum-spirit, but mixes readily with absolute alcohol, glacial acetic acid, 
acetone, and chloroform. The balsam contains about 32-38 per cent, of resin, the remainder 
being almost entirely cinnameine (CigHijOj). An adulterated article is said to be largely pre- 
pared in Bremen. The balsam is mostly shipped at Acajutla, in San Salvador, about 40 miles 
from the Guatemalan frontier. The export in 1855 was stated at 22,804 lb., value 19,827 
dollars (of 4s.) ; in 1876, the value was given as 78,189 dol. The London market value of the 
drug is about 7s. 6d. a lb. Its chief use is medicinal (see Drugs, p. 819) ; it is also employed in 
scenting soap. 

The tree has been introduced into Ceylon, where it flourishes luxuriantly, but the balsam does 
not seem to have yet come into commerce from that island. 

Besides tolu, which is the subject of a separate article (see p. 1684), there are several allied bal- 
samic products demanding some notice. (1) The first that may be mentioned is the so-called “ white ” 
or “ virgin” balsam, the balsarm bianco or catolico, or halsamito, a soft resin secreted in the large ducts of 
the fruit of the species just described, and extracted by expression. It is highly valued and scarce 
and never sent into the market. (2) Much more important commercially is the fragrant balsamic 
resin collected from Myroxylon peruiferum, a large tree found in Tropical America, from S. Mexico to 
Peru, and even as far south as the Brazilian province of Kio Janeiro. It prefers moist mountain- 
valleys, up to 600 feet. The balsam extracted from the wood might, in the opinion of Theodor 
Peckolt, be conveniently substituted for the ofScinal balsam, especially as it mixes readily with 
castor-oil in all proportions. The exudation can be absorbed by cotton-wool, much in the same way 
as Peru balsam. In the fruit-pods, surrounding the seed, is found a small quantity of pale-ydlowish 
aromatic oleo-resin, which is carefully preserved and highly prized under the name of angmy do 
guaiani or balsamo do espirito santo ; it rarely enters commerce. (3) A balsam is obtained from in- 
cisions in the stem of the oleo pardo or cabure-iba (Myrocarpus fastiyiatus). 

Phormium. — Almost every portion of the plant Phormium tenax (see Fibrous Substances 
pp. 986-93), but especially the bases of the leaves, is replete with a gum which gives great trouble 
in the processes for extracting the fibre of the plant. The utilization of the gum deserves more 
attention than it has yet received, as it forms a mucilage capable of replacing that of gum arabic for 
most purposes. 

Piney. — The copalline resins known as “white dammar,” “piney resin,” or “piney varnish” 
of S. India and Ceylon, and by some authors (e. g. Wiesner) termed “Manilla copal,” are produced 
by two species of Tateria : V. indica of the W. Peninsula, from Canara to Travancore ; and V. acuminata 
common in the hotter part of Ceylon up to 2000 ft. The resin is obtained either by makin" incisions 
in the bark of the trees, and allowing it to exude and concrete ; or by making excavations into the 
tree, where the liquid resin may collect. Sometimes masses of the hardened resin are found on 
splitting open old trees. When recently exuded, the resin is quite soft (then termed “ varnish ”) 
but it soon hardens into a brittle mass, varying in colour from bright-green to deep-amber, usually 
translucent, sometimes containing many air-bubbles. It is more soluble in alcohol than black 
dammar (see p. 1644) ; it dissolves readily in chloroform, and might serve the purposes of photo- 
sphere’ varnish ; it has an advantage over copal in being quite soluble in turpentine and dryino- 
oOs without preliminary fusion ; its solution in turpentine is turbid, but the addition of powdered 
charcoal, and subsequent filtering, renders it transparent and colourless, and the solution mixes 
readily with the drying oils. The sp. gr. of the resin is about 1'121. 

Somewhat similar products are said to be afforded by Vatioa \_Yateria, Ectinodendron, Seidlm] 
lancecefolia of B. Bengal, Silhet, Khasia, Assam, and Bhotan, and by V. Boxburghiana in S.'canara 
Travancore, and Ceylon. ’ 

Other copals are described under Copal and Animi (pp. 1640-4), Dammar (nn. 1644-51 Tntabv. 
seca (p. 1666), and Kauri (pp. 1666-7). ’ ^ 

Pitches (Fb., Poix-, Gbb., PccA).-The term “pitch” embraces two products, “common” or 
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“ black,” and “ white ’’ or “ Burgundy.” Mineral pitch, bitumen, or asphalt, has been described 
under the last name (see pp. 341-6). 

1. Common or Black Pitch, (Fa., Poix noire ; Geb., Schiffspech, Schusterpech, Schwarzes Peek') — This 
article is produced by a further distillation of the tar obtained in the dry distillation of pine-wood 
(see p. 1683), and from the residues left in the boiler after the distillation of the crude turpentine to 
separate the rosin and spirit. The latter ate heated in the 
open air, and filtered through straw mats, to afford a little 
more turpentine. These mats, charged with impurities and 
containing still a certain quantity of turpentine, were 
placed, according to the old plan, in a brick furnace 
(Fig. 1180); fire is kindled at the top, and the resinous 
matters escape by a pipe into the cooler 6, a passage exist- 
ing at a for the removal of the ashes. In works having 
the modern improvements, there only remains in the boiler 
(5, Fig. 1184) the residues which will not pass through the 
filter rf, and the heavy matters settled below this orifice. 

These residues are filtered through mats, as by the old 
system, and afford a little turpentine. The mats are then 
placed in the apparatus shown in Fig. 1181, consisting of 
a double-lined trough, with steam circulating in the inter- 
mediate space c. The residues are placed on the metallic gauze tray a, and the box is covered to 
prevent evaporation of the spirit. Under the influence of the heat, the turpentine falls into the 
space b. It is then distilled in the apparatus shown in Fig. 1185, affording pitch, and a little spirit. 
The straw mats may finally be ignited in the brick 
chamber shown in Fig. 1180, thus producing a 
small quantity of tar, but they are more generally 
utilized as fuel. 

Pitch is chiefly manufactured in countries 
which afford tar (see p. 1683), but also on a smaller 
scale in England. It is an opaque black sub- 
stance, with shining conchoidal fracture, peculiar 
unpleasant odour, scarcely perceptible flavour, 
dissolving in the same menstrua as tar, and 
capable of being kneaded when softened by the 
heat of the hand. It is largely used in ointments, 
though probably devoid of medicinal properties. 

Its approximate London market value is 5-6s. a 
cwt. for British, and Is. 6(1. for Archangel. Our 
imports in 1880 were 63,430 cwt., value 16,6871. ; 
our exports in the same year were 9967 cwt., 

34201. We imported 35,606 cwt. in 1876, and 
81,558 in 1877. The imports for 1880 were con- 
tributed as follows : — Kussia, 35,770 cwt , 98491. ; 

British W. Indies, 15,476 cwt., 19901. ; other coun- 
tries, 12,184 cwt., 48481. It is obvious that the 
W. Indian article is not pitch at all, but asphalt 
(see pp. 341-6), from the so called Pitch Lake of Trinidad, and perhaps from Dominica ns well 
Our imports from Russia rose from 30,124 cwt. in 1876, to 47,269 in 1877. The total exports from' 
Archangel were 15,209 barrels in 1874, 19,168 in 1875, 17,640 in 1876, 23,988 in 1877, 16 759 in 
1878 ; the proportions taken by the several countries in 1878 were 9130 barrels by Great Britain 
1630 by Holland, 490 by France, 4175 by Italy, 1319 by Germany, and 15 by Norway Boston 
(U.S.), in 1880, received 1848 barrels of pitch, and exported 3199. Wilmington (N Carolina) in 
1878, exported 4724 barrels, 331 going abroad; the aggregate value was 1600?. New York exported 
5520 barrels in 1879. Hamburg, in 1881, imported 3492 tons, of which, 1346 came from Finland 
and 2056 from Archangel. The Finnish port of Wiborg exported 207 barrels of pitch and tar’ 
value 2900 Finnish marks (of 9Jd.) to Norway, Germany, and England. ’ 

Burgundy Pitch (Fr., Poix jaune, de Bourgogne, des Vosges ; Gsm, Fichtenharz, Tanar nAcrr^).— This 

is a product of Pmus Abies {_Abies excelsaj, the spruce fir of Norway (see Timber White Deal) It 

is prepared in Finland, the Black Forest, Baden, Austria, and the Bernese Jura (where it is called 
poix blanche'). It is obtained from the trees by making perpendicular incisions in the stems about 
1| in. wide and deep ; the exuding resin is scraped off by an iron instrument, and purified. This 
wounding of the trees causes so much injury to the timber that the collection of the resin is 
prohibited in the Government forests of Baden and Wurtemberg. The purification is effected by 
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melting the pitch either in contact with steam, or in hot water, and straining. In the latter cas^ 
the product (called Wasserharz') is opaque and highly charged with water, and needs to he improved 
by further straining and evaporation of the moisture. The production is not very great. Baron 
Linder’s estate near Helsingfors (Finland) gave 689 cwt. in 1867, and an estate at Ihn, 1575 cwt. 
The Swiss forests yield about 900 quintals (of 220J lb.) yearly. The pure pitch is opaque, yeUowish- 
brown, hard, brittle, strongly adhesive, with a conchoidal fracture, and agreeable aromatic odour. 
It is employed in plaisters in this country ; in Germany, mixed with colophony or thus, it forms 
the composition termed Bratierpech, used for lining beer-barrels. 

The true pitch is very extensively replaced by an artificial compound, termed poix blanche in 
Belgium, and poix blanche factice in France. It is composed either of galipot melted in water, 
stirred, and filtered hot, or of a mixture of galipot (thus) or colophony with turpentine, turpentine- 
oil, or Bordeaux turpentine, coloured with palm-oU. The artificial article differs from the genuine 
in being completely soluble in alcohol, less tenacious and adherent, and of stronger and less 
fragrant odour. 

Quebracho. — The so-called “ gum ” of Quebracho Colorado is in reality an astringent extract, 
and will be described under Tannin. 

Ketinite. — This name was applied some years since to a species of fossil resin, found in small 
nodules and masses, sometimes in imperfect veins, in the brown coal and gold diggings at 
Caversham, Tarapeton, Waitahuna, and other parts of Otago (New Zealand) ; also in Borneo. It 
melts without decomposition, emitting an aromatic odour, and burns with a smoky flame ; warmed 
gently with alcohol, it softens, and becomes very tenacious and adhesive. The sp. gr. is about 
1 • 049. The colour varies from pale-yellow to dark-brown. 

Biimu. — The rimu or Dacrydmm cupressinum of New Zealand yields an exudation which can 
be converted into a varnish in no way inferior to copal. 

Eosin or Colophony (Fa., Colophane, Brai, Arcanson; Geb., Cotophonium, Geigenharz, 
Gemeines Harz) and Kosin-oil. — The several kinds of rosin, colophony, or resin proper are the solid 
residues obtained by the distillation of the turpentines (see pp. 1686-92). The crude turpentine 
or oleo-resin is submitted to aqueous distillation in a copper vessel, in place of the old-fashioned 
iron still which produced a red-coloured oil. The still, having a capacity of some 15 barrels (of 
220 lb. each), is charged with crude oleo-resin in the early morning; heat is applied either by an 
ordinary furnace, or by a steam-jacket, until the mass attains a uniform temperature of 100°-158° 
(212°-316° F.). This is continued until the accidental water contained in the crude oleo-resin has 
been driven off, together with pyroligneous and formic acids, ether, and methylio alcohol, the 
whole being known as “ low wine.” This accomplished, a small stream of cold water is admitted, 
so that the heat is kept at or below 158° (316° F.), the boiling-point of turpentine-oil. TJie 
distillation continues, a mixture of water and turpentine-oil passing over into a wooden separating- 
tub ; this is merely a tub with two outlet taps, one near the bottom, the other about half-way from the 
top, the difference in sp. gr. of the two bodies permitting their withdrawal into separate receptacles. 
The progress of the distillation is judged by means of samples taken at intervals in a graduated 
measure ; when the liquid shows 9 parts of water to 1 of turpentine-oil, the distillation is stopped, 
the still-cap is removed, and the hot rosin remaining in a fluid condition in the still is drawn off by 
a tap near the bottom, and passed through a fine strainer into a vat, whence it is baled by long- 
handled wooden buckets into barrels for .sale. 

The grade of the rosin depends (1) upon the quality of the crude oleo-resin under treatment, 
and (2) upon the skill with which the operation is conducted. The so-ealled “ virgin turpentine,” 
the first exudation from a newly-chipped tree, will give ” window-glass ” rosin of varying 
quality ; “ yellow dip,” the runnings of the second and subsequent years, affords medium grades of 
rosin ; while ‘‘ scrapings,” the inspissated gum from the tree facings (see Thus, p. 1684), yields an 
inferior dark rosin. Black rosin is not caused by burning in the still, as has been st.ated. Opacity 
is due to the presence of water, by which, crystals of abietic acid are formed. Every turpentine 
produces its own peculiar rosin. That most common in continental Europe is obtained from 
Bordeaux turpentine (see p. 1687); in England and America, that derived from the latter country 
holds the foremost place. Speaking in general terms, rosin is an almost flavourless body, of faint 
but characteristic odour, and varying in colour from the palest amber to the deepest black, and from 
translucent to opaque. Common yellow rosin is homogeneous, amorphous, very friable, and of sp. gr. 
1-07: it softens at 80° (176° F.), and fuses completely to a limpid yellow liquid at 100° (212° F.). 
It is insoluble in water, but soluble in acetone and benzol in nearly all proportions, in 8 parts of 
alcohol of 88° at 15°-20° (59°-68° F.), and pretty freely in ether and fatty oils. Treated with 
boiling alkaUne solutions, it takes up the elements of water to form abietic acid, which then unites 
with the alkali present to form rosin-soap (see Soap). The rosin of Venice turpentine (see 
p. 1691) dissolves in 2 parts of hot alcohol of 75°. That of Canadian turpentine (see p. 1686) 
consists of two ingredients, one (78-7 per cent.) soluble in boiling absolute alcohol and glacial 
acetic acid, and the other (21-3 per cent.) soluble in ether; both the turpentine and the rosin are 
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insolable in cattstic alkaliesi The losin of Strassbnrg tnrpentine (see p. 1691) is completely solable 
in glacial acetic acid, but incompletely in acetone and absolute alcohol. Medicinally, rosin is 
employed in plaisters ; industrially, in the manufacture of rosin-soap, sealing-wax, varnisheSj^ and 
cements, and for soldering metals. The approximate London market value is 5-15s. a owt. 

The commerce in rosin is considerable. Our imports in 1880 were 1,051,825 cwt., value 
323,319?., from the United States, and 31,577 cwt., 13,468/., fiom other countries ; total, 1,083,402 
cwt., 336,787/. Our exports in the same year were 31,491 cwt., 10,593/. The imports from 
America have not fluctuated much during late years, having been 966,109 cwt. in 1876, and 
1,105,367 in 1879. The imports from France were 13,851 cwt. in 1876, 6389 in 1877, 37,840 in 
1879, and 29,278 in 1880. Eecent details of American shipments are as follows; — New York: 
157,834 barrels (of 220 lb.) in 1879; 234,778 in 1878, being 51,753 to Great Britain, 5166 to 
France, 101,009 to N. Europe, 16,019 to other Europe, 60,831 to S. America, E. and W. Indies, &c. 
Mobile: in 1878, exports abroad, 49,247 bar., 17,448/.; sent inland and coastwise, 67,630 bar., 
23,604/.; in 1880, exports, 18,795 bar., 9582/.; inland and coastwise, 27,140 bar., 14,019/, 
Savannah : exports, 85,551 bar. (42,443 being to English ports) in 1879 ; in 1880, exports, 
77,339 bar., 57,478/., and coastwise, 141,435 bar. Boston; in 1878, received 17,656 bar., exported 
4032; in 1880, received 22,732 bar., exported 5038. New Orleans: exports, 1880, 821 bar. 
PhUadelpHia ; exports, 1879, 3310 bar. Baltimore: exports, 6785 bar. in 1877, 3120 in 1879, 13,031 
in 1880. "Wilmington (N. Carolina) ; in 1878,516,279 bar. exported, and 65,679 coastwise; total 
value, 162,518/. The Italian port of Venice despatched 557 tons, value 4462/., in 1878, and 
660 tons, 4487/., in 1879. Of Chinese ports, Hankow shipped 2055i piculs (of 133^ lb.) in 1878 
and Wenchow, 25 piculs in the same year. 

The preparation of rosin for soap-making purposes is described under Soap. 

RosiH-otL. — This product, to which frequent allusion is made in the article on Oils and Fatty 
Substances, notably in the section relating to Detection and Analysis (see pp. 1467-9, 1476), is 
manufactured in the following manner. The rosin, usually of the lower grades, is introduced into 
an iron still, and heated up to 158°-160° (316°-320° F.). Water, pyroligneous acid, .and naphtha 
pass over at first, and until the rosin is exhausted of naphtha. The temperature is then raised to 
near the red-heat of iron, when the rosin boils, and crude rosin-oil distils over. It is a heavy, 
nearly opaque, whitish, viscid fluid, opalescent on the surface. It is rectified by redistillation, and 
the resulting oil is transparent, dark-red by transmitted light, with a bluish cast by reflected light, 
and sometimes highly opalescent. 

Sagapentun.— The origin of sagapenum is wrapped in obscurity. It is supposed to be 
produced by a species of Fei-ula, and F, persica has been especially pointed to, but nothing certain 
is known on the subject. The locality affording it cannot even be indicated, though there is reason 
to suppose that it comes from Persia and the countries to the east, the village of Mah, near Ispahan, 
being particularly referred to. The drug is now extremely rare, and scarcely to be had in a pure 
state even in Bombay ; formerly it would seem to have been plentiful. It is a gum-resin, forming a 
tough softish mass of strongly agglutinated small tears, of brownish colour, mauifestiug no pink hue 
when broken, nor an alliaceous odour, but acquiring a most intense and permanent blue colour 
when immersed in cold hydrochloric acid of l'I3 sp. gr. More rarely it occurs in translucent 
yellowish-brown tears, varying in size from a hazel-nut to a walnut. These characteristics serve to 
distinguish it from ammoniacum, galbanum, and opoponax, which it otherwise resembles, and which 
are often substituted for it by the native druggists of India. 

Sandarach (Fb., Sandaraque; Geb., Sandarac ). — Sandarach when in powder is termed 
“ pounce”; it has also been called “juniper-gum” or “ -resin,” from the erroneous supposition that 
it was afforded by Junipems spp . ; and the closely allied Australian product has been introduced as 
“ pine-gum.” 

The tree affording sandarach is Callitris quadtivalvis l^Thuja articulataf Frenela Fontanesii]^ 
remarkable for its wood (see Timber — Aleree); it is indigenous to the mountains of N. Africa, from 
the Atlantic to E. Algeria, its eastern limit being undetermined. The resin exudes natmrally 
from the bark of the stem, but the common practice is to make incisions in the stem, particularly 
near the base, by which the flow is much increased. The juice rapidly hardens on exposure, and is 
collected by the Moors, and carried by them to Mogador for export to Europe. It occurs in 
commerce mostly in cylindrical tears, which are occasionally agglutinated. Its colour is pale- 
yellow to pale red-brown, the best being very clear and transparent. The exterior often appears 
“ powdery,” from the occurrence of innumerable fissures by unequal contraction in drying. It has 
about the same hardness as kauri, softens at 100° (212° F.), and melts and swells at 150° 
(302° F.); its sp. gr. is 1' 066-1 ’092, the fracture is clean and shiny, and the odour is weak and 
aromatic, increasing with heat. It is not softened by boiling water, and is not soluble in caustic 
soda or acetic acid ; it is partially soluble in benzol, rectified petroleum, chloroform, and turpentine- 
oU, very slightly in carbon bisulphide and boiling linseed-oil, but completely in alcohol and ether. 
Sandarach is said to be adulterated with gum arabic, but this seems doubtful ; more commonly it is 
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itself substituted for mastic, from which it may be distiuguidied by the softness of the latter, its 
complete solubility in turpentine-oil, and incomplete in cold alcohol. Formerly of wide renown in 
medicine, the resin is now valued, in Europe at least, principally as an ingredient of varnishes, to 
increase the hardness and glossiness ; powdered, under the name of “ pounce,” it is used for preparing 
the surface of parchment and paper to receive writing. Its approximate price in the London drug 
market is 60-115s. a cwt. 

The Australian species of CalHtris yield a resin which can scarcely be distinguished from the 
African. The principal species seem to be C. verrucosa [Frenela crassivahis'], C. cupressiformis, and 
C. [F.] robusta. They are abundant on the sandy tracts of the Murray Eiver (Victoria), aud are 
scattered more or less throughout the whole continent, being recorded from King George’s Sound 
and Shark Bay (W. Australia), and from Arnhem Land (N. Australia). The resin might easily 
become an article of local commerce, if not of export. 

Sarcocolla. — The plant and country affording this medicinal gum-resin are unknown. It 
has been referred to a Perura sp., found only in the Cape, but this is obviously incorrect. 
Dr. Dymock believes it to be produced by one of the desert Leguminosw, probably an Astragalus. 
Native evidence ascribes it to Persia and Turkistan ; this is borne out by the fact that the Bombay 
imports of the drug, which are considerable, come entirely from Bushire, in the Persian Gulf. It 
arrives in bags containing about 2 cwt., always largely intermixed with remains of the plant 
(except leaves) and with sand, whence Dymock supposes it to be collected by beating the bushes 
after the leaves have fallen, and allowing it to accumulate upon the ground. It holds an 
important place in Indian native pharmacy. 

Satin-wood. — The satin-wood tree of India and Ceylon (Swietenia Chloroxylon) occurs in 
fractured and agglutinated tears, brittle, brown, translucent, and soluble in water, giving a turbid, 
dark mahogany-coloured mucilage, having an odour of fusel-oil. It is not a commercial article. 

Scammony.— See Drugs, pp. 823-4. 

Schaufite. — This name has been applied to a fossil resin found in some abundance in schistose 
sandstone beds traversing the petroleum region in Bukowina, Galicia, Bohemia, and S. Austria. 
It forms veins of J-4 in. in thickness. The colour is purplish to blood-red, and the hardness 
suflacient to admit of polishing, but not turning. It is slightly soluble in alcohol, benzine, and 
chloroform, entirely in sulphuric acid, and is saponihable by caustic alkali. DistUled, it leaves a 
reddish-brown colophony, giving a brilliant varnish with turpentine and fatty oils. 

Storax (JPb., Styrax ; Gb35., Storax). — Several products call for description under this head, 
the most Important being liquid storax or liquidambar. 

Liquid Storax. — This is obtained from Liquidambar orientale [imiertc], a plane-like tree forming 
forests in S.-W. Asia Minor, notably near Melasso, about Budrum and Monghla, near Giova and 
Ella, by Marmorizza and Isgengak in the valley of the El-Azi, and possibly near Narkislik, 
a village near Alexandretta ; but it is unknown in the islands of the Mediterranean. The 
resin is collected by the Yuruk nomads, by first removing the outer hark, and then scraping 
away the resinous inner bark, accumulating it in some quantity in pits. This bark is then 
either pressed dry in the first instance, or at once boiled with water in large copper vessels, 
whereby the resin is separated and can be skimmed off. The boiled bark is packed in hair 
bags and subjected to pressure while hot water is poured over. Thus a second quantity 
of resin is procured. The water used in the boiling is probably from the sea or saline lakes, 
as attested by the presence of salt in the drug. The result of the process is an opaque, grey, 
semi-fluid resin, of pleasant balsamic odour after long keeping, and pungent burning aromatic 
flavour ; and cakes of fragrant brown bark, which, coarsely powdered, is mixed up with storax, 
honey, and other substances, into an odoriferous compound, of which there are many qualities. 
Some 25 years ago the production of the resin was computed at about 800 cwt. per annum. It is 
mostly exported in casks by way of Constantinople, Smyrna, Syra, and Alexandria ; some is packed 
with water in goat-skins for transport to Smyrna, and sent thence in barrels to Trieste. The use of 
the resin in this country is trifling and wholly medicinal (see Drugs, p. 826) ; the chief markets for it 
are India and China. Scherzer (1880) states the exports from Smyrna at 25,000-30,000 okes (of 
2-83 lb.), worth 7 piastres (say Is. 3d.) the oke, chiefly for China and Egypt, for use in perfumery 
fumigation, and church incense. It is said to have been employed in the United States as an 
adulterant of tolu. 

True Storax.— hue storax was a benzoin-like fragrant resin, afforded by the stem of Styrax 
officinale, of Greece, Asia Minor, Syria, Italy, and S. France ; it has ceased to be produced since the 
trees have been reduced to mere bushes by cutting. 

American Liquidamiar.— This is derived from Liquidambar styraciflm, a large tree of the American 
continent, from Connecticut and Illinois southward to Mexico and Guatemala. In the United 
States, small quantities of a balsamic resin, termed “sweet gum,” and sometimes used as a mastica- 
tory, are collected from natural fissures or incisions made in the tree. In Central America, the 
exudation is much more freely afforded, and is collected by the Indians in small cylinders, to be 
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burnt as incense. As met with in commerce, it is a transparent, thick, fluid, golden-brown oleo- 
resin, of balsamic odour, and similar flavour. 

E. Asian Liquidamhar. — This is of two kinds. The first is a dry terebinthinons fragrant resin 
produced by L. formosana in Formosa and S. China ; it is used by the Chinese. The second is a 
fragrant balsam obtained from L. Altingiana [Altingia excehal, of Assam, Burma, and the E. Archi- 
pelago. It is collected in small quantity in Java from incisions in the trunk ; in Burma, a pel- 
lucid light-yellowish kind is procured in the same way, besides a darker, thicker quality by boring 
the stem and applying fire around it. 

Tamanu and Tacamahaca. — The name tainanu is applied only to the resin of Calophyllum 
inophyllum, but tacamahaca (variously spelt) is used indiscriminately for the resins of Idea Tacama- 
haca, Calophyllum inophyllum, Elaphrium tementosum, Poputus hakamifera, and Calophyllum Calaba. In 
the present article, the terms will be restricted to the resins of Calophyllum spp., particularly C. ino- 
phyllum. The geographical distribution of this tree has been given elsewhere (see Oils and Fatty 
Substances — DUo, pp. 1387-8). The resin exudes both spontaneously and from incisions in the bark 
and roots. It is green or yellow and liquid when first it escapes, but hardens in time to a brittle 
aromatic mass, soluble in alcohol and ether. C. Calaba seems to yield a similar article in Venezuela. 
The Venezuelan port of Maracaibo shipped 583 lb. of Jacamahaca, value ITfiJ dol. (of 4s. 2d.) in 1880. 

Tars. — The tars here to be considered are the so-called “ wood-tars,” obtained by submitting the 
wood of the stems and roots of certain trees to a process of destructive distillation. They are of 
several kinds, and will be described in the following alphabetic order : — (1) Archangel or Stockholm, 
(2) beech, (3) birch, (4) dummele, (5) ganda, (6) juniper, (7) teak. 

1. Archangel or Stockholm Tar (¥R.,fioudron regetal, Poix liquide; Geb., Hohiheer, Fichtentheer'). — 
This, by far the moat important of the vegetable tars, is produced in Finland, Central and N. 
Kussia, and Sweden, chiefly from Pinus silvestris and P. Ledebourii [Larix sibirica] (see Timber), 
constituting the forests of Arctic Europe and Asia; and in America, from P, mitis, P. rigida, 
P. australis, and other species. N. Europe is much the larger producer. 

The process of distillation is commonly performed as follows. The roots and bases of the trees, 
which are valueless as timber, are closely packed in huge stacks (30,000-70,000 cub. ft.), and covered 
with a thick layer of turf, moss, and earth, heavily beaten 
down. The stack is built over a conical cavity in the ground, 
and if possible on a hill-side. A section of the oven and 
receiver is shown in Fig. 1182. Fire being applied, combus- 
tion is allowed to proceed very slowly and without flame, 
requiring 1-4 weeks for its completion, according to the bulk 
of the stack. The products of the downward distillation 
(mainly tar) collect in the cavity, and are discharged thence 
into receptacles. A great improvement on this rude plan is 
the employment of wrought-iron stills with refrigerating con- 
densers. By their use, the yield of tar obtained from air-dried 
pine-wood is 14 per cent., and from the roots, 16-20 per cent. ; 
in addition, much pyroligneous acid and turpentine-oil is 
saved. Tar is usually transported in barrels of 31J gal. 

Its approximate London market value is 13-17s. a bar. for 
Archangel, and 18s. for Stockholm. Its widespread use as a preservative application to wood is 
sufficiently familiar. 

Our imports of tar in 1880 were 105,449 bar., value 73,772/., from Kussia ; 10,719 bar., 7138/., 
from the United States; 3877 bar., 3219/., from Sweden; and 11,227 bar., 6465/., from other 
countries; total, 131,272 bar., 90,594/. Our exports in the same year to all countries were 9740 
bar., 10,048/. The imports show a gradual diminution in quantity from 174,679 bar. in 1877 ; and 
in value, from 152,969/. in 1876. Russian tar is manufactured in Finland and shipped from various 
ports in the Gulf of Bothnia (Uleaborg, Gamla and Ny Carleby, Jacobsstad, Christinestad), and from 
Archangel and Onega on the White Sea ; while some is produced in Volhynia, and finds its way by 
the Dnieper to the Black Sea. The Swedish localities of production are mainly about Umea and 
Lulea, where iron stills are in general use, thus accounting for the superior price of Stockholm tar. 
Our imports from Sweden fell from 8083 bar. in 1877, to 701 in 1878, and recovered to 4319 in 1879. 
Our imports from the United States were 29,771 bar. in 1877, since which date they have constantly 
receded. New York exported 7679 bar. in 1878, and 7031 in 1879 ; of the former, 1050 bar. went 
to N. Europe, and 6070 to S. America, E. and W. Indies, &c. Philadelphia, in 1879, exported 
1968 bar. of tar and pitch. Boston, in 1880, received 8398 bar., and exported 1088. Wilmington 
(N. Carolina), in 1878, sent 32,008 bar. coastwise, and 31,176 abroad ; total value, 19,461/. The 
exports of tar from Finland were 143,174 bar. in 1878, 138,730 in 1879, and 129,669 in 1880. 

2. Beech-tar. — The wood of the beech, Fagus sylvatica (see Timber), afibrds about 10 per cent, of 
tar, which is considered by some authorities the best source of creasote. 
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3. Birch-tar. — The wood and bark of Bet>ila alba afford a tar whose chief importance lies in its 
being the sonrce of the empyrenmatic oil used in the preparation of Bussia-leather (see Oils and 
Fatty Substances, pp. 1417-S). 

4. Dummele. — This name is applied in Ceylon to a tar extracted by the moormen from the wood of 
Sethia indica {Erythroxylon m(mogynum\, of the Circars, Travanoore mountains, Mysore, Malabar, and 
Ceylon. The wood is packed into an earthen pot (chatty) with a narrow mouth ; this is inverted 
over a second pot, and surrounded by fire. The tar thus distilled is soluble in ether, alcohol, and 
turpentine, and is an excellent preservative of timber. It is not a commercial article, but might 
become so. 

5. Ganda. — The natives of the Himalayas prepare a tar from dry chips of the garda tree (Pinus 
Imglfolia) of their district. The process is much the same as with dummele. The product from this 
species and P. excelsa and Cedrus DeaSara, with due care, is said to be quite equal to the Stockholm 
tar imported from Europe, and much cheaper. 

6. Juniper-tar (Fa., Unite de Cade). — This was originally obtained by the destructive distillation 
of the wood of Jnniperus oxycedms, a native of the Mediterranean region. The modem article is of 
doubtful origin, and much resembles Stockholm tar. 

7. Teak-tar. — The wood of Tectona grandis (pee Timber — Teak) yields about 5 per cent, of tar by 
the crude native method of distilling it. The wood is best used 3 months after felling. Probably 
the roots would yield much more. It is only used medicinally by the natives of some parts of 
India. 

A tar is also extracted by the Moors from the root of Callitris quadrivakis (see Sandarach), and 
applied to wounds on draught animals. 

Tendoo and Gaup. — These names are applied respectively to a resin from the trunk and a 
gum from the fruit of Diospyros glutinosa [^Emhyreygteris glutmifera\ a native of the Indian Peninsula, 
Travancore, Assam, and Bengal. Both products are said to be used for caulking boats, and pre- 
serving fishing-nets, but they are not objects of commerce. Further research as to their supply and 
applicability is desirable. 

Thus, Scrape, or Common Franhincense (Fb., Galipot, Barras). — These terms are applied 
to the turpentine which concretes upon the trunks of the various species whence that oleo-resin is 
derived (see pp. 1686-92). In the French department of Landes, the collection is coTnmenced 
immediately after the conclusion of the turpentiue-harvest. The impoverished exudation from the 
latest wounds, escaping when the air-temperature is not high, and being probably less rich in 
essential oil, dries in stalactitic masses, reaching from the incision to the base of the tree. These 
are separately collected in the winter. In France, the term galipot is restricted to the concretions 
along the scars, which can be gathered without admixture with bark fragments ; while barras is 
applied to those portions which can only be detached by scraping, and are thus much contami- 
nated with woody debris. The commercial article occurs in solid or softish masses, yellowish- 
white to greenish in colour, granular in texture, and completely soluble in alcohol. It differs 
firmu the turpentines mainly in containing less essential oil, and is used for similar purposes. Its 
approximate London market value is I6-20s. a cwt. 

Tolu (Fb., Baume de Tolu; Geb., Tolvbalsam). — This balsam or rather resin is afforded 
by Myroxylon Toluifera \_Toluifera Balsamum, Myrospermum Toluifertim], a native of Venezuela and 
Kew Granada (Colombia), probably also of Brazil and Ecuador, and identical, according to Bentlev, 
and Trimen, with Myroxylon punctatum, an inhabitant of nearly the whole northern part of S. America. 
Weir is of opinion that the tree is plentifully scattered throughout the mantana around Plato and 
other small ports on the right bank of the Magdalena. Another writer states that the balsam is 
largely collected in the Sinu valley, and the forests separating that river from the Cuuca ; but none 
seems to be gathered in Venezuela. The tree is never found in the low tracts adjoining the rivers 
but in the higher roUing ground beyond, where the soil is dry. The balsam-harvest lasts about 
8 months, from July to Maroh-April. The colleetion is effected by V-shaped incisions, at the apex 
of which, a little hollow is made in the bark and wood, to faeilitate the fixing of tea-cup-like cala- 
bashes, as receptacles for the exudation. About 20 incisions are commonly made within the space 
accessible to a man standing on the ground ; when this portion of the trunk affords no further space 
for new incisions, a higher section is sometimes attacked by the aid of a rude stage. The Contents 
of the calabashes are emptied at intervals— (they fill in one month when the flow is good)— into 
bide bags slung on donkeys, for conveyance to the river-ports, where the balsam is transferred to 
cylindrical tins of about 10 lb. capacity for export. In some districts no calabashes are used the 
exudation finding its way down the trunk into a large Caiatte. i-leaf. ’ 

The balsam is a light-brown, viscid or fluid resin, gradually hardening to brittleness but 
readily softened by warmth; of sp. gr. 1-2, agreeable odour, and slight aromatic flavour. It is 
soluble in alcohol and chloroform completely, and in ether partially; but is very sU^htly dissolved 
by essential oils and carbon bisulphide, whence the detection of such adulterants as rosin is 
tendered easy. The use of liquid storax (see p. 1682) as an adulterant is said to occur in the 
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United States, It is employed slightly in medicine, but more in perfumery. Its London market 
value is about 3-4s. a lb. It is exported from Colombian (New Granada) ports : — The shipments 
from Santa Marta were 2002 lb. in 1870, 2183 in 1871, and 1206 in 1872 ; and from Savanilla, 
27,180 kilo, in 1876. 

Tragacanth. — Using the term “tragacanth” in a generic sense, the species to be described 
are : — (1) Tragacanth proper, (2) Indian tragacanth, or kuteera, (3) African tragacantli, (4) Hog 
tragacanth, or simply “ hog gum,” which must be distinguished from the gum bearing the same 
name described on p. 1654. 

1. Tragacatdh proper Adragante', Ger., TragantK). — ^True tragacanth is a gummy exudation 
afforded by the stems of several species of Astragalus, of which tlie principal are the following : — 
A. gummifer, occurring on Lebanon and Hermon in Syria, Beryt Dagh in Catalonia, Arjish Dagh 
(Argaeus) in Central Asia Minor, and in Armenia and N. Kurdistan ; A. microcephalus, extending 
from S.-TV. Asia Minor to Turkish and Bussian Armenia ; A. adscendens, a native of the mountains 
of S.-W. Persia at 9000-10,000 ft. ; A. bracAycalyx, on the mountains of Persian Kurdistan ; 
A. pycnoclados, on the high mountains of Avroman and Stahn, Persia ; A. kurdicus, on the mountains 
of Cilicia and Cappadocia, extending thence into Kurdistan ; A. stromatodes, at 5000 ft. on the Akker 
Dagh range, N. Syria ; A, vents, in N.-W. Persia and Asia Minor ; A. Parnassi, var. cylletieus, on the 
northern mountains of the Morea ; and A. leioclados. 

The mode of secretion of tragacanth has been discussed under the generalities commencing 
this article (see p. 1620). Eeference must here be made to Giraud’s researches, quoted in the 
Bibliography at p. 1695, which throw quite a new light upon the subject; according to his 
analysis, tragacanth contains only 8-10 per cent, of soluble gum, and about 60 of pectinous 
principle, apparently identical with Fremy’s pectose. The collection of the gum in Asia Minor and 
Armenia is described by Tozer. Maltass, Hamilton, Von Soherzer, and others. The principal 
localities for it are the district of Angora ; Isbarta, Buldur, and Yalavatz, north of the Gulf of 
Adalia ; the Ali Dagh range between Tarsous and Kaisarieh, and the hilly country eastward as 
far as the Euphrates valley ; the elevated Bingol Dagh range, south of Erzeroum ; and throughout 
Kurdistan, from Mush for 500 miles in a S.-E. direction to the Persian province of Luristan. About 
the first week in August, the gum is seen adhering to the stems and branches, looking from a 
distance almost like down, but later in the season it usually has fallen off, so that the ground below 
is strewn with it. The common way of obtaining it, however, is to cut the plant and leave it to 
bleed ; after some days, when the gum has exuded and hardened, the collectors return and gather 
it. The ground is often swept clean to receive the droppings. The incisions are sometimes cuts 
made into the bark, sometimes simply punctures with a knife-point. In Persia, the production of 
the gum is spread over an area of 300 miles long by 100-150 broad, between Gilpaigon and Kashan, 
southward to the Mahomed Suma range, N.-E. of Shiraz. The tragacanth collected in Persia and 
Kurdistan is mostly of spontaneous exudation. 

The composition of tragacanth has already been stated. The best samples are dull-white, 
translucent, lustreless, flexible, strong, odourless, and almost flavourless. It occurs in two prin- 
cipal forms, distinguished as “ leaf ” and “ vermicelli.” The latter consists of vermiform pieces ; 
the former, of flattish strips, 1-3 in. long and f-1 in. wide. Immersed in water, it swells up 
and finally disintegrates. It is readily soluble in alkaline liquids. Its chief use is for im- 
parting firmness to lozenges and pill-masses, and in other pharmaceutical preparations ; the 
commoner kinds are employed in a mucilage for ‘‘marbling” books. The approximate London 
market values are 10-20t. a cwt. for leaf, and 2-10/. for low to good sorts, the price depending 
upon the purity and whiteness. One of the chief export marts is Smyrna, whither it is brought 
from the interior (Kaisarieh, Kouieh, &c.) in a very crude state in bags of about 2 quintals, in 
August, and where it is largely assorted by Spanish Jews for the European market. The annual 
export from Smyrna is stated at about 4500 quintals (of 100 lb.), value 65,000/. It is also shipped 
from Constantinople and the Persian Gulf. The Persian and Kurdistan article is despatched from 
Bagdad, which sent 555 cwt., value 2259/., to India and Europe in 1878. This article is erroneously 
termed “ Syrian ” in English drug sales. Mersine [Musyna] exported 245 tons, value 31,800/., in 
1880. 

2. Indian Tragacanth or Kuteera. — Gums bearing a close resemblance to tragacanth are produced 
by several Indian plants. One of the most important is Cochlospermum [Bombax] Gossypiian, a native 
of the dry hills of Garhwal, Bundelkund, Berar, Orissa, and the Deccan, also commonly planted 
near temples. The gum is white, semi-transparent, in striated pieces which are very much twisted 
and contorted ; it is used locally by shoemakers. This variety is considered inferior to the gum 
yielded by Sterculia [Cavalliurri] urens, a native of N.-W. India, Assam, Behar, the E. and W. 
Peninsulas, and Ceylon. Several other species of Sterculia are accredited with affording an almost 
identical product. The range of utility of this class of gums is very limited, competing only 
with the lowest grades of true tragacanth, for which there is but slight demand in European 
markets. 
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3. Afi-ican Tragacanth. — This variety is derived from Stermlia Tragacantha, an abundant native 
of W. Africa, from Senegambia to the Congo. The gnm is afforded in great quantity, and 
commonly finds its way into parcels of Senegal (Arabic) gum. It forms colourless or yellowish 
stalactitic masses, transparent in very thin slices. It bears the closest general resemblance to the 
produce of Indian species of Sterculia, just described. 

4. Hog Tragacanth, or Hog Gum.— These terms, like that of “ Bassora gum,” seem to be applied 
to mixtures of various cheap and inferior gums, placed on the market at intervals with a view to 
being foisted ofi’ as tragacanth. At Smyrna, tragacanth is mixed with gums termed “ Mosul ” and 
“ Caramania.” The former appears to be very inferior tragacanth ; while the latter is referred to 
the exudations of almond- and plum-trees, and is usually treated with white-lead to hide its 
darker colour. It is evident that the Indian Sterculim also contribute occasionally to the supplies 
of hog tragacanth. Almost the only application of this inferior material is as a mucilage for 
“marbling” book-edges, for which purpose it is not superior to mucilages obtained from linseed, 
quince-seed, or elm-bark. (See also Hog gum, p. 1654.) 

Turpentine. — This name is applied to a number of liquid oleo-resins obtained chiefly from 
the Cmifera. They will receive separate description in the following order : — (1) Aleppo, (2) Cana- 
dian, (3) Carpathian, (4) Chian, (5) Common, (6) Hungarian, (7) Strasburg, (8) Venice. 

1. Aleppo turpentine. — The Aleppo pine {Pinus Halepensis) in Provence is tapped much in the 
same way as the maritime pine in W. France, and yields similar but less valuable products. 
Usually the tree is bled when it has attained a diameter of 8-12 in. The incisions Usuries) are 
about 4 in. wide, and are prolonged by a fresh cut upwards once every 19 days, till their length 
amounts to about 1 ft. The exudation is received in holes made in the ground at the foot of the 
tree. Freshly caught, it is called perime vierge ; the cakes of resin prepared from it are termed 
rare. The yield of a good tree should be 13-15 lb. of crude turpentine annually for about 20 
years. 

2. Canadian turpentine (Fb., Baume du Canada, Terebinthine du Canada, T. du Sapin baumier, Faux 
baume de Gilead; Ger., Canada iufsam).— Canadian turpentine, or, as it is genemlly called, “Canada 
balsam,” is produced by the “ balsam fir ” or “ balm of Gilead fir ” (Pinus [.4Wes] balsamea), and in a 
minor degree by the “ small-fruited ” or “ double balsam fir ” (P. Fraseri), and a closely similai 
article by the hemlock spruce (P. [d.] canadensis). The first spewes is very abundant in the N. and 
W. United States, Nova Scotia, and Canada, up to 62° N. lat. The second occurs on the mountains 
of Pennsylvania, Virginia, and southward on the highest Alleghanies. The third (see Tannin) 
extends throughout British America to Alaska. Of these three, the first only will receive further 
description here. 

The balsam fir prefers wet or marshy soil, in cold hilly regions, though thriving on compara- 
tively dry upland, and in almost any soil. Its growth is rapid, but its size is small — 30-40 ft. high, 
and 6-8 in. diara. It is thus of little value for timber, and is utilized only for its oleo-resin, which 
is generally more abundant in the flourishing smooth-barked trees of low damp lands than in the 
stunted growths of the mountains. The tree is very subject to the attacks of a bark-mining beetle, 
belonging to the genus Tomicus, which is rapidly destroying the forests, and can only be checked 
by felling all trees that are affected, burning the bark and with it the colonies of larvse. 

The oleo-resin collects iu utricules, which cause a protuberance in the exterior layers of the 
bark. The tapping is performed in a peculiar manner. The gatherers are provided with small 
cans, having a sharp-edged iron tube proceeding from the top. By this tube, the blisters are 
pierced one by one, the liquid flowing down the tube until the can is full. Boys are sent up into 
the branches, while the father works about the lower part of the tree, this industry lieing followed 
by families, and confined to the poorest colonists and the Indians. A large rich tree may yield 1 lb. 
of oleo-resin, but the average is about § lb. A man and 2 children may collect 1 gal. in a day, 
while a man alone would not exceed 2 gal. The gathering cannot be prosecuted during rain, nor 
even in the same day, as drops of water mixing with the exudation render it milky and unsaleable- 
The season lasts from about 15 June to 15 August or 1 September, or between the dates of 
the disappearance of snow from the mountains and its reappearance. Near the villages and on 
partially cleared land, small quantities are collected in May . A tree should not be pierced in two 
successive years ; 2-3 years’ rest should intervene, and even then the subsequent yield never equals 
what it was the first time. 

The freshly-drawn oleo-resin is a honey-like, transparent, straw-coloured to greenish body, 
slowly thickening and darkening by keeping, but always retaining its transparency, and never 
crystallizing. Its odour is pleasant and aromatic ; its flavour, bitterish and feebly acrid, but not 
objectionable; its sp. gr., about O' 998 at 145 ° (58° F.). It forms a perfect solution of acid 
reaction with chloroform, benzol, ether, and warm amylio alcohol; the mixture with carbon 
bisulphide is turbid; it dissolves partially in glacial acetic acid, acetone, and absolute alcohol, 
leaving, after boiling and cooling, a considerable amorphous residue. This latter character distin- 
guishes it from rosin and Venice turpentine, which are compl tely dissolved by these menstrua, and 
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even by spirit of wine containing 70-75 per cent, of alcohol. Its composition varies greatly within 
certain limits, but may be approximately stated as 24 per cent, of essential oil, 60 of resin soluble 
in boiling alcohol, and 16 of resin soluble in ether. Its medicinal properties resemble those 
of copaiba, but it is now almost obsolete in pharmacy. Its physical equalities render it valuable 
for mounting microscopic objects, and it is used for making varnish. It is obtained chiefly in 
Lower Canada, and shipped from Montreal and Quebec, in kegs and casks. The annual crop varies 
from 2000 to 7000 gal. The approximate London market value is 8d. a lb. 

3. Carpathian balsam (Fa., Terebinthine des Carpathes). — This turpentine is yielded by the Cem- 
bran, Siberian, or Swiss stone pine {Pinus Cembra), a tree forming the last zone of forestal vegeta- 
tion, and occurring in France only on the Brian^onnais Alps. The bark contains reservoirs of a 
liquid, colourless, limpid oleo-resin, having a pleasant odour, and acrid bitter flavour. It is rare 
in commerce. 

4. Chian or Cyprian turpentine (Fa., Terebinthine [Baiime] de Chio [Chypres] ; Geb., Chios, 
Cyprischer Terpentin). — This is a product of Pistachia Terebinthus, a shrub or tree of the Mediterra- 
nean islands and shores and Asia Minor, extending as P. palcestina to Syria and Palestine, as 
P. cabulica eastward to Afghanistan and Beluchistan, and as P. atlantica to N. Africa and the 
Canaries. The commercial source of the oleo-resin is at present exclusively the island of Chios 
(Scio), but the wide distribution of the plant would facilitate the increase of the supply if necessary. 
In the Algerian forests, it is abundant as a large tree (50 ft. high and 6 ft. circ.), and affords a 
spontaneous exudation during the hot weather amounting to 7-14 oz. Tliis spontaneous exudation 
is considered superior to that which is induced by incising or puncturing the bark, but is much less 
plentiful. Chios supplies the world’s needs of this turpentine from about 1000 trees, some being 
800-900 years old. Longitudinal incisions are made in the lower portion of the stems about April, 
when the trees are in full bloom. Tuese incisions are prolonged upwards more or less, according to 
the quantity of turpentine it is desired to obtain, the resinous juice being secreted in special cells 
in the bark. The incisions are renewed every year. The annual crop of Chios is about 300-400 ohes 
(of 2 '82 lb.), this being the quantity ordinarily demanded by the market ; but in an exceptional 
case, probably 3000-4000 okes could be secured in one season. The flow from the incisions 
continues during the whole summer, and the quantity amounts to about 10-11 oz. Acentury ago, 
the turpentine was caught from the incisions in little earthenware cups suspended from the stems ; 
but the low prices ruling in more recent years favoured carelessness in the collecting, and the com- 
mon practice of the present day is to leave the exudation to harden on the stem, or fall upon the 
sand or stones beneath. Hence the impure and inferior character of the modern drug. It under- 
goes some purification locally by being melted in the sun and strained through small baskets. The 
trade is almost exclusively in the hands of the Jews. 

The sole use of this turpentine in England is for medicinal purposes. It had long been virtually 
obsolete, when Dr. Clay’s success in treating cancer with it recalled it into notice, and created a 
demand for it which was greater than could be immediately supplied, whence much sophistication 
and substitution were resorted to, the favourite materials apparently being Canadian and common 
turpentine. Its chief characteristics are as follows. The flavour is feebly aromatic and tere- 
bintl linous, quite devoid of bitterness and acridity. The odour is pleasantly aromatic, faintly terebin- 
thinous, and quite characteristic ; it has been likened to elemi and to fennel, and is very distinct 
from coniferous oleo-resins. The consistence varies greatly with age. The solubility of the druo- 
in 1 vol. of warm rectified alcohol (60 o.p.) is almost complete ; it is not quite bright, but does 
not deposit to any large extent on cooling. Many of the coniferous resins may thus be detected. 
Organic remains are always present in Chian tui-pentine, from the method of collection ; these may 
be studied as additional evidence of the origin of the drug under examination. 

5. Common ^American and Bordeaux] Turpentine (Fa., Terebinthine commune-, Geb., Gemeiner 
Terpentin). — Common turpentine is aflbrded by a number of species of pine in both hemispheres. 
In Europe, they are chiefiy the Scotch pine {Finns syhestris) in Finland and Russia ; the Corsican 
pine (P. Lariciu) in Austria and Corsica ; the maritime fir or pin maritnne (P. Pinaster [jnaritima'J) in 
S.-W. France. In Asia, there are P. excelsa in Nepal and the Himalayas, P. longifolia in the 
Himalayas, P. Gerardiana in the Himalayas, P. Massoniana in Japan and Burma, and P. Khasyana 
and P. Latteri in Burma. In America, the swamp or Georgia pitch pine (P. anstratis [palustris]) 
and the loblolly (P. Tceda) in the S. United States, and the common red pine (P. resinosa) in 
Canada. The cultivation of these trees will be described in the article on Timber. In the present 
article, attention will be confined to their resinous exudations. 

The so-called “ pine barrens” of the United States extend from Virginia to the Mexican Gulf, 
especially through N. and 8. Carolina, Georgia, and Alabama, but the extraction of turpentine is 
an industry mainly developed in N. Carolina. In winter (November-March), the “ boxing ” is 
carried on. This consists in cutting cavities in the tree, at 6-12 in. above the ground, and shaped 
like a distended waistcoat-pocket, the lower lip being out horizontally, the upper one arched, and 
the bottom of the box being about 4 in. below the former, and 8-10 in. below the latter. The 
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capacity of each box ” is aboot 2-3 pints, and its purpose is to form a receptacle for the exudation. 
The boxes are cut by means of a specially-sliaped axe, and considerable skill is required to wield 
it properly, a chief object being to attain the desired capacity while approaching as little as 
possible the heart of the tree, and thereby endangering its life. An expert may make a box in 
10 minutes, or about 50-6?) in a day. The box being made and carefully cleaned of all chips, the 
exudation is induced by removing with the axe a thin slice from the upper lip of the box, including 
the bark and about 2 or 3 rings of the wood. There are commonly 3 boxes in a tree of 18 in. 
diam., it being a good rule to have at least 6 in. of face between the boxes. Some authorities are 
of opinion that it is beneficial to restrict operations to the northern face of the tree, the turpentine 
thereby retaining more of the volatile oonstitueiit, and the boxes being less exposed to the dust 
and leaves blown about by the southerly winds of summer. From the pared upper lip of the box, 
the sap begins to flow about the middle of March. From that time, the surface of the wound 
requires to be renewed every 7-10 days, which is effected by slicing off about ^ in. from its face, 
the object being merely to expose fresh tissue as fast as it becomes clogged by the exudation. 
The latter mainly collects in the box, and is dipped out at intervals by special ladles, and 
barrelled. By the repeated slicing of the upper lip of the box, the wound ascends the tree to a 
height of 12-15 ft., ladders being used in the later years during which the operation is prolonged. 
The higher the wound has been carried, the greater the surface passed over by the exudation on 
its way to the box, and the greater the proportion which solidifies prematurely on the wound. 
This is the portion which is termed ‘‘scrape” in America (see Thus, p. 1684), The liquid portion 
which collects in the boxes is called “dip,” in contradistinction. The scrape is removed about 
once a year ; by allowing it to accumulate excessively, the yield of dip is much reduced. The lat 
year’s flow of a newly-boxed tree is known as “ virgin dip,” and is separately barrelled, being of 
superior quality. All leaves and chips should be cleared away from around the base of the trees, 
to avoid the outbreak of fire, and afford no harbour for insects. 

The crude turpentine has to undergo a process of distillation, to separate the rosin ” from the 
spirit,’’ “ oil,” or “ essence ” of turpentine. This distillation is carried on mainly on the streams 
near the localities of production. During the Civil War, large quantities of the crude oleo-resin 
were shipped to England for distillation, but this has long since ceased to be the case. The little 
sent into the N. States undistilled is used for making printing-ink. The production in the 
United States in 1876 was stated at 300,000 casks turpentine-spirit, and 1,500,000 barrels (of 
280 lb.) of rosin. 

Both rosin and turpentine-spirit were made in Canada, during the American Civil War, from 
the common red pine {Pirns resinosa}, which grows abundantly in the N. counties of Ontario. 
The turpentine obtained from it is not identical in its qualities with that of the S. States, but 
forms a convenient substitute. Since the supplies of the southern article have resumed their 
normal condition, this manufacture has been abandoned. 

In the French departments of Landes and Gironde, the extraction (gemmage) of the crude 
oleo-resin is conducted in a much more rational manner. Towards the end of February or begin- 
ning of March, preparations are commenced by thinning down the rough bark till only the last 
cortical layers remain covering the sap-wood, thus presenting a smooth even surface. The thinning 
is confined to the space which will be operated on during the current season, allowing a margin 
of 4 in, in height and |-ly in. in width, so as to prevent bark fragments from falling into the 
receptacle placed to catch the exudation, and avoid the blunting of the edge of the instrument 
used in making the incision. The next operation, generally performed about Ist-lOth March, 
consists in cutting the resiniferous ducts by means of the abchotte. The workman cuts into the 
foot of the tree an incision with a convex top, termed a carre, measuring 4 in. wide, 1 a in. high, 
and ^ in. deep. The crude turpentine {gemme) escapes in viscous transparent drops, thickening 
by exposure to the air, a portion adhering to the carre, while the more liquid remainder flows into 
p receptacle. This latter was formerly a hole made in the earth at the foot of the tree, and named 
crot ; but since XS60, little earthenware dishes have come into general use, the oleo-resin being 
conducted into them by strips of zinc, called crampons. The renewal of the wound {pignage') is 
performed every 5-7 days. When the dishes are sufficiently full, their contents are emptied into 
p wooden basket termed an escauarte, the dishes are replaced, and the oleo-resin is conveyed to 
large reservoirs known as barcous, built of wood or bricks here and there in the forest, where it 
remains till required for manufacture. By the piqaage, the carre constantly increases in height, 
but never exceeds certain dimensions. These hav« been recently fixed at the following figures:— 
Height: 1st year, 22 in.; 2nd, 51 in.; 3rd, 80 in.; 4th, 109 in.; 5th, 148 in.; width, 3i in.; 
depth, i in., measured from a line parallel with the red part of the bark. 

There are two modes of gemmage : a mart and a vie. The former is applied only to trees which 
are to be felled, in which case, it is desired to extract the greatest possible quantity of turpentine 
in the shortest time, and with this object, a number (2-6) carres are made simultaneously. The 
latter system (a vie) is adopted with trees which are to remain growing (called pins de place), and 
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in which never more than one carre is opened at a time. When the first, at the end of 5 yearn, 
has a height of 148 in., the tree is allowed to rest for several years ; a fresh one may then be made 
at a distance of not less than 6-8 in. from the last. The old-fashioned plan of collecting the 
turpentine in a hole in the ground is termed gemmage an crot • the moilem plan of using earthen- 
ware dishes is known as the systeme Sw/ues. By the latter, the yield is increased J, and the value 
10 francs (8s.) a barrel, while the additional cost is about 5c. (2Jd.) a tree per annum. The 
gemmage a mart, on trees which are to be felled, is perforraecl as soon as they are large enough to 
support a carre, which is when they are 16 in. round, usually attained at an age of 20 years. 
Until 1877, in the government forests, the gemmage a vie was commenced on reserved timber at a 
circumference of 39 in., but this has since been increased to 43 in., when the pines are 30-35 years 
old. The mean annual yield per hectare (of 2j acres) of turpentine and “ thus ” varies from 240 kUa, 
(of 2 • 2 lb.) in the younger forests, 
to 450 hilo. in those where the 
trees are mostly 40-70 years of 
age. The yield, however, fluc- 
tuates greatly both in quality and 
quantity, according to the season 
and other varying conditions. 

The tools employed by the 
resiniers or collectors are shown iu 
Fig. 1183. The abchotte or abchot 
A is a sort of axe, used to make 
the carrea and to renew the wound. 

The barrasquite B has a sharp, 
narrow, curved blade, while the 
pousse C is broad and straight; 
these two implements are em- 
ployed in detaching the barras 
and galipot (see Thus), as well as 
in the barking operation, the 
barrasquite being adapted for use 
only at an inclination, and not 
above a height of about 8 ft. 

The pelle serves for barbing the 
lower part of the tree, for con- 
structing and cleaning the crots, 
according to the old mode of 
gemmage, and for removing the 
oleo-resin therefrom to deposit it 
in the escouarte. The little glazed . - 
earthenware pot E receives the ^ 
exudation, which latter is re- 
moved from it by a small iron 
spatula. The crampon F is a 
curved zinc blade armed with 
5 teeth ; it is driven into the carre 
to conduct the flow of oleo-resin 
to the receptacle. 

The gemmage of the pin tnari^ 
time is almost confined to the 
basin of the Garonne. Attempts 
were made in Sarthe or Mayenne, and in Sologne, but unsatisfactory results caused their abandon- 
ment. The operation was formerly carried on on the Mediterranean shore, but has been given up 
in face of the enormous production of the Landes. It is recorded that the extraordinary cold of 
last winter (1880-1) killed nearly all the phis maritimes in N. and Central France, causing enormous 
losses, notably in Sologne. The occasion was seized by Prilleux to test the correctness of the 
popular belief that frost destroys the oleo-resin ; the result of his investigation was that the dry 
wood of trees not killed by frost gave only 2-3 per cent, of resin, while those which were killed 
gave 3-4 per cent. This probably signifies that the dead tissue was not capable of retaining any 
of the oleo-resin, rather than that the frost actually augmented the secretion. About 600,000 
hectares of this pine now exist in the Landes and on the sand-dunes. The annual exports now 
amount to the following figures : — To Belgium, England, and Germany, 3 million fr. worth of 
turpentine-spirit; to Germany and England, 2J million fr. worth of distillation residues (rosin. 
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pitch) ; finally, to Gtermany, England, and Holland, J million fr. worth of tlins, tar, &o. The 
consumption in France is estimated at 9 million fr. The total harvest in 1874 was 29,395,417 Mo. 
(of 2-2 lb.). 

Many improvements in the distillation of the crude oleo-resin and its products have of late 
years been introduced in France. The arrangement of the apparatus for the firot distillation, the 



separation of the rosin and the spirit of turpentine, is shown in longitudinal section in Fig. 1184, 
and in cross section on the line A B in Fig. 1185. The crude oleo-resin, after a certain amount of 
mechanical purification by straining and settling, is placed in the boiler 6, fitted with a movable 

lid, heated by the fire a, and furnished with a steam-coil c. 
After 5-6 hours, the temperature reaches 90° (194° F.), and 
liquefaction is complete. At d, is an outlet provided with 
a grating, and all the material reacliing above tliis sort of filter 
runs into the receptacle e ; there then remains in the boiler 
^ ^ ' but a very small quantity of turpentine (crude) mixed with 

foreign matters. The distilled turpentine is next transferred 
from the receiver « to a reservoir /, called the “ charge,” hold- 
- iug the exact quantity (about 66 gal.) for each operation to be 

introducedby the pipe g' into the still which is traversed hr he 
section-line A B. In this still (a. Fig. 1185), a perforated worm 
permits the introduction of steam when the turpentine, heated 




St/dion orv A.B. 


by the fire 6, has attained a temperature of 135° (275° F.). Effervescence ensues, and the “ spirit ” 
or “ essence ” separates completely. At c, is an opening closed by a wooden bung, and carefully 
luted. When the spirit ceases to pass into the serpentine receiver (A, Fig. 1184), the operation 
is suspended ; the rosin, at a temperature of about 130° (266° F.), escapes at c into a box d, and 
thence into a cylinder e formed of very fine metallic gauze. This cylinder is made to revolve 
on its axis ; the rosin falls through into a receptacle, while an unimportant residue remains inside. 
The rosin may be at once barrelled and shipped. The spirit leaving the serpentine cooler (h. 
Fig. 1184), being cloudy, is placed in large earthenware jai s holding about 66 gal. and with clay- 
luted covers, recalling the timjas used in the olive-oil industry (see p. 1403). Here it remains 
4-5 days, and deposits the little remaining impurity. Copper vessels are sometimes substituted 
for these jars, and with advantage. 
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In some works, a few improvements have been made in the foregoing processes. The boiler b 
(Fig. 1184) may be fitted with an agitator, thus preventing solid matters from burning on to the 
bottom. Its cover may carry rims for containing water to condense the vapours. Thermometers 
may be placed in the boiler and still for regulating the temperature. Finally, it has been 
attempted to employ steam-heat throughout, as being more easily controlled. 

The treatment of the residues is described under Pitch, Kosin, and Tar (pp. 1678-81, 1683—4). 

The crude turpentine commonly reaches the works in barrels containing about 50J gal., and 
weighing about 517 lb. The yield from this by the oldest method was only 33 lb. of turpentine- 
spirit, which was increased to 83 lb. by using hot water in the still of Fig. 1185, while by the 
adoption of steam, the result is 99 lb. of turpentine-spirit, and about 352 lb. of dry matters. The 
steam process not only effects a greater yield, but produces a better article, and requires less time 
and labour. 

The Russian method of tapping differs essentially from both the American and the French. 
The trees, when 20 ft. high below the branches and 3|-7 in. thick, are stripped of a piece of bark 
about 28 in. wide, and leaving only about 2-3 in. of the trunk undenuded, preferably on the north 
side. The oleo-resin exudes and becomes inspissated on the barked patch (really forming “ thus ”), 
and is scraped off in the following autumn, averaging about 14 oz. to a tree. Next year, the 
barking is continued in narrow rings for a distance not exceeding 16 in., and the product may 
amount to 21 oz. In the 3rd year, it reaches. about the same figure ; in the 4th, it falls back to 
14 oz. In the 5th year, 24 in. are removed, but the yield is then small ; the barking is stopped in the 
6th year, hut the tree is left standing for 3-4 years, becoming saturated with oleo-resin, and thus 
of increased value for the tar-oven (see Tar, p. 1683). 

The Indian conifers already named are capable of affording considerable quantities of tnrpen- 
tine, probably at a price which would be remunerative in local markets, but not for export in 
competition with the American article. 

Common turpentine is a honey-like liquid, of strong, disagreeable, characteristic odour, and 
acrid, bitter, nauseous flavour ; it is soluble, in alcohol, ether, carbon bisulphide, and fixed and 
volatile oils. The drying propensity varies, being strongest in the Bordeaux kind. By aqueous 
distillation, the common turpeutines yield 15-30 per cent, of essential oU (see Vegetable Volatile 
Oils, p. 1431). The consumption of common turpentine in the preparation of varnishes and paints 
is very extensive. The approximate London market value of American turpentine in casks is 
20-30s. a cwt. 

Turpentine is very rarely exported in its crude state, but the commerce in turpentine-oil (called 
also “ spirit ” and “ essence ”) has considerable importance. Our imports were 236,026 cwt, value 
271,618/., in 1876 ; 324,145 cwt, 358,000/., in 1878 ; and 271,699 cwt., 378,838/., in 1880. Of the 
last-mentioned, the United States contributed 261,911 cwt., 365,752/. Our re-exports in 1880 were 
5715 cwt., 8319/., to France; 5531 cwt., 6231/., to Belgium; 4404 cwt., 6640/., to Holland; 
8203 cwt., 12,742/., to other countries. Our imports from the United States rose from 228,429 cwt. 
in 1876, to 322,251 in 1878, but receded to 261,911 in 1880. The American port of Boston 
received 217 bar. crude turpentine and 6546 bar. turpentine-spirit in 1880, and exported 730 bar. of 
the latter. New York exported 135 bar. crude turpentine in 1878, and 58 in 1879 ; and 17,243 bar. 
turpentine-spirit in 1878 and 5824 in 1879 ; of the spirit shipped in 1878, 4814 bar. came to Great 
Britain, 2023 bar. went to N. Europe, 1238 bar. to other Europe, 9107 bar. to S. America, the E. and 
W. Indies, &c. Wilmington, in 1878, sent 11,024 bar. spirit coastwise, and exported 107,152 bar., 
total value, 266,927/. ; and of crude, 3087 bar. coastwise and 1449 abroad, total value 1844/. 
Savannah, in 1879, exported 512,268 gal. turpentine, of which, 274,717 gal. came to British ports ; 
in 1880, the figures were 21,743 bar. spirit coastwise, and 605,412 gal. exported. Mobile, in 1880, 
sent 25,109 bar., value 73,240/., to the interior of the United States. The Greek port of Syra, in 
1877, sent 112/. worth of turpentine to Egypt, 112/. to Turkey, and 107/. to Great Britain. 

6. Hungarian balsam (Fa., Terebinthine d’Hongrie). — The dwarf or mountain pine (_Pinus Pumilid) 
yields a pale-yellow clear liquid, of herbaceous odour and piquant flavour, still known under 
the name of Hungarian balsam, but hardly met with now in commerce. Its essential oil is used as 
an inhalation in throat-diseases. 

7. Strassbarg turpentine (Fb., Terebinthine P Alsace, de Strasbourg, du sapin, or au citron ; Geb.) 
Strassburger Terpentin), — Tnis oleo-resin is afforded by Pinas Picea [Aiiies pectinata'], the silver fir, 
whose geographical distribution is recorded under Timber. The secretion of the oleo-resin is 
analogous to that of Canadian turpentine, and its collection is effected in a precisely similar manner. 
It is afterwards filtered through bark funnels. In all respects, it bears a close resemblance to 
Canadian turpentine, except in wanting the acrid bitterish flavour of the latter, and any distinct 
fluorescence. It possesses the properties of common turpentine, with the advantage of a very 
pleasant odour. It was formerly held in great medicinal esteem, but is now nearly obsolete, and is 
collected only in very small quantity near Mutzig and Barr, in the Vosges. 

8. Venice or Larch turpentine (Fe., Terebinthine de Venisc, dc Briangun, du me'leze, Suisse ; Gee, 



1692 


RESINOUS AND GUMMY SUBSTANCES. 


Venetiani»eher, Larchen Terpentin ). — This variety of tnrpentine is obtained from Pinus Larix {^Larix 
europaa], the European larch (see Timher). The collection of the oleo-resin is carried on chiefly 
about Mats, Meran, Botzen, and Trent, in the Tyrol ; occasionally and in trifling quantity in 
the Valais, Piedmont, and some places in France. The resiniferous canals of this species are 
situated mainly in the sap-wood, hence a special mode of extractii m is necessary. This consists in 
cutting a hole to the centre of the tree, at about 1 ft. above ground, in the spring of the year; this 
is plugged up till the autumn of the same or the following year, when it is opened, and the 
accumulated oleo-resin is removed in an iron spoon. The yield thus amounts to about J lb. vearly, 
•without appreciable damage to the tree. Formerly, in the Piedmontese and French Alps, a number 
of wide cavities were made, and left open ; the product in this case reaches 8 lb. annually, but 
the timber is greatly injured, and the tree soon ceases to yield at all. It is further urged in support 
of the molern plugging process that it tends to maintain the transparency and purity of the 
turpentine. 

Venice turpentine is less siccative than any other kind. It is a slightly turbid, translucent, 
pale-yellow, thick liquid, of leas pronounced odour than common turpentine, and an acrid, bitter, 
aromatic flavour. It has no special medicinal qualities, and is scarcely known now in English dis- 
pensing, though useful for plaisters. It is often prescribed in veterinary practice, but is then 
generally replaced by an artificial compound of rosin and turpentine-oil, the true article bein°- 
absorbed by the Continental markets. 

Vamish.es [Uatural].— This term is applied to a group of products resembling the 
well-known Burmese lacquer. The chief kinds to be described are (1) Burmese, (2) Cingalese and 
Indian, (3) Japanese and Chinese. 

1. Burmese . — The ihit-tsi of the Burmese is a thick, viscid, greyish, terebinthinous fluid, soon 
assuming a black colour on exposure to the air. It is contained in every part of the tree called 
Melanorrhcea usitatissimn, a native of Burma, and extending to the N.-E. frontier of Silhet and 
Tippera, and identical with the iAeu tree of that district. The geographical range may be stated as 
lying between Munipur (25° N. lat., 91° E. long.) and Tavoy (11° N. lat., 97° E. long). The tree 
attains its greatest size in the valley of Kubbu, and becomes smaller as it approaches the sea on the 
Tenasserim coast, where it frequents comparatively low situations. The extraction of the varnish 
is performed in the following simple manner. Short joints of a thin kind of bamboo, sharpened to 
a pen-like point at one end, and closed at the other, are thrust slantwise into wounds in the bark of 
the stem and main boughs, and left for 24-48 hours ; on removal, their contents, rarely more than 
J oz,, are emptied into a rattan or bamboo basket previously varnished over. The collecting season 
lasts while the leaves are ofi" the trees, or from January till April; the bamboos are renewed 
as often as the juice requires, and are sometimes inserted to the number of 100 in a sinrie tree. A 
good tree will produce lJ-4 ties (of 3J lb.) annually. At Prorae, the pure article fetches about 
2s. 6d. a vise. It is commonly adulterated with gingelly-oil. It dissolves in alcohol, turpentine- 
spirit, and benzol, assuming greater fluidity. It may be diluted with gold-size, which tends 
to hasten its drying and intensify its colour, while turpentine renders it browner. Locally it is used 
in enormous quantities in lacquering furniture, temples, idols, varnishing vessels for holding liquids, 
and paying river-airaft. The very long time it occupies in drying has given rise to unfavourable 
reports on it in European industry. 

2. Cingalese and Indian . — The black varnish of Ceylon is derived from a species of Semecarpus, and 
similar products are obtained in India from S. Anacardiumia the Concans, Coromandel, Courtallum 
Guzerat, Bengal, and Travancore, from S. travancorica in the moist forests of the Tinnevelly 
and Travancore mountains, and from Holigama longifolia, a common tree about the W. ghats of the 
Madras presidency, and occurring in Bombay and Bengal. The juice exudes from natural fissures 
in the bark of the latter, and from the pericarp of the three former, hardening, and assumino- a black 
colour. It forms an excellent varnish, adhering strongly to wood and metal. It is also used as a 
marking-ink, much the same as the juice of the W. Indian Anacardiam occidentale, or cashew-nut 
(see Nuts, p. 1352). 

3. Japanese and Chinese . — The natural varnish of Japan and China is derived from several 
species of Bhus, whose fruits afford the Japan wax of commerce (see Wax). The stems of the trees 
are incised at the age of 4-5 years, and the productiveness only lasts for 3 years. The implement 
used is a sort of double hook called kaki gama ; with it, a horizontal gash is first made in the bark 
then an incision in the centre of the gash. The exudation is collected on an iron spatula and 
poured into a vessel suspended from the collector’s waist. The incisions are continued upwards till 
the whole tree has been wounded ; it is then cut down, the branches are lopped off, soaked in water 
for 10-20 days, and abundantly incised. The product is most extensively employed in Japanese 
and Chinese lacquer-work. 

•Wood-apple (Gee., FercmiagummI).—Ko arabic-like gum of some industrial importance is 
afforded by the wood-apple tree (Feronia elephantum'), an Indian tree, found in Coromandel, the W 
eoast, Guzerat, and probably Travancore and Burma. The gum is used by dyers, and by painters" 
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in miniatnre and on chintz; it is also employed in making ink and some Tarnishes, and in 
preparing flue whitewash. It affords with water a brownish tasteless mncQage, not less adhesire 
than that of gum arable. For preparing water-colours, it has a reputation beyond aU other gums. 
It is much cheaper than gum arable, while apparently equal to it for all purposes. 

Xanthorrhoea, Botany Bay, Black-boy, Grass-tree, or Akaroid resin, or 
Ground-sbellac. — These names have been applied at various times to the resins afforded by the 
Xanthorrhoeas, of which over half a dozen species have been identified, all indigenous to Australia. 
In W. Australia, tliese plants form a principal feature in the vegetation. In Gippsland and 
the Western Port district of Victoria, X. aastralis abounds on morassy and sandy heaths. All species 
contain a large quantity of resin, which exudes naturally in such a degree as to cover the base of 
the leaves and the subterranean portions of the plant, while by crushing the woody stems and sift- 
ing or washing away the chips, some 50-60 lb. of the resin may be got from a single specimen. 
It is usual to distinguish the resins as “red” and “yellow.” The former is ascribed by Wiesner 
exclusively to X. australis, and the latter to X. hastilis; while X. arborea is accredited with the pro- 
duction of both kinds of resin, the fact probably being that it gives a yellow resin becoming super- 
ficially red by age. On this point, there is much difference of opinion. All kinds are completely 
soluble in alcohol, and have a pleasant benzoin-like odour. They have been employed in the manu- 
facture of spirit- and other varnishes, especially for application to metals. Their lime and soda 
soaps are used in sizing paper. They may also be availed of for the manufacture of picric acid, and 
an illuminating-gas much cheaper (locally) than coal-gas. The yellow kind is used for staining 
wood in imitation of cedar. It is said that it can be produced at a cost not exceeding 61. a ton, 
while possessing a value of 301. a ton in Melbourne for varnish-making purposes. 

Miscellaneous. — Besides the foregoing important products, the following species may be 
recorded as capable of yielding resinous or gummy substances : — 

Adenanthera pavonina, in Ceylon, the Peninsula, Travancore, SUhet, and Assam ; a gum. 

^gle Marmelos (see Drugs — Bael, p. 793) : an amber-coloured gum in small tears, which has 
been styled as a “ good arabio.” 

Agaii grandifiora, iu Travancore : a kino-like exudation. 

Ailantm excelsa, in the N. Cirears and Coimbatore : a gum resembling moringa, only 
partially soluble. 

Aitantus malabarica, in Travancore and Malabar : a dark-brown, homogeneous, soft gum-resin, 
of fragrant odour, sometimes burnt as incense. 

Artocarpus incisa, in Ceylon : a gum or resin called ratadel. 

Azadiraohta indioa, in the Peninsula and Assam : said to form a portion of E. India gum (arabic), 

Bassia spp. (see Oils, pp. 1392, 1394, 1408, 1410): white milky gums from deep incisions around 
the trees, but quite useless commeroially. 

Bauhinia spp, (see Fibrous Substances, p. 921) ; brownish, mild, cherry-like gums. 

Borassus flabelliformis (see Fibrous Substances, pp. 932-3) : a black gum. 

Calyptranthes caryophylUfolia, in the Peninsula and N. India : “ navel-tree ” gum, or a kino-like 
substance. 

Careya arborea, in the Peninsula, Concans, and Travancore : a greenish gum. 

Cassia spp. (see Drugs, p. 798, Spices) : a dark-coloured soluble gum, and from C. auriculata an 
esteemed medicinal resin. 

Cedrela Toona, at the foot of the Himalayas : a gum or resin. 

Celtis oriewtalis, in Coromandel, Bengal, and Travancore : a gum resembling cherry. 

Ceradia furcata, in S.-W. Africa : a myrrh-like gum-resin (see p. 1625). 

Chickrassia tabularis, in the Cunnawady Hills (India) : transparent, amber-coloured gum. 

Chrysophyllum ramiflorum, the oaca or guariba of Brazil. 

Clusia spp., in Tropical America : chiefly C. insignis (a medicinal resin from the flowers), C. alba, 
C. rosea, and C. flam (pitch-like resins from the stems), C. Galactodendron (a palo-^e^vaca or “ cow- 
tree ”), C. Duca (diica resin, used as incense), C. Calaba (a copal resin called aceite de Maria). 

Cordia Eothii, in Mysore : a gum. 

Cycas circinalis, in the S. Concans : a tragacanth-like gum. 

Elate sylvestris, common throughout India ; a glossy, dark-brown, flexible gnm. 

Emblica officinalis, common in most parts of India : a brittle gum in stalactitic pieces. 

Eriodendron anfractuosum (see Fibrous Substances, p. 948) : a vinous-red, semi-soluble gum, 
resembling moringa. 

Erythrina indica, in Coromandel, the Concans, and Assam : a dark-brown opaque gum of no 
promise. 

Garaga pinnata, in Coromandel, Assam, and N. India : an inferior gum called eurvamboo. 

Grevillea robusta, iu Australia : a vinous-red, semi-soluble gum resembling moringa. 

Grislea tomentosa, in the Peninsula, Concans, W. Ghats, and N. India ; a white kuteera-like 
gum, used in dyeing. 
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Gyrocarpus Jacquinii, in Coromandel : a black tar-like gum called poongallee, 

Heritiera littoralis, in Ceylon : a gum or resin called mendora. 

Jatropha Curcas, in Coromandel and Travancore ; a gum. 

Lucumii spp., in Brazil : i. gigantea (the Jaqud), L. fissilis (the guaracud), L. lasiocarpa (the 
dbiarand), L. laurifoUa (tlie guapeha xermelhci), L. procera (the magaranduba blancci). 

Macaranga spp., in Malabar and Travancore : a pure light-crimson gnm, used for taking im- 
pressions. 

Melia Azedaach, in N. India, the Deccan, and Concans: a tasteless, soluble gum, resembling 
wood-apple. 

Melia sempervirens, in W. Indies : a gum of small importance. 

Mesua ferrea (see Dyestnifs — Nagkassar, p. 864, Perfumes— -Nagkassar, p. 1526) : an oleo- 
resin that might replace Canadian turpentine. 

Michelia Champaca (see Oils — Ilang-ilang, p. 1422) : a gum. 

Mimusops Eletigi, in the Circars, W. Ghats, the Peninsula, and Silhet : the pognda gum of 
Madras. 

Nerium suaveolens, in Madras ; a dull-red gum. 

Opuntia rubescens, in Brazil : a knteera-like gum. 

Panax Colensoi, in Hew Zealand ; an arabic-like gnm, occasionally used for adhesive purposes. 

Pittosporum spp., in New Zealand : a gum-resin in very small quantity. 

Podacarpms cupressina, in Java : a resin (see p. 1625). 

Poinciana elata, in Coromandel, Malabar, Giizerat, and Arcot : a gum. 

Poinciana regia, in Madagascar ; abundance of gum. 

Pongamia glabra, in Coromandel, Concans, Deccan, Patna, and Assam : a thick, black, opaque 
gum. 

Prosopis spicigera, in Coromandel : a gum resembling mezquito. 

Punioa granapim, in Barbary : “ pomegranate-gum.” 

Sapindus spp. (see Nuts — Soap-nut, p. 1360); a gum. 

Soymida febrifuga, in Central and S. Provinces and Guzerat : a tolerable gum. 

Spondias mangifera, in the Peninsula and Upper India : a mUd, insipid, arabic-like gum. 

Stereospermnm suaveolens, in the Deccan, Bengal, and W. coast : a moringa-like gum. 

Tamarindus indica (see Fruit — Tamarinds, p. 1028) ; a black gum. 

Tamarix dioioa, from Sind to Assam and Burma : a friable, soluble, pale-yellow gum. 

Terminalia spp. (see Oils — Myrobalan, p. 1396, Tannin — Myrobalans); abundance of trans- 
parent soluble gum resembling arabic ; best and most from T. belerica. 

Thespesia spp. (see Ifibrous Substances, p. 998) : a dark, tasteless, cherry-like gum. 

Vachellia Farnesiana, in Bengal, Assam, and the Peninsula : an abundance of arabic-like gum. 

Wrightia spp., in Ceylon and S. India : gums used for ordinary purposes. 

Zizyphus flexuosa, in Nepal ; simli gum, resembling inferior arabic. 

Commerce in Unenwmerated Gums and Pesins . — Our imports of unenumerated gums and resins 
were 74,077 cwt., 264,995i., in 1876 ; 86,972 cwt., 274,5771, in 1877 ; 76,152 cwt., 301,858/., in 1878 ; 
82,327 cwt., 344,410/., in 1879 ; 92,283 cwt,, 345,087/., in 1880. The figures for 1880 were made up as 
follows Straits Settlements, 19,225 cwt., 76,721/. ; Bombay and Sind, 18,364 cwt., 54,073/. ; British 
W. Africa, 7750 cwt., 26,078/. ; Egypt, 7309 cwt., 19,450/. ; Holland, 6303 cwt., 16,035/. ; France, 
5304 cwt., 17,960/. ; Turkey, 5258 cwt., 44,420/. ; Morocco, 5226 cwt., 19,044/. ; Aden, 4824 cwt., 

19,072/. ; other countries, 12,720 cwt., 52,234/. Our ezports of unenumerated gums in 1880 were ; 

17,251 cwt., 83,608/., to United States ; 11,830 cwt., 38,647/., Bussia ; 11 ,025 cwt., 38,823/., Holland ; 
8530 cwt., 31,188/., Germany; 4740 cwt., 22,509/., France; 3432 cwt., 10,724/., Belgium ; 9888 cwt.’ 
27,823/., other countries ; total, 66,696 cwt., 253,322/. The imports of unenumerated gums from 
Portugal were 572 cwt. in 1876, 350 in 1878, 420 in 1880. From Portuguese W. Africa ; 516 cwt in 
1876, 3 in 1879, 163 in 1880. From the PBilippines: 373 cwt. in 1877, 1766 in 1880. From European 
Turkey: 773 cwt. in 1877, 1818 in 1878, 1007 in 1880. From Asiatic Turkey: 4532 cwt. in 1876, 
13,035 in 1878, 4890 in 1880 ; Musyna, in 1879, sent 25 tons, value 2750/., to France, and 168 tons’ 
17,800/., to Turkish ports; Aleppo, in 1880, sent 18 tons, 2880/., to England, 8 tons, 1280/.’ 
to France, 2 tons, 320/., to Italy, 4 tons, 640/., to Austria, 8 tons, 040/., to Turkey, 15 tons, 1200/., 
to Egypt; total, 55 tons, 6960/.; Samsoon exported 774 cwt., 6192/., in 1880; Adana exported 
1820 bales, 12,487/., in 1878. From Egypt (excluding « arabic ”) : 3889 cwt. in 1877, 8072 in 1879, 
7309 in 1880. From Morocco (excluding “ arabic ”) ; 8168 cwt. in 1876, 3763 in 1879, 5231 in 
1880 ; the exports from Mogador in 1880 (including arabic, euphorbium, and sandarach) were :— 
1427 casks, 12,725/., to Great Britain ; 140 casks, 1185/., to France ; 10 casks, 70/., to Portugal ; 
1 cask, 81., to Spain; total, 4115 quintals. From W. Africa : 2911 cwt. in 1876, 629 in 1878,'773 
in 1880. From E. Africa: 1181 cwt. in 1876, 381 in 1877, 966 in 1880. From Persia: 639’cwt. 
in 1876, 2469 in 1877, 362 in 1880; Bushire, in 1879, sent 1200 rupees’ worth of “Persian gum” 
to England, and Bahrein sent 50 rupeed worth to Koweit, Bussora, and Bagdad. From British W. 
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Africa : 5675 cwt. in 1476, 4134 in 1878, 7547 in 1880. From Aden : 5001 cwt. in 1877, 9841 
in 1880. From Bombay : 16,693 cwt. in 1876, 27,866 in 1877, 19,862 in 1880. From the Straits 
Settlements (excluding guttapercha and lac) : 9832 cwt. in 1877, 7567 in 1879, 19,225 in 1880. 
From S. Australia : 373 cwt. in 1876, 4442 in 1879, 3908 in 1880. Panama exported 14/. worth 
of “ balsam ” to the United States in 1879. 

Bibliography. — T. Milliner, ‘ Gewinnung und Verarbeitung des Schwarzfohrenharzes ’ (Vienna : 
1867) ; C. C. F. Deniau, ‘ Le Silphium [Asafoetida] ’ (Paris : 1868) ; F. A. Fliickiger, ‘ Gummi 
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India ’ (London : 1874) ; G. W. Strettell, ‘ Caoutchouc from Chavannesia esculenta ’ (Rangoon : 1874) ; 
Curie, ‘Produits resineux du pin maritime’ (Paris: 1874) ; F. Bonquinat, ‘Les arbres resineux’ 
(Chalon-sur-Saone : 1875) ; C. E. Markham, ‘ Cultivation of caoutchouc-yielding trees in British 
India ’ (Jour. Soo. Arts, Vol. xxiv.. No. 1220, London : 1875-6) ; A. Herlant, ‘ Produits r&ineux 
des Coniferes ’ (Brussels : 1876) ; J. E. O’Conor, ‘Lac : production, manufacture, and trade ’ (Cal- 
cutta : 1876) ; E. Hirschsohn, ‘ Galbanum, Ammoniaque, Opopanax et Sagapenum ’ (Paris, Ghent, 
Leipzig : 1876) ; A. W. Miller, ‘ Mezquite Gum ’ (Pi, arm. Jour., Vol. vi. [xxxv.]. No. 309, London : 
1876); A. Corre, ‘The Gums of Senegal’ (Pharm. Jour., Vol. vii. [xxxvi.]. No. 329, London; 
1876-7) ; E. Cross, ‘ Report on Indiarubber trees of Para and Ceara, and Balsam of Copaiba ’ 
(London ; 1877); Croizette Desnoyers, ‘ Le gemmage du pin maritime ’ (Paris ; 1878); M. Giraud, 
‘ Origin of Tragacanth ’ (Pharm. Jour., Vol. viii. [xxxvii.]. No. 405, London ; 1878) ; F. A. 
Fliickiger, ‘Luban mati and Olibanum’ (Pharm. Jour., Vol. viii. [xxxvii.]. No. 407, London; 
1878) : J. Morel, ‘ Resinous Products of the Coniferm’ (Pharm. Jour., Vol. viii. [xxxvii.]. Nos. 368, 
371, 381, 384, 394, 403, 411, 415, 417, Vol. ix. [xxxviii.]. Nos. 451, 453, London; 1877-9); 
H. Trimen, ‘ The Plants atfording Myrrh ’ (Pharm. Jour., Vol. ix. [xxxviii.], No. 462, London ; 
1878-9) ; G. H. Prochazka and H. Endemann, ‘ Chicle ’ (Pharm. Jour., Vol. ix. [xxxviii.], 
Nos. 469-70, Ijondon ; 1878-9) ; Fluckiger and Hanbury, ‘ Pharmacographia ’ (London ; 2nd 
ed. 1879) ; B. H. Parker, ‘ Myrrh ; its composition and impurities ’ (Pharm. Jour., Vol. x. [xxxix.]. 
No. 475, London: 1879); R. Hoffer, ‘Kautschuk und Guttapercha’ (Vienna, Pest, Leipzig: 1880); 
E. H. Parker, ‘ Chian Turpentine ’ (Pharm. Jour., Vol. x. [xxxix.]. No. 521, London : 1880) ; 
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(See Indiarubber' Manufactures ; Oils [Vegetable Volatile] ; Varnish; 'Wax.) 

rope (Fe. Cordage ; Gee., TauwerK). 

Of the industries dealing with fibrous materials, rope and twine manufacturing has been the 
latest to come under the influence of the mechanical inventor. Its comparative insignificance for a 
long time was its chief protection. Whilst the textile industries offered larger fields and greater 
rewards to the ingenuity of the schemer, this department was ignored. Rope and twine manu- 
facturing as an industry was scattered all over this country in the towns and villages, but flourished 
mostly at or in close proximity to our sea-ports, where, for the supply of shipping, there existed tlie 
greatest demand for its products. As in every otlier handicraft, the processes until within a com- 
paratively recent period, were of a rude and primitive character, having been transmitted from one 
generation to another through centuries, most probably without important modification. With the 
rise of the modern system of manufacturing, the growth of population, and the enormous development 
of commerce, our requirements were so largely increased that these primitive methods no longer 
sufficed to satisfy them. The inventor’s aid was therefore called into requisition, and the result has 
been that, within the past 15-20 years, the ancient methods of manufacture have been quite 
revolutionized. 

The raw materials employed in the manufacture of ropes, cords, and twine, are very various, 
and include hemp, flax, cotton, jute, manilla-hemp, coir, horse-hair, wool, camel-hair, and other 
animal fibres. In addition to tliese, iron, copper and brass-wire are sometimes employed, the first- 
mentioned metal having come into extensive use. In remote times in this country, the native 
rushes orjanci were employed for making ropes, whence the word “junk,” worn-out rope. To the 
preceding, the economical proclivities of the times have added the tows of the various fibres, 
scutohing-waste, jute-cuttings, old ropes, refuse fibres, gunny-bags, sacking, and almost every 
description of waste from fibrous materials that can be combined by the twisting process into 
a yam. 

The highest qualities of the various articles are made from the best materials, such as the long 
line of the hemps and flaxes, and sound cotton. Medium sorts are produced from jute, various 
coarse fibres, and the tows of hemp and flax. Inferior descriptions are obtained from the wastes 
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and broken-np materials jnst mentioned. Each of these leading divisions possesses nnmeioas 
grades, accordingly as the materials employed will permit of being assorted into different 
qualities. 

It is probable that, as the fibrous plants of different countries become better known, numerous 
additions will be made to the list, as it is certain that for these purposes, there are many quite 
as suitable as any now in use, almost unknown save to scientific inquirers. The qualities requisite 
are pliabUity, softness, smoothness, strength, and a length of staple of from 3 in. upwards. 

The word “ rope,” properly used, implies an article exceeding 1 in. in circumference ; smaller 
descriptions are named “ cords,” “ lines, ” “ twines,” “ threads,” &c., and their constituents, 
“ yarns.” After the preparatory stages have been gone through, the product of the first operation, 
which is spinning, is “ yam.” A given number of yams — more or less, according to the thickness 
of the article required — are twisted together to form a “ strand ” ; three of these combined by the 
same means compose a “ rope ” ; whilst a similar union of three ropes constitutes a “ cable.” 

In making cordage of all kinds, the object of twisting the fibres is to obtain increased length. 
Singular as it may appear, it has been afiBrmed, and probably with truth, that this twisting of the 
fibres does not increase the strength, but considerably diminishes it. If a given nnmber of fibres 
of equal length be placed in parallel order, and their tensile strength be tested, it will be found 
considerably greater than that of the same fibres twisted into a compact cord. This is because, in 
the first case, the strain upon each fibre is equal to that upon every other, and the total strength is 
that of all of the fibres added together. When these fibres are twisted, those forming the external 
layer, having to wrap round those constituting the core, are strained both in this process and 
when their tensile power is tested, and are the first to break, thus leading to the fracture of each 
in detail. From experiments that have been made, it has been found that this loss of strength 
amounts to 30 per cent, of the strain-hearing power of the untwisted fibres. The object, therefore, 
being to get continuity of length, all twisting which exceeds that necessary to prevent the fibres 
slipping over each other when a strain is applied is to be avoided, as entailing a loss of strength. 

Hemp (see Fibrous Substances, p. 934), the material of which the best ropes are ordinarily 
composed, as compared with flax, is much coarser and stronger, but is cultivated and treated in a 
very similar manner, the processes of retting, breaking, and hackling being like those of flax. 

Haki>-made Coedage. — I n those establishments where the manufacture of ropes is still carried 
on by hand, the first operation is “ hackling.” A certain quantity of hemp is weighed to the hackler, 
and given proportions of this are combed out at one operation. The hackle or heckle consists of a 
number of steel pins vertically inserted in a board with their points upward. The fineness of these 
pins depends upon the character of the work. The operation of hackling differs little from that 
described in Linen Manufactures (p. 1244), detailing the treatment of flax. Each hackled portion 
is tied into a bundle, technically called a “ strick of hemp.” This is then passed to the spinner for 
making into yam. The spinning process is conducted in a long covered walk, termed the “ rope- 
walk,” which is furnished with the simple means necessary for the conduct of the different opera- 
tions. The principle end of this walk is usually called the “head ” or “ fore-end,” and the opposite 
extremity, the “ foot ” or “ back-end." At one end is a spinning-machine, consisting principally 
of a large wheel, which, by band, friction, or teeth (all are employed), drives a number of 
small pulleys or “ whorls,” each carrying a small hook on its axle, that, by the turning of the 
large wheeL receives a rapid rotary motion. A boy generally turns the wheel, and as many spinners 
can work from one wheel as there are small whorls driven by its revolution. The spinner, alter 
fastening the strick of hemp round his body, draws out from the front of the bundle the quantity of 
fibres required to form the size or thickness of the yarn it is desired to make. Bending these fibres 
in the middle, he passes the bight upon the revolving hook, which instantly twists them the 
spinner, at the same moment, beginning to walk backward, and passing more fibres to those which 
are already being twined. This is done continuously and carefully so as to maintain the evenness 
and continuity of the thread. In his right hand, the spinner carries a thick piece of woollen cloth, 
a portion of which he allows to fall over the fore-finger, and with which he grasps the fibres as they 
ore drawn out, and presses them firmly between his two middle fingers. As he steps backward, 
the driving-wheel continuing its revolution, with his left hand he draw's out and regulates the 
supply of fibre, so as to ensure the yarn being of equal thickness throughout its length. The 
“ walk ” may be 200 yd. upwards in length, and the spinner, as the yarn lengthens in his hands, 
passes it over bearers attached to pillars or the walls of the enclosure. When the length of yarn is' 
completed, it is either passed to one side upon the bearers to await a finishing process or is wound 
upon a reel and put aside until wanted. 

If it is intended that the ropes shall be tarred, this process takes place at this stage. A 
number of yarns, 200-300, are laid together in parallel older, and passed through a boiler of hot 
tar. As they become saturated, the bundle of yams is drawn through a hole, called a “ grip ” 
which has the effect of pressing the tar into the yarn, and removing the superfluous portion. 
Tarred ropes are more durable than untarred _ones, owing to increased power of resisting the 
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decomposing action of water in the alternate immersions or saturations and dryings to which ropes 
are often subjected in use. 

The next operation is the “ twisting ” of the yam, whether tarred or untarred, into strands. 
Eope-walks are usually divided into parts, each fitted with appropriate machinery: tlie spinning- 
walk, with its wheels, and the twisting- or laying-walk (sometimes combined in one, sometimes 
separate, according as the work may be light or heavy), each having its tackle-boards and sledges. 
At the head of the walk, two stout pieces of timber are inserted vertically in the ground. Across 
these, is bolted a strong board, which contains three holes corresponding to the number of strands 
in a rope. This forms the tackle-board. The three holes are in a horizontal line, and are for the 
reception of winches or forelock-hooks. The proper number of yarns to form the strand having 
been afiSxed to these hooks, the opposite extremities are attached to corresponding forelock-hooks 
in the breast-board of the sledge, a strongly-built frame of wood, constructed so as to be easily 
loaded with weights according to requirement, and furnished with twjsting-hooks similar to those 
of the tackle-board. The sledge being drawn back, so as to bring the yarn into a tense condition, 
twisting is commenced both at the forelock-hooka and those of the sledge, the twist of course being 
in opposite directions. The contraction in length which ensues drags the sledge in towards the 
fore-end of tlie walk. When sufiicient “ hard,” as twist is technically called, has been given to the 
strands, the twisting is complete. The three strands are then attached to the middle hook of the 
tackle-board, and each strand is laid into one of three grooves of a cone-shaped piece of wood, called 
a “ top,” and which will come under notice subsequently. These strands are next twisted together, 
the “ top ” receding from the twisting-hook as the rope is formed. This process is called “ laying ” 
or “ first lay,” and consists in combining three strands into a rope, the rope thus made being termed 
“ hawser-laid.” In this form, the strands are allotted a sufficient number of threads to give the 
required thickness to the rope. There is another combination, called the “shroud hawser-laid” 
rope, or “ second lay,” in which four strands are twisted round a core-piece placed in the centre to 
impart greater solidity to the rope. There is also the “ third lay,” or “cable-laid” rope, in which 
three ropes, as formed by the first-named process, are twisted or laid together to constitute a cable : 
a stout strong article formerly in extensive use for ship’s purposes, but now mostly superseded by 
chain cables. 

This brief description will sufficiently indicate the handicraft methods of rope-manufircturing, 
which are still in extensive use in many countries, but are in course of replacement by the intro- 
duction of machinery, which will now come under notice. 

Machike-made Cordage.— The most complete rope- and twine-factories are fitted with every 
requisite for dealing with the raw material from the commencement, and carrying it through each 
succeeding stage until it emerges in the finished form, whatever may be required. This of course 
includes sets of preparatory and spinning machinery, which differ according to the nature of the 
material to be treated. The best descriptions of yarn are those made from the long fibie or “ line ” 
of the raw material, and the macliinery employed is denominated “ line-machinery,” a set of which 
includes hackling-machines, spreading-frames, first, second, and third drawing-frames, roving- 
frames, and wet and dry spinning-machines. Every “ set ” of machines is subject to modification, 
according to the requirement of the manufacturer. Where a low quality of mateiial is used, there 
are often only two drawing-frames in the set; but where good yarns are made, three are quite 
indispensable. For tow and low yarns from waste materials, what is called “tow-machinery” is 
employed, which, in several of its component parts, differs essentially from a line set. 

The roughest and dirtiest qualities of material require some preliminary treatment, the first 
process being “ willowing,” to clear away the dirt and earthy matter that may have got intermixed 
with it. When the fibres are too long to be entrusted with safety to tlie carding-engine, tlie 
material is first passed through a “ teazer,” by which it is tom and broken down to the necessary 
dimensions. The teazer is called into requisition when such materials as jute, phormium fibre, 
some sorts of tow, long hemp which has been damaged, scutching-hemp, and some other sorts, are 
used. Woven fabrics, such as old canvas, mats, and gunny-bags, are broken up by a ‘ teazer-card ” 
a combination of the foregoing, and a carding-engine. 

With an average quality of material, however, these processes are not necessary. It is at once 
passed successively through a “ breaker ” and ‘ finisher ” card, in which, the carding is completed, 
the fibres being laid parallel, and delivered in the form of a sliver. A number of these slivers are 
doubled in the drawing-frame, and attenuated or drawn down to the dimensions of one ; this process 
is repeated in the second drawing-frame, by which it is sought to remove all irregularities. The 
sliver thus prepared is conveyed to the roving-frame, where further elongation takes place, and 
a slight amount of twist is imparted to the “ rove,” as it is called at this stage, in which it is also 
wound upon bobbins. The latter are then ready for the spinning-frame, in which the rove is 
further and finally attenuated to the required dimension, and firmly twisted, forming yarn. There 
are two methods of spinning, dry, and wet ; in the latter, the water may be cold or hot, accordino- 
to the nature of the work. The greater portion of spinning is dry, which enables a far more exteu- 
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sive production to be obtained, the cost of driving being less, and the outlay upon machinery much 
smaller. Ordinary yams, and those for heavy twines, are spun on the dry system ; fine yams, on 
the wet plan with hot water, owing to the fact that hot water to some extent dissolves the natural 
gum which binds the fibres together, and thus liberating them, enables the yam to be drawn out 
much finer, though the loss of its gum diminishes its strength. When it is desired to preserve the 
highest degree of strength, cold water is used. The coarsest yarns are often spun upon a modified 
roving frame, called the “ GiU spinning frame,” by which, one process is obviated, and the cost 
reduced. This spins coarse yarns, whether composed of line or tow materials. 

Hand-spinning has so far been superseded by machinery that a great number of rope- and 
twine- manufacturers prefer to buy their yams from spinners, who do not carry the processes 
fiuther. When this is the case, the yam is received in the hank form, and is wound upon bobbins in 
a hank-winding frame, of which there are several kinds. The hanks are placed on a frame, and the 
end of the yam is attached to a bobbin, which is driven by a drum, whose face revolves in contact 
with the barrel of the bobbin or the yam upon it as it is filled (Fig. 1186). The machine has a 
transverse motion, by which the yam is wound in even layers. These machines are made of various 
sizes, according to the fineness of the yams, but average about 20 drums to a machine, which is thus 
enabled to wind from 20 hanks at once. These hank-winding machines are not required in 
establishments where the yam is spun, as then the spinner is enabled to place his spinning-bobbins 
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direct upon the creel of his twisting-frame, by which he saves two processes and two costs— reeling 
and re-winding. 

Winding . — Formerly the threads or yarns contained in the strands were wound by hand into a 
ball from a creel containing the requisite quantity of yams, but this system, owing to the irreo-ular 
draft of the threads by the hand, and the twist imparted by balling, only yielded an indifferent 
quality of twine. Several machines have been invented to obviate the defects of hand-winding 
with more or less success. Fig. 1187 is an illustration of one of the most recent and perfect of 
doubling-windiug-machines, as machines for winding several threads togetlierupon one bobbin are 
called. It is described by the inventor, T. Unsworth, Manchester, as a direct-acting, draw-bolt 
positive stop-motion, doubling-winding-frarae. With slight modifications, chiefly in dimension it 
can be adapted for working any description of fibre— silk, cotton, wool, flax, jute, or hemp, and in 
any degree of fineness. It can be constmeted to wind any number of threads upon one bobbin • it 
is usually made for 15-20. A shaft a (Fig. 1188) bearing upon the ends of the frame extends 
throughout its length, and is fitted with friction-drums 6, and, projecting beyond the frame also 
carries the driving-pulleys. Each drum has a similar one c adjusted to be driven by the friWon 
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of the one first mentioned. The second drum is in contact with and drives the bobbins d. Over 
the bobbin, is placed a porcelain pressure-bowl e, which works in contact with the yam upon the’ 
bobbin. Beneath the second drum, and hollowed to lit its periphery, is a brake, into which, by the 
action of the stop-needle, the drum 
is made to fall. This drum e is 
fitted upon a lever /, the opposite 
end of which projects towards the 
front of the machine, extending to 
and resting upon the draw-bolt g — 
a bar covered with a spiral spring 
to hold it in position, and which 
sustains the bolt in contact with 
the driver drum. The reverse ex- 
tremity of the draw-bolt has a cross- 
piece h attached, thus forming a 
representation of the letter J. laid 
horizontally with the cross-piece 
outwards. In the oblong frames 
aflixed near the front of the machine, 
each of which is horizontally divided 
by a bar through the middle, are 
inserted the direct-action stop- 
needles i, which constitute the chief 
feature of the machine. The needles are composed of two parts, looped together (Fig. 1187). On 
the upper part, is a curl through which the threads pass ; the lower part, pendant by the loop from 
the upper, drops its extremity on the inner side of the cross-piece of the X -shaped draw-bolt h, and 
the outer side of a rocking-bar k extending the length of the machine, which is actuated by 
eccentrics. 

The cops or bobbins having been placed in the creel, the threads from each are conducted 
upwards through the first eyelets, thence over a glass rod, through the curls of the stop-needles, and 
around the revolving porcelain bowl or curl I of the yam-guide, whence they pass upon the bobbin. 
The action of the machine is as follows : — The needle, by means of the thread, is suspended at such 
a height as to be clear of the rocking-bar ; but when the thread sustaining it breaks, it instantly 
falls, its lower extremity dropping in frout of the rocking-bar, which strikes it against the draw- 
bolt, pushing the latter forward so as to release the end of the lever supporting the second friction- 
drum, which instantly drops into the half-round break, and at once stops the revolution of the 
bobbin without friction. 

The chief objects sought in doubling-winding are uniformity in the lengths of the threads laid 
together, equality of tension, and freedom from “single” caused by dropped threads. All these 
faults are discovered in subsequent processfs, showing themselves in “cork-screws” and other 
defects, which greatly deteriorate the quality. The lengths may vary through irregularity in 
winding, caused by a varying amount of friction upon the different bobbins, or an uneven deposit of 
the yarn upon the barrel of the bobbin. But by this machine, both these faults are prevented : the 
first by the suspension of the stop-needle upon the thread, which takes up any momentary slack ; 
and the second by the threads being passed in a tape-like band over the revolving bowl upon the 
traverse-rod, which deposits it evenly upon the bobbin, which the pressure-bowl further helps to 
render firm and level. “ Single ” is prevented as previously described. The pressure-bowls are 
made of 3-20 lb. weight, according to the nature of the fibre upon which the machine is to be 
employed. 

Twisting. — The bobbins containing the threads necessary to form a strand are conveyed to the 
twisting-machine, an improved form of which is shown in Figs. 1189, 1190. The twisting-spindle a, 
which receives the bobbin from the last-mentioned frame, occupies the ordinary position ; but its flier, 
which has two or four legs as may be required, is inverted, and brought down upon the spindle to 
near the bolster-rail b, resting upon a metallic washer, which carries one of cloth or flannel, by means 
of which an easy drag of the bobbin is obtained. The inversion and change of position of the flier 
give increased steadiness to the spindle, especially when running at high velocities, and thus, at less 
expense in wear and tear, a greater production and superior quality of yarn are obtained. The 
attainment of high speeds in this machine is greatly facilitated by the bolster-rail not being a 
traverse-rail as well; all the weight of the yarn, bobbin and flier is concentrated upon the 
bearing, while the spindle is reduced to the size of the bobbin. The unwinding traverse is 
obtained by passing the yarn round one leg of the flier. 

After leaving the bobbin, the yam passes over a carrier-rail c, and upon the twist-rollei s inter- 
mediate between the delivery- and the taking-np-rollers. The twist-rollers d d' are conical grooved 
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pulleys placed upon parallel horizontal shafts, one function of the first row being to draw the yam 
ftom the bobbins, whilst the revolving spindle puts in the twist. The yam passes upon one of the 
smallest grooves of the cone d, and over a larger one in the cone d', which stretches the strand and 
lays the yam well together before it passes upon the taking-up-bobbin e. The last-mentioned 
bobbin can be made of any required dimension, as, its only function being to take up the yam when 

1190 . 



This machine, one of whose novelties lies in its being an “ upward twister,” has a great pro- 
ductive power. One of 200 spindles wiU turn off 2400 lb. a week of 3-fold 8’b cotton, 9 turns an 
in., which is a more than can be obtained from ordinary machines. One girl can superintend the 
machine, creeling and doffing without assistance. Owing to the employment of large winding and 
taking-up-bobbins, a greater length of yam can be produced without a knot; and through the 
stretching on the cones, the twisted strand is made round, firm, and full. The cost of warp-winding 
is also saved, as the machine winds the yam upon large warping-bobbins during the operation of 
twisting : less space and power are also needed. 

For heavy fibres, as flax, hemp, and jute, strong machines are constructed, which deal with them 
as efficiently as the light ones do with wool, silk, or cotton. The winding or twisting-bobbin for 
heavy fibres may be made up to 8-in. lift and 5-in. diam., capable of holding 3i lb. of yam, and in 
these dimensions, can be worked up to 2000 rev. a minute. For “ once-twisted ” or ‘‘ hung-on ” 
twines, as the Scotch call them, the machine possesses great advantages. 

In the manufacture of cable-laid twines or cords, the following machine is employed in several 
large establishments (Figs. 1191, 1192, 1193). The bobbins from the doubling-winding machine 
Fig. 1187, are brought to this machine, and placed upon the back spindles containing the inverted’ 
fliers a. Fig. 1193, the strands being conducted over the guide-rails, to the back twist-rollers which 
draw the yam from the bobbins as in Fig. 1189, whilst the revolving spindles similarly put in the 
twist. Each strand is placed upon the smallest groove of the cone-shaped rollers h, then around the 
others, to the top one of largest diameter, by which means it is stretched the difference between the 
largest and smaUest diameter, which imparts firmness and great solidity to the strand This con- 
stitutes the first twist or lay ; the second twist or cabling is imparted by passing three strands from 
three of the cone-rollers just mentioned over the cone-rollers c on the fronror second shaft, by 
which they are laid together, and passing round grooves as before, are again stretched, delivered to 
the topping-motion, twisted by the powerful spindle and flier d, and wound upon large bobbins often 
of 8-in. traverse by 6i-in. head. This machine contains two driving-cylinders, one each for the front 
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and back, so that the amonnt of either first or second twist can be regulated with nicety and 
ease. 

One of these machines llj by 5J ft., containing 30 back and 10 front or finishing spindles, is 
capable of yielding a pro- 
duction of 1500 lb. of 1-lea 
laid twine a week, one girl 
superintending. It makes 
all kinds of twine, from fine 
to coarse, and hard or soft, 
according to requirement ; 
and includes such diverse 
articles as spindle-bandings, 
piping-cord, heavy fishing- 
net twines, fishing-lines, 
loom-cords, hair-cords, three- 
cord cabled twine, trim- 
mings, and fancy cords of all 
descriptions. 

In bandings for spindle- 
driving purposes, the stretch- 
ing operation upon the cone 
and grooved rollers is ex- 
ceedingly valuable, as when 
the bands are put to use, 
they never become slack 
through stretching, and thus 
enable far better yam to be 
produced than when banding 
made on the old process is 
employed. 

At the Centennial Exhi- 
bition, held in Philadelphia, 
the scries of machines of 
which these form a portion 
secured to the patentee, Thos. 

Unsworth, medal, diploma, 
and certificates for origi- 
nality, perfection and utility, 
combined with fitness for 
purpose intended, quality of 
products, and economy of 
working. 

There are several other varieties of winding, 
merit, but which call for no special notice here. 

Singeing , — Twines made from harsh or intractable materials require to be singed before sizing 
and polishing, which are the 
finishing processes of this class of 
articles. Singeing-machines are 
usually constructed in the form of 
a winding-machine with about 
twelve spindles at back and front, 
the latter drawing the yam or 
twine through a jet of flame 
obtained from a combination of 
gas and atmospheric air. Some- 
times other means are employed 
to obtain a flame, such as oil- 
lamps. 

Sizing, Polishing, and Drying . — 

The operations of sizing, polish- 
ing, and drying are generally 
included in one machine, though, by the older processes, they constituted three distinct operations. 
Fig. 1194 represents a sizing-, polishing-, and drying-machine, as constructed by Thos. Barraclough, 
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Manchester, who is’also the maker of the remainder of the machinery subsequently illustrated in 
this article, except when otherwise stated. This machine is generally constructed of such a 
capacity as to take 24 twines at once. The filled bobbins from the twisting-frame. Fig. 1189, are 
placed in a creel in front of the sizing-machine, and the twines are conducted in parallel order 
over the carding-rollers A, which are covered with card clothing of suitable strength, and which, 
revolving at a high speed, brush off the woody portions of the plant, shive, boon, and lumps that 
may have remained through the preparing stages, leaving the twines smooth and clean. The 
twines are kept apart by the three sets of vertical guide-wires, from the third of which they pass 
into the sizing-trough B, a copper or iron tank containing steam-heated size, composed of flour or 
farina, glue, animal gelatine, or other materials, and brought to the required consistency by means 
of water. Hot size is indispensable to a satisfactory result ; cold size merely coats the surface, 
and would soon break and rub off in wear. In the spinning and twisting processes, it is impos- 
sible to combine the fibres into a solid thread ; in the interstices, is a considerable quantity of 
atmospheric air, which, on the twines passing through the boUing size, is expanded by the heat, 
and escapes, the space it occupied being instantly filled by the hot size, thus ensuring a compara- 
tively solid cord. Emerging from the size, the twines pass between two pressing-rollers 0, which 
squeeze out the superfluous size, and return it to the tank. Guide-wires capable of being depressed, 
so as to make the twines cover a greater or less portion of the periphery of the rollers D, which are 
covered with coir, conduct them over these in succession, by which the loose fibre is rubbed in, 
and a smooth surface is ensured. After leaving these rollers, the twines pass upon the large 
cylinder E (which is heated by steam), and helically around it several times, being directed by two 
guide-rollers F F', so as to pass off the cylinder at the opposite side from that on which they enter. 
The drying is also facilitated by the circulation of air in the helical interstices formed by the 
presence of the twines. The polishing process is continued by the action of two rubbing-rollers 
G G', extending across the length of the cylinder, and similarly covered with coir. One of these 
revolves against the outside of the set of twines during the passage round the drying-cylinder, and 
the second polishes the under surface revolving in the space formed by one of the angle rollers, 
thus completing the polishing operation. The twines, on leaving the rollers, are conducted over 
two carriers to the winding-frame H at the front, which contains an equivalent number of spindles, 
and winds the twines upon the bobbins with which they are filled. In the figure, only four threads 
are shown, for the sake of clearness. 

The composition of the size used is of considerable importance, when the best result is desired. 
An authoritative writer has recently given the following as a good practical recipe : — 38 lb. wheat- 
flour is mixed with cold water until a paste 
is formed ; 22 gal. of water is put to boil, 
and 2-3 lb. of cow-horn glue, Irish moss, or 
animal gelatine, 5 lb. of alum, and 6 lb. of 
tallow are added ; when boiling, the paste 
is added, and the mixture is boiled until it 
thickens, when it is ready for use in the 
machines. This is a good compound for 
medium and heavy twines ; for fine twines, 
the alum, and half of the tiUlow, is usually 
omitted. 

The sizing-machines arS made in two 
sizes ; in the smaller, the drying-cylinder is 
72 in. across the face, and 30 in. diam., and 
will size 1000-1800 lb. of twine in a week 
of 60 hours. This is the most suitable for 
light descriptions of twines, the drying of 
which is not difficult. The larger one has 
a drying-cylinder 96 in. long, and 36 in. 
diam., and will size, polish, and dry 1800- 
3000 lb. in 60 hours. This is employed for 
heavier twines ; but for the heaviest, it is 
necessary to have two cylinders, in order to 
dry them thoroughly. 

Sizing is sometimes regarded as a need- 
less and expensive process, but the weight 

imparted to the twine is ample compensation for the expense (y.»m being generally sold by weight) 
while the improvement in the quality is undoubted. ° ’ 

Balling. —BiiWmg is the last and finishing process in the manufacture of twine. Two bobbins 
of polished twine are placed upon the vertical spindles a a, in Fig. 1195. The twines are taken 
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from these, passed throngh the necks of the fliers b b’, and down one leg of each, whence it is 
wound upon the horizontal spindles c c', which, by other appliances, have imparted to them the 
peculiar automatic movements required to form the twine into balls. As the balls attain the 
required weight, they are doffed and finished by the attendant girl lapping the twine several 
times very firmly round the middle. In balling light twines, the double machine is usually 


employed ; for heavy descriptions, the single one, making only one ball 
at a time. They are fitted to be worked by manual or steam power, as 
may be most convenient. 

Bopes. — The section now calling for attention is the manufacture 
of fibrous ropes ; these, as explained previously, are technically known 
as hawser-, shroud-, and cable-laid, besides flat ropes formed by placing 
several ropes parallel to each other, and uniting them by oblique 
stitches, thereby producing a flat band. 

In manufacturing these articles, the raw material is treated os 
previously described in the preparatory stages, spun into yarn, a 
number of yarns twisted into strands, these into ropes, and the latter 
into cables. In these processes, it is invariably the method to twist 
the article in the direction opposite that of the preceding stage. Thus, 
supposing the yam is spun with a right-hand twist, the strands into 
which this enters will be twisted to the left, and the rope into which 
these are combined must be twisted to the right, or in the same 
direction as the yam, and so on with succeeding combinations. This 
is requisite to prevent or overcome the tendency that would otherwise 
exist to ran into loops or kinks whenever the ropes were brought into 
use. 

Necessarily the machinery for performing this heavy work differs 
considerably from that previously described, inasmuch as a machine 
seldom makes more than one article at a time. Again, to avoid 
excessive complexity of the machine, and the consequent liability to 
derangement, it is usually found preferable to employ machines for 
each operation, instead of combining all in one. Especially is this the 
case in the heavier classes of ropes and cables. In the lighter articles, 
compound machines are frequently used. These are of two kinds, the 
vertical and horizontal, the former being employed in the manufacture 
of long ropes, and the latter generally of shorter lengths. 

Laying.~A small horizontal compound rope-laying machine is 
shown in Fig. 1196. The largest rope of three strands that could be 
made on this machine would be one of 24 yarns — 8 to each strand. It 
wiU serve to show the principle on which larger ones are constructed. 
By means of change-wheels, 3-strand ropes of smaller dimensions can 
be made upon it, containing 7, 6, 5, 4, 3, and 2 yams to each strand, 
the ropes of course being a multiple of those figures by three. The 
machine has three fliers, each capable of containing 8 bobbins filled 
with yarn, which are placed in a creel inside the flier, and so arranged 
as to deliver their contents easily to the draught of the machine. The 
yarns are conducted through the trunnion of each flier, along the side, 
through the corresponding trunnion, and upon the three topping- 
motions. The revolutions of the fliers twist the yams into strands, 
which are drawn forward by the topping-motions. The latter revolve 
with the fliers, and are furnished with grooved draw-rolls actuated by 
gearing. The strands pass upon and around these grooved draw-rolls, 
which, being coned, stretch and solidify them before they pass from 
the stranding part of the machine, and are combined into a rope in 
the front portion, as shown in the illustration, by their passage throngh 
machinery similar to that which formed the strand. The finished rope 
is wound upon a barrel driven by a differential gearing, in even layers, 
and when completed, is easily removed by dofiing, the barrel being 
collapsible ; the machine is thus ready for work again in 2-3 minutes. 



As will be seen, the machine is compact, simple, efficient, and of great productive capacity, 
being capable of making 1000-1600 fathoms of rope a day, according to the size, twist and other 
circumstances that usually affect production. It is made in various sizes, to suit different require- 
ments ; when larger ropes are intended to be made, say up to 60 threads, the form is considerably 
modified. In both sorts, the sizes of the ropes can be altered by the use of change-wheels. 
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When the manufacture is more varied, it is usual to employ single machines, performing only 
one operation. The first of these is the stranding-machine, which may be either vertical or hori- 
zontal, Fig. 1197 represents a vertical machine, technically called a “ stranding-drum.” It consists 
of 2 vertical bobbin-ftames ; others contain more — 4, 5, and np to 10. These creels may be made 
for any required number of bobbins, and usually contain 4-12. The 
bobbins vary in size, but a 12-in. barrel, and 12-in. diam. of head, is 
the size most often employed. 

The creels a are fixed in circular plates 5 b' at top and bottom ; 
the top of the stranding-machine revolves in an iron bracket e, fixed to 
a beam d, which should be strong and perfectly firm, so as to prevent 
vibration. The bottom rests in the framework, the whole being 
actuated by gearing e. A register or “lay” -plate, perforated with 
as many holes as the creels will hold bobbins, receives the yarns, and 
delivers them evenly and regularly to the “ stranding-die,” a bell- 
mouthed tube which compresses them and delivers the strand thus 
formed to the grooved pulley/, whence it descends to the “ drawing-ofiT 
gear,” actuated by peculiar gearing, the speed being regulated by change- 
wheels. The greater the speed of the draught, the less the amount of 
twist the strand receives, and vice versa. It is next conducted upon a 
large bobbin or beam, on which it is laid in even layers by a traverse- 
motion. When filled, it is ready for the closing-machine. 

The stranding-machine will twist either to the right or left, as 
desired, and, by means of an indicator, measures the length manufac- 
tured. Each machine is supplied with a variety of strand-tubes, and 
the necessary change-wheels for making different sizes of strands, as 
may be required. The thickness of the strand is varied by increasing or 

diminishing the number 
of yams contained there- 
in, and also by changing, 
the size or fineness. The 
machine should be 
strong, and carefully 
fixed, in order to produce 
good work, with an 
economical expenditure 
of power. The top of the 
machine generally extends into the floor above its base, in order to facilitate creeling operations ; 
a platform is also used for the same purpose. 

Another form of the stranding-machine — the horizontal, — which possesses several advantages 
in the facility with which it can be worked, has of late years been coming into general use. It 
possesses a fixed creel, in which the bobbins can be renewed without stopping the frame, and may 
be varied in number to any extent Its production is much greater, it being capable of running 
at a much higher speed ; and the strand-tube, being fixed in an iron box, can be heated either by 
gas or steam, which polishes the strand to a high degree, and facilitates the process of tubing 



“ hard.” 

Closing.— The hemp-rope closing-machine, which receives the strands from the former, and 
“lays ” them into a rope, is also made in two forms, the vertical and horizontal. In the latter. 
Fig. 1198, the construction does not differ materially from that of the horizontal compound rope- 
laying machine. Fig. 1196, except in its greater simplicity, owing to having fewer operations to 
perform. The vertical closing-machine, Fig. 1199, has a strong cast-iron frame, and three or four 
cast-iron frames or creels for the reception of the large <!ast-iron strand-bobbins, containing the 
strand manufactured on the stranding-machine. These are caused to revolve by means of suitable 
gearing, both on their own axis and around the central vertical shaft, the top of which is secured 
to a strong beam in the building. This action causes the strands to come together, and close at 
the top of the machine, after which, the rope passes over a sheave or pulley, then down through 
the drawing-off gear, and upon the coiling-reel, which portion, omitted from the illustration, is made 
adjustable both in width and diameter, to suit the various sizes of coils required to be made. 

These machines are also constructed in various sizes to suit requirements, and have several 
attachments, not shown in the illustration, such as a regulating drag-gear for delivering the strands 
at a uniform rate, which is of the greatest importance in securing a well-m.ade rope. The large 
machines possess in addition a “ tempering-motion,” the purpose of which is to impart, as may be 
required, more or less twist to the strands when being laid into ropes. Ropes, according to the 
uses for which they are intended, require a greater or less amount of twist, and this can be exactly 
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regulated by the “hardening ” or “ softening ” process at the time of closing. It is n^, there- 
fore, for every closing-machine to possess a tempering-motion, without which, it would be incomplete. 
The’ machine is made so that its parts will revolve in either direction, so as to make a rope with 
either a right- or left-hand twist. In the manufacture of shroud-laid ropes, in addition to the four 

H99. 







creels or frames for the strand-bobbins, another is required for the 
core-piece, which is drawn oif at the speed at which the rope is 
laid. Before coming together, tlie strands have to pass over a 
“ top,” the object of which is to deliver them at exactly the same 
angle and distance, one from the other. These tops are either of 
wood or iron, but the former are mostly preferred, because, wood 
being a better non-conductor, the- heat generated by the frictional 
passage of the strand smoothes and polishes it far better than in an 
iron top, where the heat is dispersed by radiation. 

Each machine is capable of making a considerable variety of 
sizes of ropes, varying in the degree of lay or twist, which is accom- 
plished by altering the speed of the drawing-off motion, by means 
of change-wheels. Similar means are also provided for varying the 
drag- and tempering-motions, according to requirement. 

The various machines, whether vertical or horizontal, required 
in the processes of stranding and closing are always worked in sets, 
which generally include two stranding- and one closing-machine 
to a set, though sometimes three of the former and two of the latter 
are wrought together, forming what is called a double set. 

The standard sizes of the machines — at least of those under 
description — are indicated by letters, and are as follows : — 

Set E. horizontal, makes ropes up to IJ in. circum. 


F. 

G. 

H. vertical 

I- 

J. 


4 

4 

6 

10 


These sizes are based on a length of 120 fathoms in each coil. 
Where shorter coils will sufSce, each set will produce thicker 
^ ropes. Their capacity of production is governed by that of the 

closing-machine, which can always be ascertained by multiplying the length in in. of the turns or 
twist in the sample, by the number of revolutions the closing-machine is making a minute, and the 
product will be the number of in. that will be made in the same time. A percentage, which 
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experience will soon dictate, must be deducted from this for stoppages, the remainder being a 
practical result. 

The closing-machines of the different sets make the following revolutions a minute : — E, 130 ; 
F, 100 ; G, 70 ; H, 60 ; I, 50 ; and J, 30. 

One man usually superintends a set of machines, taking charge of the closing-machine himself 
and having assistant boys or girls at the stranding-machines. 

The preceding account shows the extent to which the rope-making industry has been revolu- 
tionized by the invention of machinery, in comparatively recent years. But even this does 
not exhibit the full extent of the changes that have been wrought. The old system of making 
ropes, as previously described, in long rope-walks by machines working in pairs still survives, 
and in fact, remains the most widely in use. The machines employed, in what may be termed 
the more ancient form of rope-making establishments, have also been greatly modified and 
improved, whDst their general outline and method of operation remain comparatively the same. 
Having already described the former, a brief account only will be necessary of the improvements 
recently introduced. 

The “fore-board” has given place to the “ foretnm-machine,” Fig. 1200, and the “ sledge ” to 
the “ traveller,” Fig. 1201. In 
the best-furnished rope-walks, 
as distinguished from rope-fac- 
tories, these machines are now 
generally found. They are used 
for both the stranding and lay- 
ing processes. 

The yarns from which the 
strands are formed are contained 
on bobbins placed in the “ bob- 
bin-hank ” or creel, generally a 
V-shaped frame with the apex 
directed towards the rear of the 
foreturn-machine, to which the 
yam is delivered. These creels 
may, however, be of different 
forms, according to convenience 
or requirement, keeping in view 
the necessity of maintaining the 
bobbins in a compact arrangement, and enabling them to be easily accessible for the purposes of 
renewal when their contents are exhausted, and piecing or splicing when the yarn breaks, or faults 
occur. As these creels require to contain 100-100 bobbins, the importance of these considerations 
will be obvious. 

After leaving the creel, the yarns are conducted through a register-grid — a frame containing 
a number of vertical round-iron rods, transversely crossed by others, thus forming square interstices, 
each thread having its separate square. This grid is for the purpose of conducting the yarns in 
parallel order to the register-plate — a cast-iron plate drilled with round holes arranged in con- 
centric circles, through which the yarns are passed in such a manner as to dispose themselves in 
passing therefrom in a compact form round one central thread, which thus forms a core. The 
diameters of the register-plate circles are relatively such as to allow the threads in each circle to 
arrange themselves at the best ascertained angle, in order to compose a solid strand, and receive 
the general twist necessary to form it. Passing through the register-plate, all the yams are next 
conducted to a strand-tube— a bell-mouthed, slightly tapering, iron tube, which usually passes 
through a steam-chest, by which means it is heated, to prevent ropes made of tarretl yarns sticking 
fast, in which case they would have to be cut out, thus occasioning waste, defective work, expense, 
and inconvenience. 

The yarns from the “ bobbin-banks ” are divided so as to form as many strands as are required 
for the rope to be manufactured. One register-grid sufifices for all, whilst an assortment of 
register-plates is usually required : one for single strands of large diam., having only one series of 
circles ; one for 3 strands with 3 series of circles ; one for 6 and one for 12 strands. Each strand 
has a separate tube. Large strands are usually made singly, but those of moderate dimensions are 
made 3-12 at a time. 

After passing the strand-tube, the yams for each strand are immediately attached to the hooks of 
the traveller. The “ traveller,” Fig. 1201, consists of a powerful iron frame a a, in which are mounted 
a series of wrought-iron hooks b, attached to the ends of steel spindles c, driven by means of appro- 
priate gearing, the speed at which they revolve being regulated by change-wheels. By means of 
• clutches the direction of their revolution can easily be reversed. Motion is communicated to the 
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traveller by means of an endless driving-rope, which extends from one end of the rope-walk to the 
other, and passes round the grooved pulley d on the shaft e ; this through the bevel-gearing /, 
actuates the shaft which again, through the gearing h and shaft i, revoives the large central 
hook k in the traveiler-breast. The shaft e, through suitable means, also actuates the shaft m, 
carrying the sheave or grooved wheel », round which, passes a ground rope or chain, which is also 



attached to the “ foretum ’’ machine, and extends the length of the rope-walk. The whole of this 
machinery is mounted on a stoutly-made carriage, composed of very strong materials, having 
powerful brakes, and running upon a rail or tram-car. 

Assuming that it is a 3-strand hawser which is being made, the three sets of yams, on leaving 
the strand-tubes, are attached to three hooks of the traveller. The endless rope passing round the 
grooved wheel d actuates the different parts, including tlie ground rope slieave n, the revolution of 
which causes the “traveller” to run down the walk, drawing the strand-yarns with it through the 
tubes, which, at the same time, are being twisted by the revolving liooks on the traveller to which 
they are attached. The strands, as they come from the liot tubes, are quite smooth, round, and 
polished. 

It is now that the “foretum” is required. This machine. Fig. 1200, is a strong massive frame, 
mounted with a series of revolving hooks, corresponding to those of the traveller, and actuated in a 
similar manner. It also possesses a winch a, for tightening the ground rope or chain. It receives 
its motion, like the traveller, from the endless rope or chain that passes over the grooved wheel 6. 
This endless rope is the means by which motion is transmitted from a large grooved pulley on the 
main line-shaft of the works, and which is ordinarily placed under ground. A friction-box is 
connected with it, in order to ease the starting of the rope-laying machinery. 

In order to form the three strands made on the traveller into a rope, their ends are cut near the 
“ foretum,” and attached to three of its hooks, corresponding to those of the traveller. The latter 
are then made to revolve, in order to “ temper,” or put into the strands just the amount of twist 
required. The ends of the strands attached to the three hooks of the traveller are then transferred 
to one hook ; its centre hook, if the rope to be laid is a heavy one. The “ top,” or longitudinally- 
grooved cone of wood, is then inserted between the three strands, with its smaiier end towards the 
traveller, and the process of laying is commenced. The top is usually mounted on a small bogie 
or carriage, placed on the rails on the front of the traveller; and as the twist is put in by the 
central hook of the traveller in its revolution, the bogie starts away from it, and travels slowly 
towards the foretum-machine at the head of the walk, being impelled by the closing of the strands. 
The rope is twisted in a direction opposite to that of the twist of the strands, but the quantity of 
the latter is preserved by the continued revolution of the hooks of the foretum, to which their 
opposite ends are attached, and which revolve so as to give compensation for the twist being taken 
out by the traveller. A looped rope made of hair or coir is placed upon the newly-form^ rope, 
and attached to the bogie ; this acts as a polisher, smoothing and laying the fibres. 

As the twist is being put into the rope, the length is greatly shortened, which draws the 
traveller up the walk. In order, however, to stretch the rope thoroughly, this draught is resisted 
as much as possible by the application of powerful brakes to every wheel. When the bogie 
carrying the top has reached the head of the walk, the rope is finished, and is coiled by power on 
an adjustable coiling-machiue, which can be altered to make any size of coil. The traveller is 
brought up the waik to the foretum by means of a brake, which prevents the revolution of the first 
motion shaft, and the rope, gripping the wheel, causes the traveller to run up the walk at the same 
rate as the driving-rope. 

Both the machines here described are made in a great variety of sizes, and with different numbers 
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of hooks, according to special requirement. Their capacity is very wide, as they will make ropes 
from the smallest sizes up to 24 in. in circumference. In order to he of the greatest use, they 
require a fuU complement of change-wheels and strand-tubes. Sometimes a foretum will have two 
travellers, one light and one heavy. When one is in use, the other is run into a siding, or on to an 
extension of the line beyond the requirement of that in use. 

The selection of the fectory or walk system of manufacture will generally be decided by the 
special circumstances of the case, as each has its advantages and disadvantages. The factory or 
“house” machines, as they are called, are said to be capable of turning off more rope of a better 
quality, and at less cost for wages and driving-power, than the “ walk ” machines, though this is a 
disputed point. They need much leas space for their operations, no “ walk ” and long shed being 
required. But the machines are numerous and expensive, where a ftill equipment is necessary, 
the first outlay and cost of maintenance being greater than when the foretum and traveller are 
the chief machines employed. The latter are the simplest, and, where land and labour are cheap, 
may in some cases be the most advantageous. 

The greatest proportion of ropes manufactured are made from tarred yams. There are two 
methods of tarring in use : in one, the yarns are tarred singly ; in the other, by the “ haul.” Yams 
are tarred singly by arranging a number of large bobbins, usually about 16, on which the untarred 
yarns are wound, in a creel in front of a double-cased copper steam-vat, in which the tar is kept 
boiling by means of steam circulating in the cavity. In the pan, a copper or brass roller is adjusted, 
partly immersed in the tar. Over this roller, the yams are conducted, and as they pass in contact 
with it, receive some of the boiling tar, which it brings up in its revolution. The yarns are next 
drawn along a copper trough, in which are placed hide ropes twisted tightly round them, whose 
function it is to equally distribute the tar, and, by friction, to lay the fibres, and polish the yam. 
Leaving the trough, they are wound upon a large reel, and formed into a haul. In tarring in the 
haul, the yarns are wound upon a large reel, or warping-mill, in a helical form by a traversing 
motidn, before being subjected to the tar. When the first layer is complete, the threads are passed 
round a pin or peg, and the motion of the reel is reversed until a second layer is completed. These 
operations are continued until a warp containing 200-400 threads is made, which is then wound off, 
and ooUed on a revolving plate or iron dish upon a bogie, which is made to revolve for the purpose 
of imparting to the warp a few turns of twist, to prevent the entanglement of the threads in passing 
through the subsequent processes and during mellowing. The warp is then taken to the tarring- 
machine, Fig. 1202, consisting of a large trough or cistern, in which the tar is kept at boiling heat by 
means of coils of copper steam-piping. The yam or warp is conducted through the boiling tar, and 
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the pressing-apparatus, being drawn through by means of the gearing actuating the sheaves, around 
which it is twice passed to prevent slipping, and is then coiled for the store. The difference in 
these processes is not very material : in the first case, the yams are tarred before they are made into 
a warp ; in the second, after that operation. In tarring singly, the yams are warped as they 
emerge from the tar-pan. 

When the tarring process has Ireen completed, the “ hauls ” or tarred warps are conveyed into 
the store, in order to be mellowed, which is simply allowing the tar to penetrate the fibres. The 
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time for this varies according to the quality of the work for which they are intended. Two months 
is stated to be the shortest time in which this can he accomplished ; it is done much better when 
6-8 months are devoted to it. In the Hoyal dockyards, it is customary to allow 12-15 months for 
the process. The tar used should be clear and of a light colour, in order to impart the best 
appearance. Contact with iron, when it is fluid, darkens and discolours it, and this should therefore 
be carefully avoided. 

When the tarred yams are required for use, they are brought from the mellowing-store ; the 
warps are wound upon the reel ; the threads are separated, and wound upon bobbins from the reel, 
thus reversing the previous operations ; and the bobbins are conveyed to the stranding-machines to 
pass through the processes previously described. 

Exports. — Our exports of cordage, cables, and ropes of hemp and similar material in 1880 were 
to : — Australia, 16,665 owt., 54,1551. ; British N. America, 16,264 cwt., 34,7661. ; British W. Indies 
and British Guiana, 8886 cwt., 18,6621. ; Brazil, 8409 cwt., 23,2371. ; British S. Africa, 7074 cwt., 
17,7671.; Argentine Bepublic, 6378 cwt., 11,4871. : Germany, 5130 cwt., 12,8231. ; France, 4027 cwt., 
89421. ; Sweden and Norway, 3615 cwt., 10,2721. ; Bombay and Sind, 3589 cwt., 89631. ; OhiU, 
3356 cwt., 75641. ; Pern, 2767 cwt., 53551. ; Italy, 2531 cwt., 56961. ; Japan, 2399 cwt., 49441. ; 
United States, 2018 cwt., 41691. ; Bengal and Burma, 1927 cwt., 76421. ; British W. Africa, 1270 
cwt, 42141. ; Channel Islands, 1048 cwt., 60001. ; other countries, 20,964 cwt., 48,9491. ; total, 
118,307 cwt., 295,6071. E. M. 

(See Fibrous Substances.) 


SAIiT (Fr. , Sel ; Gee., Sah, Chlomatrium). — Formula, NaCl ; hardness, 2 • 5 ; sp. gr., 2 • 1-2 • 57. 

If we consider the natural products of the earth in their relative economic importance, salt, one 
of the moat abundant and universally diffused, commends itself pre-eminently to our notice. Yet 
comparatively little has been written concerning it, and the industry, one of the most important we 
possess, may be said, with the exception of a few trifling innovations, to be practically in the same 
position as it was 50 or 100 years ago. 

Common salt (sodium chloride) may be directly produced by the combination of chlorine with 
sodium. It has been stated that sodium takes fire when immersed in chlorine gas ; but Wanklyn 
has shown that, unless some moisture be present, such is not the case, and it is certain tliat metallic 
sodium remains bright for some time, even when immersed in liquefied chlorine anhydride. The 
composition of salt is : — 

Equivalents. Percentages. 

Chlorine 35*5 60 *7 

Sodium 23-0 39-3 


A blue sodium subchloride is (probably erroneously) stated to be produced by passing hydrogen 
over sodium chloride at high temperatures. Salt is isometric ; it crystallizes in anhydrous cubes, 
and other congeneric forms ; its cleavage is perfect ; taste, cooling and agreeably saline ; when pure 
it is white, and is often found in nature in pellucid and perfectly colourless crystals as rock-salt 
but more frequently rock-salt is grey, rose, brick-red, yellow, violet, blue, or green, being stained 
by iron, bitumen, or other impurities. When crystals of salt form by evaporation on the surface of 
still brine, as frequently occurs in the manufacture, the cubes have a tendency to agglomerate 
themselves by their angular edges, so as to build hollow four-sided cups, called “ hopper-crvstals ” 
(Fr., tremis). Fishery-, bay-, and dessert- salts illustrate this peculiar form of crystallization. 
Although salt crystals are anhydrous, they are liable to oontaiu water mechanically intercalated 
between their crystalline plates, causing them to decrepitate when somewhat suddenly and strongly 
heated. This decrepitation rarely occurs with rock-salt, and only in a small degree with the 
heavier larger crystals of salt produced during the slow spontaneous evaporation of sea or other 
salt water. Salt fuses at 776° (1428° F.), and volatilizes, but not in covered vessels at a temperature 
approaching its point of fusion, sustaining thereby considerable loss of weight. When a saturated 
solution is cooled to — 10° (14° F.) or a few degrees lower, it crystallizes in hexagonal tables of 
hydrated sodium chloride (NaCl-(- 2 H 20 ) ; and a further reduction of the temperature to about 
— 22° (— 5 • 80° F.) causes the separation of bundles of fibrous or needle-shaped crystals, having the 
composition of a cryohydrate, and containing ten equivalents of water (NaCl + 10 HjO) • both 
these forms deliquesce with the mere heat of the hand, and may be seen to resolve themselves 
rapidly with a species of decrepitation into sodium chloride solution and numerous small cubes of 
common salt. 

Sodium chloride is decomposed slowly at a red heat in presence of aqueous vapour into caustic 
soda and hydrochloric acid, according to the formula 2^001 + 11.^0 = 2HCl-fNa20. This fact 
has been utilized in an attempt to manufacture soda from common salt, by mixino- salt with sili- 
ceous sand, placing the mixture in a retort, heating to redness, and passing steam ; but the 
experiment gave no hopes of commercial success. 

Salt is nearly as soluble in water at ordinary temperatures as at the boUing-point ; and when a 
saturated solution is heated in a vessel admitting of evaporation, it crystallizes out, for^ng hopper- 
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crystals at the surface if the liquid be maintained tranquil, or sinking to the bottom as a fine 
crystalline powder (butter-salt) if the liquor be kept in a state of agitation. Salt is one of the most 
highly diathermanous bodies, and at the same time one of the most perfect in its absence of ther- 
mochroic properties, permitting the passage alike of dark and of visible heat rays, and of heat rays 
of all degrees of refrangibility. Specimens of colourless pellucid rock-salt are therefore highly 
piized in researches on radiant heat. Transparent rock-salt transmits no less than 92 • 3 per cent- 
of radiant heat from every source, whether the radiating surface be highly incandescent, or the 
rays be invisible; while the best specimens of flint-glass transmit only 28 per cent, of the heat 
radiated by red-hot platinum, and atQl less of dark heat rays ; and ice cuts off all radiant heat from 
either of these sources. MeUoni regards clear rock-salt as being completely diathermanous, attri- 
buting the 7 ’7 per cent, by which the intensity of the incident rays is diminished to an effect of 
reflection at the surfaces of ingress and egress, not to interior absorption. 

The annexed table by Poggiale shows the lbs. of pure salt dissolved by 100 lb. of water at various 
temperatures : — 


-15° (5° P.) dissolve 32-73 lb. 

40° (104° F.) dissolve 36-64 lb. 

-10°(U°P.) 

5> 

33-49 „ 

50° (122° F.) „ 

36-98 „ 

- 5° (23° F.) 


34-22 „ 

60° (140° F.) „ 

37-25 „ 

0° (32° F.) 

)» 

35-52 „ 

70° (158° F.) 

37-88 „ 

5° (41° F.) 


35-63 „ 

80° (176P F.) „ 

38-22 „ 

9° (48° -2 F.) 


35-74 „ 

90° (194° F.) „ 

38-87 „ 

14° (57° -2 F.) 


35-87 „ 

100° (212° F.) „ 

39-61 „ 

25° (77° F.) 

>* 

36-13 „ 

109° -7 (229° F.) „ 

40-35 „ 


According to G. Karsten, a saturated solution of salt at sp.gr. 1-25 contains 26 ■ 535 per cent, of 
N aCl, and saturated at a boiling temperature, it contains 28 • 225 per cent. 

The boiling-points of salt solutions of various strengths are given by Storer thus : — 


Aqueous Solution 
containing per cent, 
of NaCl. 

.. 

Boils at ° C. according to 

Biscbof. 

G. Karsten. 

Legraiid. 

5 

■unm 

101-10 

100-80 

10 


102-38 

101-75 

15 


103-83 

103-00 

20 

106-26 

105-46 

104-60 

25 

107-93 

107-27 

106-60 

29-4 

107 -9 to 
108-99 




According to Gerlach, the sp. grs. of salt solutions at different degrees of concentration are : — 


Aqueous Solution, 

8p. gr. taken at 59^^ F, 

Contains per cent, 
of NaCl. 

Aqueous Solution, 

8p. gr, taken at 59° F. 

Contains per cent, 
of NaCl. 

1-00725 

1 

1-11146 

15 

1-01450 

2 

1-11938 

16 

1-02174 

3 

1-12730 

17 

1-02899 

4 

1-13.523 

18 

1-03624 

5 

1- 14315 

19 

1-04366 

6 

1-15107 

20 

1-05108 

7 

1-15931 

21 

1-05851 

8 

1 - 16755 

22 

1-06.593 

9 

1-17580 

23 

1-07335 

10 

1-18404 

24 

1-08097 

11 

1-19228 

25 

1-08859 

12 

1-20098 

26 

1-09622 

13 

1-20433 

26-395 

1-10384 

14 




Salt is found as rock-salt in stratified beds, usually forming large, lenticular or rounded-oblong 
masses, imbedded in red clays or variegated marls, these being usually interstratifled with gypsum 
or anhydrite. It is likewise one of the chief constituents of sea water, salt lakes, and brine springs, 
and occurs in small quantities in all rivers and springs. It is found in all surface soils, sometimes 
as an abimdant efflorescence. Some desert regions of Asia, N. Africa, N. and S. America, and Aus- 
tralia, appear to owe their sterility to this cause. But probably at no period of the earth’s exist- 
ence did the formation of salt deposits proceed with the same activity as during the Triassic, and it 
is in the New Bed sandstone, Bunter sandstone, or Kenper, and in the red or variegated marls of 
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the Trias, that most rock-salt occnrs. An idea that all rock-salt was referable to that epoch long 
prevailed amongst geologists ; bnt it is now generally admitted that, although salt is found most 
abundantly amongst Triassic rocks, and becomes rarer as we descend into the earlier strata, it 
occurs iu all the so^jalled sedimentary rocks. It has not yet been found in granite, nor in any 
of the crystalline truly so-called primary rocks. In the N. counties of England, are frequent occur- 
rences of brine-springs rising from the Carboniferous series. The Cheshire and Worcestershire 
deposits are considered by some to belong to the Permian, though most generally they are referred 
to the Trias. The salts of W. New York, and Goderich (Canada) are said to be of the Salina period 
of the Upper Silurian. The deposits of the Vosges, Salzburg, and numerous others are generally 
admitted to belong to the Trias ; that of Bex in Switzerland, to the Lias ; those of Wieliecska 
in Poland, and Cardona in Spain, as also some deposits in Algeria, are considered to be Cretaceous ; 
those of the Pyrenees, in the neighbourhood of Bayonne and Dax, and at Camarade, are probably 
Tertiary ; while the Dead Sea, Lake Elton, many other inland lakes, certain estuaries on the shores 
of the Caspian, the Limans of Bessarabia south of Odessa, the run of Cutch, and the bitter lakes of 
the Isthmus of Suez, are instances of salt deposits now in actual progress. The last-named lies in 
a basin which was intermittently inundated by the Bed Sea, the waters being evaporated, and beds 
of salt thrown down, between the successive incursions. At the time the Suez Canal was made, the 
formation was partially destroyed. Its layers are said to vary in thickness from IJ to 7J in., and 
it is estimated to contain 97 million tons of salt, and to cover an area of 66 million sq. yd. 
The oldest deposit of rock-salt known to exist, whose geological age may be said to be positively 
determined, is the Salt Range of the Punjaub, which may with tolerable certainty be referred to 
the Permian, while the deposits lately discovered at Middlesborough-on-Tees may also probably be 
referred to this period, as they immediately overlie the magnesian limestone. 

Thomas Ward and Von Baer describe the salt formation now going on upon the shores of the 
Caspian. As at this part it fills with river deposits, a number of bays and gulfs become nearly 
separated from the main body of the sea; when this occurs on the eastern side, where no 
rivers enter, and where the evaporation is great, these bays and gulfs soon become intensely 
salt. Near Novo Petrovsk, on the eastern coast, is a number of basins, presenting every degree of 
saline concentration. One of these still occasionally receives water from the sea, and has deposited 
on its banks only a very thin layer of salt. A second, likewise full of water, has its bottom hidden 
by a thick crust of rose-coloured crystals, like a pavement of marble. A third exhibits a compact 
mass of salt, in which are pools of water, whose surface is more than a yard below the level of the 
sea. A fourth has lost all its water by evaporation, and the stratum of salt left behind is now 
covered by sand. Here we have an instance of what must have frequently happened in the 
drying up of seas. On the same coast of the Caspian, is the Kara Boghaz, an estuary of 
considerable extent, and nearly separated from the main body of the sea by a bank, through which 
there is a shallow inlet. The evaporation from the surface of this gulf is so great that a 
current continually sets in to it from the main body of the Caspian, and as there is no return 
current, the water of the gulf is daily becoming more saline, and a salt deposit is being formed, 
which Von Baer estimates at the rate of 350,000 tons a day. Schleiden says that the Caspian is 
deprived of nearly 450,000 tons daily by this current, which rather increases the quantity ; Von 
Baer’s estimate would give 127,750,000 tons per annum. These figures seem exaggerated, in face 
of the composition of the Caspian. For every ton of salt conveyed in, there must be 99 tons of 
water. In process of time, this large gulf will be cut off from the Caspian, and gradually leave 
enormous beds of salt. On the N.-W. of the Caspian, but some 200 miles from it, are the remains 
of a similar gulf. Lake Elton, from which large quantities of salt are annually obtained. In 
1805, Gobel bored at a distance of about miles from its then shore, and found 42 distinct layers 
of rock-salt, the uppermost 4 in. thick, the lowermost 9 in. The deeper he went, the purer 
and more solid was the salt ; at the 100th layer (1 ft. thick), it was so hard that the iron tool 
broke. In time. Lake Elton will disappear like so many others, and its salt will become covered 
by sand and soil. 

The stratified nature of all salt deposits with their interposed beds of clay, the salt rock itself 
generally possessing a perfectly stratified structure, as well defined as any other rocks of known 
aqueous origin, points also to the fact that rock-salt must have been deposited from solution. The 
large quantity of selenite (crystallized hydrated calcium sulphate) so constantly found interstratified 
and intimately mixed with rock-salt is in itself an almost conclusive proof of its marine origin, for 
selenite is a hydrated mineral, losing its water at a temperature far inferior to that at which 
sodium chloride fuses ; thus crystals of selenite could hardly have found their way into the solid 
mass of the salt unless they had been deposited from solution simultaneously with the salt itself. 
In subsequent times, should the surface of the mixed bed be denuded or dissolved by the action 
of water, the salt would be carried away, leaving a bed of gypsum, such as is constantly found 
overlying and surrounding rock-salt deposits. In some districts, as those of Magdeburg, Stassfurt 
Vie, &o., beds of potassium and magnesium salts are found overlying the rock-salt. Sea-water 
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contains similar salts, which on its being slowly evaporated are deposited in tlie same orler as and 
in similar forms to those found in connection with these German salt formations. Supposing the 
existence of a great Triassio estuary or lake becoming in the lapse of ages completely dried up, 
it is easy to imagine how the formation of these German deposits took place. Beds of salt would 
be found, while the inland sea from which they were product would bMome continually enriched 
with successive accessions of salt washed by floods from the salty soil of the surrounding country, 
and streams would also bring down clay and mud, so that in course of time layers of salt would 
be formed interspersed with beds of clay, and they might ultimately become covered up and 
protected by this same clay deposit. In this upirer bed of clay, beds of the more soluble potassium 
and magnesium compounds would remain interstratified. 

It has been urged that little or no potassium salts occur in some of the best-known rock-salt 
deposits ; most rock-salt formations, however, show evident traces of denudation subsequent to their 
formation, as attested by the rounded and waterworn appearance of the exterior surfaces of these 
beds, indicating tliat they have undergone superficial re-solution before becoming finally protecfeil 
by their clay covering. Any denudatory influence of water would fii-st tend to carry off tlie more 
soluble potassium and magnesium salts overlying the rock-salt, and only subsequently to this would 
it attack and dissolve part of the rock-salt, leaving it with a covering of the less soluble gypsnm, 
as already explained. Eeniform masses of rock-salt embedded in clay, similar to the larger masses 
found in nature, may be observed on a small scale in the bottoms of tubs used for dissolving rock- 
salt. It is perhaps difficult to imagine tlie enormous lapses of time required iu the production of 
some of the great salt masses. The salt-beds of Cheshire are 75-110 yd. thick in many parts ; those 
of N.-B. France, about Nancy, 7 layers in all, separated by beds of clay, occur at 65 yd. from the 
surface, and have been proved to be more than 13 yd. deep of salt ; those of S.-W. France at Dax 
have been pierced to a depth of 163 yd., without reaching their limit. Whole mountain masses 
in some countries are largely composed of salt ; in Germany, rock has been penetrated to a depth 
of 1390 yd., of which, all but 91 yd., was in rock-salt. The whole question is one of time, 
and geologists are daily becoming more accustomed to deal with questions on this basis. It is, 
indeed, a fact that if tlie whole of the known deposits of rock-salt in the world were to be added to 
the waters of the ocean, they would but raise its standard of saltness to an insignificant extent. It 
has been shown by eminent physical geographers that the surface of the ocean possesses a total 
area of no less than 132 million sq. miles, allowing 97 million for the Pacific and Indian Oceans 
collectively, and 35 for the Atlantic Ocean. The quantity of rock-salt which tlie sodium chloride 
contained in the waters of the entire ocean could produce, on a basis of an average depth of the 
ocean of 3 miles (or a bulk of 396 million cub. miles), and assuming 1 gal. of sea water to contain 
about O' 2547 lb. of salt, and taking 2-24 as an average sp. gr. for rock-salt, 1 cub. mile of sea water 
would contain such a quantity of salt as would produce 0-01116 cub. mile of rock-salt which 
multiplied by 396 million, gives 4,419,360 cub. miles as the bulk of rock-salt that the evaporation 
of the entire ocean would yield. This very large figure is equal to IfJ times the cubic contents of 
the continent of Europe. It is therefore obvious how little the salinity of the sea would have been 
decreased by the abstraction of such a relatively small quantity of salt as that collectively contained 
in all the known rock-salt deposits. 

It is remarkable how frequently erupted rocks and hot springs are found iu the neio-hbourhood 
of salt deposits ; but this need not be taken as pointing to a volcanic origin for the salt itself. A 
specimen of salt erupted from Vesuvius in 1822, analyzed by Laugier, gave the following composi- 
tion: — Sodium chloride, 62'9 per cent. ; potassium chloride, 10'5; silica, 11-5 ; sodium sulphate 
1-2; calcium sulphate, 1 ■ 1 ; ferric oxide, 4'3: alumina, 3 • 5 ; lime, 1-3; loss and moisture 3 '7. 
The very large proportions of potassium and silica distinguish this from any known rock-salt. It 
is but fair, however, to observe that, on other occasions, considerable quantities of nearly pure 
sodium chloride have been emitted from this mountain. 

It is easy, on the other hand, to understand how depressions and elevations produced in the 
earth’s crust by disturbances due to volcanic phenomena would tend to the formation of estuaries 
and inland seas favourable to the production of salt; and many such disturbances and eruptions 
probably occurred during the time when the ocean bed was being raised and became dry land. 
Further it is to be noted that most trappean rocks are rich in iron, often ferric sulphide, whilst they 
are easily disintegrated by the combined influences of moisture and atmospheric oxidation. Salt 
itself assists in promoting such decompositions, so that islands or clitfs of trap on exposure would 
tend to crumble down and decompose, and under the action of tlie briny waves of sucli a sea, some 
of the iron present mi^rlit temporarily dissolve as ferrous sulphate, accounting for the frequent red 
colour of rock-salt. Any sulphur combined with the iron would be oxidized to sulphuric acid, and 
go to augment tlie gypsum derived from the sea-water by combining with lime from the surround- 
ing strata, while the crumbled trap, subsiding as clay, and becoming interstratified with gypsum, 
would wrap up the salt in a protective covering, and preserve it from re-solution. 

Another noticeable and not easily accounted for feature in tlie geology of rock-salt is its 
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frequent association with bitumen and petroleum, which are found with salt in the oil formations of 
Pennsylvania. Bastennes, where bitumen was long worked, is close to tlie salt deposits of Dax, at 
the foot of the Pyrenees ; and petroleum floats in small quantity on the surface of a spring near 
Orthez, and has been found in a boring in the neighbourhood of Salies in the same district. Petro- 
leum and bitumen also occur not far from Volterra in Tuscany, where the largest rock-salt works of 
Italy exist, and near to which are Coimt Larderel’s celebrated boracic acid springs ; and they are 
worked in some quantities in Wallachia, where also much rock-salt is found. Petroleum has lately 
been discovered in Hanover, not far from the Gemmn salt deposits already mentioned. Bitumen 
colours the lowest beds of the rock-salt mines of Nancy. It is found in and around the Dead Sea 
in numerous places, while both bitumen and petroleum oceur abundantly at Baku, on the Caspian, 
near some large salt deposits both old and recent. A good deal of organic matter, both vegetable 
and animal, exists in the sea, and as its waters became concentrated, such organic matter would 
concentrate with them. Large quantities of shells filled with petroleum are spoken of as being 
found in Pennsylvania, and myriads of shells saturated with bitumen occur in the old workings of 
Bastennes ; but whether or no there is any tendency of organic matter in presence of strong brine, 
through the avidity of brine for water, to develop itself into these hydrocarbons, remains for the 
present a mystery unsolved. Such a union of facts as here given testifies strongly to the theory 
that rock-salt is a true sedimentary rock, and that it probably owes its origin to the slow evapo- 
ration, in the course of enormous lapses of time, of salt lakes or inland seas fed from the waters 
of the ocean. The sea as it now exists may owe some of its saltness to the solution of rock-salt 
formed during previous geological periods, and subsequently depressed beneath the present ocean. 
Probably such eases of solidification and re-sfdution have been frequently repeated, but that the 
present known formations of rock-salt owe their origin to an evaporation of salt water, such as is 
now going on in certain quarters of the globe, rather than to any eruptive agency, there can be 
hardly any room to doubt. 

The very general distribution of salt in almost every known region of the globe, the facility 
with which it can be quarried from the mountain sides, or obtained by evaporation from the waters 
of the sea, or of salt lakes, the fact of its being a prime essential in the economy of life, and a 
staple raw product of numerous important industries, have led to the introduction of the salt manu- 
facture in one form or other into almost every country, and shed an interest over all facts connected 
with its production. In considering the various processes by which salt is manufactured, the 
methods employed in European countries will alone be studied, especially comparing the English 
manufacture Witli those in use abroad, where important diiTerences exist. The subject will be 
divided into 3 heads :—(l) The production of salt from sea-water by spontaneous evaporation; 
(2) the mining of rock-salt ; (3) the production of white salt from brine by evaporation with 
artificial heating. 

Sea-Salt or Bay-Salt (Fn., Sel mann ; Geb., Ifrer-safr).— The production of salt from sea-water 
by spontaneous evaporation varies much with the general atmospheric conditions. It was at 
one time practised in England ; at Lymington in Hampshire, at Hayliug Island near Portsmouth, 
and at Saltcoats on the Ayrshire coast, the evaporation of sea-water for the production of salt in 
“ salterns ” or “ brine-pans ” was formerly a staple industry. Since the suppression of the duty 
on salt, and the development of the production in Cheshire and Worcestershire, the sea-salt 
industry has been reduced to one or two establishments round the coast where coal is cheap, as at 
N. Shields, where salt is made by artificial evaporation from strong brine produced by dissolving 
rock-salt to saturation in sea-water. But the employment of solar heat is common in countries 
where the climate is more suitable ; hundreds of thousands of tons of salt are annually produced in 
this way along the W. shores of France and Portugal, in the Bay of Cadiz, along the E. of Spain and 
S.-E. of France, and along the coasts of Italy, Austria, Greece, Turkey, and Russia. The manu- 
facture of salt from sea-water is in fact an industry of high importance, employing much labour 
and affording large revenues. 

Sea-water differs but little in its composition, whether taken at the surface or at the lowest 
depths, tides and currents apparently maintaining it iu a perfect state of mixture. Some enclosed seas, 
such as the Red Sea and the Mediterranean, appear to be rather richer in saline matter than the 
waters of the ocean ; others, as the Black Sea and the Baltic, are somewhat poorer. Under 
the tropics, and where dry winds prevaU, there is some trifling augmentation of the saltness of the 
ocean, whilst at the poles, and near the mouths of some great rivers, the water is rather less salt 
but these differences are completely local and relatively insignificant. Table I. (opposite), gathered 
from various authorities, though it may be considered fanciful in respect of the combinations in 
which the various elements are supposed to exist, will convey an idea of the composition of 
sea-waters. 

For the better understanding of the processes of manufacturing sea-salt, it will be convenient to 
consider what are the general results of the concentration of sea-water by evaporation. Usiglio 
in some observations very carefully made in the neighbourhood of Cette upon the water of the 
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Mediterranean during evaporation, describes tlie reactions and the order in which they take place. 
The sp. gr. of the water there is 1 • 023. When the clear water is submitted to concentration by 
evaporation, no deposit takes place until the water attains a sp. gr. of 1 • 05, when a little ferric 
oxide and calcium carbonate begin to go down. This continues till the sp. gr. is 1‘12, at which 
point, selenite (hydrated calcium sulphate) also begins to separate, and continues till the sp. gr. is 
1'25. Meanwhile, as soon as 1'21 is reached, i. e. when the original volume of the water is 
reduced from 1000 parts to 95, magnesium sulphate crystallizes out with the selenite, accom- 
panied by some sodium and magnesium chlorides. Sodium bromide likewise begins to deposit 
so soon as 1-231 is attained. The precipitation of these 3 salts continues steadily to progress 
until close upon sp. gr. 1'3, and the volume of the solution is reduced to 16 parts, or about of 
what it was. Its percentage composition will then be : — Magnesium sulphate, 11 ‘45 per cent. ; 
magnesium chloride, 19' 53 ; sodium chloride, 15' 98 ; sodium bromide, 2 ■ 04 ; potassium chloride, 
3 '30; water, 47 '7. So that when the water had only reached a sp. gr. of 1-21, the only substances 
which had separated were (in percentages of the original water) : — Ferric oxide, 0 • 0003 ; calcium 
carbonate, 0'0117: selenite, 0‘1466: but between 1‘21 and 1'231, the composition of the deposit 
became: — Calcium sulphate, 0‘0283; magnesium sulphate, 0'0621; sodium bromide, 0 0222; 
magnesium chloride, 0‘0153; sodium chloride, 2‘7107. Thus between these two last-named 
densities, nearly 2 • 84 per cent, of saline matter crystallized out of the solution, 95 J per cent, of 
this being sodium chloride. 

These results are most instructive, and their application in the art of salt production from sea- 
water will presently be seen. Usiglio further describes the reactions which follow on continuing 
the evaporation of the mother-liquor ; how they become more complicated, and the composition of 
the material which salts out commences to vary with alternations of temperature ; how, if the 
temperature of this mother-liquor of sp. gr. 1-3 be lowered, as by exposure during the night, 
magnesium sulphate alone will crystallize, whereas if the liquor be concentrated by further 
evaporation during the day, a mixture of sodium and potassium chlorides with magnesium sulphate 
goes down. By this deposition, the solution slightly loses in density, and its sp. gr. may possibly 
fall to about 1'28. Magnesium bromide also separates with the potassium and magnesium 
chlorides, and a double potassium and magnesium sulphate forms, corresponding with the kainite 
of Stassfurt (BljSOiMgSO^eOHj). There likewbe separates another double salt, corresponding 
to the Stassfurt camallito (potassium and magnesium chloride, KClMgdjeOHj). Finally, the 
mothers, which now have- attained a sp. gr. of 1*333, retain scarcely any sodium chloride or 
magnesium sulphate, very little potassium chloride, and are in point of fact a saturated solution of 
nearly pure magnesium chloride. This last salt crystallizes if the temperature be lowered to about 
4J° (40° F.). 


Table I. CoiiPonTioN op Sea-Watebs. 


Localities. 


English Channel. 

Atlantic. 

Mediterranean. 

North 

Sea. 

Caspian 

Sea. 

Black 

Sea. 

Dead Sea. 

Authorities. 


Eiegel. 

Schweit- 

zer. 

Labou- 

laye. 

Ure. 

Bouillon, 
Lagrange 
et Vogel. 

Laurent. 

Ann. deCh. 
and Pb., 
Sept. 1849. 

Clemm. 

H. Rose 

Gobel. 

Fleck. 

Constituents. 

Sodium chloride 


2'4632 

2-?060 

2*50 

2*789 

2*510 

2*722 

2*9424 

2*484 

0*754 

1*4019 


Potassium chloride 


0*0307 

0*0765 


0*154 


0*001 

0*0505 

0*135 



Magnesium chloride 


0*2564 

0*3666 

0*35 

0*233 

0*350 

0*614 

0 3219 

0*242 




Calcium chloride . . 
Magnebium bromide 


0*0439 

0*0147 

•• 

0*0030 


" 






3*536 

Sodium bromide 
Calcium sulphate . . 


0*1097 

0-1406 

0*01 

0*052 

0*155 

0*015 

0*045 

0*0556 

0*1357 

0*120 


0*0105 

0*502 

0*121 

Magnesium sulphate 


0*2146 

0-2300 

0*58 

0*184 

0*578 

0*702 

0-2477 

0*206 

0*406 

0*1470 

Sodium sulphate . . 


• • 

0*0176 

0*0078 

•• 






0*036 

1*^7 

Calcium carbonate . . 
Magnesium carbonate 


0 0030 

0*02 


1 0-020 

0*020 

^ 0.0114 


0*013 

0*440 

0*0365 

t’erric chloride 

Water 


.. 

96*8414 

96*4743; 

96*54 

96*433 

96*527 

.. 

95*896 

0*0003 

96*2904 

96*813 

95*^6 

93*2253, 

73-926 

Total.. .. 

•• 

100- 

100- 1 

100* 

100* 

100* 

100* 

100* ’ 

100* 

100* 

100- ! 

100* 

Percentage of solid con-> 
stituents ) 

3-1686| 

3 *52571 

3*46 

3*567 

3*473 

4-104 

3-7655 

3-187 

1'654 

1*7747, 

26*065 


The works in which the sea-salt industry is carried on consist of several series of basins 
communicating with one another, and possessing extensive evaporating surfaces. Through these, 
the sea-water is led until arriving in the last, which are very shallow ; the already concentrated 
salt water is allowed to stand till most of the salt has crystallized out. 

The mother-liquor or “ bittern ” is drawn oif, and the salt is collected and drained to dryness. 
The first of the series of basins is usually a large shallow pond, into which the sea-water is 
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admitted, and v?here it is allowed to settle, and is stored for use. Sometimes two snch large basins 
are employed, one for settling, tbe other for storage. Hence the water is carried throngh a series of 
other basins, each set in its turn being smaller and shallower. In the last, the salt principally 
deposits ; it is then collected, drained, and stacked for sale. 

These works are called by various names, according to the countries in which they are situate. 
In England, they were known as “salt-marshes,” “salterns,” “salt-gardens,” and by other local 
names. In France, they are called marais salants or salitis ; in Portugal, marin/ias ; in Germany, 
Meersaiinen or Salzgarten. 

Fig. 1203 shows a marais sahnt as now in use on the Atlantic coast of France. The spot 
chosen is generally some little bay or creek protected from the direct action of tlie waves ; from 
this, is led a small canal, through 


which at spring-tides the sea- 
water can be conducted into 
the large reservoir A, the yas or 
vasiere (“settler”), where the 
water is allowed to clarify. 
This reservoir is usually placed 
higher than the rest of the 
marais salant, so that the water 
can be run off at pleasure into 
the first set of basins or couches 
c, without pumping. The jas 
may be of any moderate dimen- 
sions, and often covers 2J acres, 
the depth varying from a yard to 
a fathom. The water, having 
become thoroughly clarified in 
the jas, is allowed to run by the 
underground channel B, fitted 
with a suitable sluice, to the 
couches, which are frequently 
about 23-24 ft. long, 12 ft. 
wide, and 1-1 1 ft. deep, ar- 
ranged in sets of 8 or 10 in a 
double row, as shown, separated 
by low walls or dams, but com- 
municating with each other in 
such a manner that the water 
entering from A by the sluice B 
can circulate slowly through 
them, as shown by the lines 
and arrows, and be drawn off 
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by the sluice G. In fine weather, the water has already undergone some degree of concentration 
by the time it has settled in theyus A, and as it passes in an almost insensilde current throu<'h 
the couches, it continues to evaporate. It is led by the sluice G into a canal D, which neariy 
encircles the marais salant, and serves to conduct the water on to the tables E, arranged similarly to 
the couches ; over tliese, it flows as before in an almost insensible current into otlier basins E, called 
aclernes or muants, whence it is fed as required by small channels cut in the soil into the ceuilletsfg, 
small basins where the salt crystallizes, or, as the French peasants say, “ou I’cau commence 
a saliner.” 


On the shores of the Mediterranean, about Cette, Marseilles, and the Etang de Berre, immense 
quantities of salt are produced by a somewhat similar arrangement. As, however there are no 
tides in that sea, the arrangement with the separate reservoir A is not essential! A series of 
basins, whose bottoms are levelled and pugged with clay, are made by sets in gradients (usually 3) 
BO arranged with channels and sluices that the water can flow from basin to basin and from one set 
to another. The general principles involved are much the same as on the Atlantic coast They 
differ, however, in the degree of circulation of the water. In the western works the water ^ 
allowed to almost stagnate, as it were, no differences of level being maintained so as to promote its 
flow, except in respect of the yas, which is usually placed on a rather higher level. In the salinsdu 
midi, on the contrary, when the flowing water has reached its lowest gradient, it is collected in large 
wells, whence it is drawn up and thrown back by a pump or water-wheel to its former level, and attain 
traverses a like set of gradients, to return once more to another set of wells. The first set are called 
“ wells of green water,” the second are called “ salt water ” wells. On arriving at these latter, the 
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water should have attained a sp. gr. of !• 18-1 *20, and be nearly at crystallizing-point. By this 
means, a greater circulation is maintained, and the evaporation is more rapid. Each set of basins in 
each gradient is made a little smaller than the previous set, to correspond with the diminishing bulk 
of the water as it undergoes evaporation. Finally, in a set of basins placed at the lowest level of all, 
the salt crystallizes ; these are called tables salantes or cnjstallisoirs, and receive the water so soon 
as it has attained a sp. gr. of 1 ■ 95-2 '00, In the salt marshes of the west, the mother-li(juor 
(“ bittern ”) is always left in the ceuillets, and 
has a tendency to render the salt rather bitter 
and deliquescent, by reason of contamination 
with magnesian salts. In the salins du midi, 
as the French Mediterranean works are called, 
the bittern is drawn off, and stored in special 
reservoirs, with a view to its subsequent 
further evaporation, alternated with refrigera- 
tion, for the extraction of the potassium and 
magnesium salts. When the salt has formed 
in the ceuillets or on the tables salantes, as the 
case may be, more ready-concentrated water 
is run on, the bittern being drawn off in the 
case of the salins du midi, or left in the marais 
salants of the west. Here the water is main- 
tained at a depth of 3-4 in., and a fresh supply 
is run in every 2 days or so during tine 
weather, and when enough salt (say 3-4 in.) 
has accumulated, it is collected by means of a 
sort of scoop or hand plough B, Fig. 1204, 
which the saulnier, as these workmen are 
called, pushes along before him. Notwith- 
standing that he does this work with surprising 
dexterity, he never fails to pick up a con- 
siderable portion of clay with the salt, render- 
ing the latter impure. Of late years, a species 
of moss has been introduced from the Portu- 
guese marshes into the salins du midi. This is 
grown under fresh water, with which the basins 
are flooded for the purpose, and forms a clean 
bed, whereon the salt crystallizes, and is thus obtained far whiter and purer. The salt of the French 
Atlantic coast often contains not over 88 per cent, of sodium chloride ; the Slarseilles and Cette salt, 
over 95 per cent. The salt, after collection, is stacked in heaps H around the mnniis salant, these 
often being thatched over for protection from rain, and it there drains and loses much of its 
deliquescence and bitterness by long exposure to the atmosphere. In France, this work lasts in 
fine summers from April till September. 

The sea-salt trade is far more prosperous on the Mediterranean than on the Atlantic sea-board, 
for not only is the salt far purer, but less rain falls in the former locality, and that part of the 
Mediterranean coast bordering on the Gulf of Lyons is very subject to a dry parching wind called 
the mistral, w'hich, though a great disadvantage to the other inhabitants of the country, blows much 
profit to the salt-makers. Nobody can imagine more miserable cnatures than the poor saulniers of 
the W. coast of France ; clothed in rags and more than half starved, pale and shivering with ague, 
they still struggle to maintain an industry which is gradually dying out. The pan-salt of the 
S.-W. works of Dax, Salies, Briocous, and Villefranche is competing with them on the one hand ; 
while the more successful salins du midi are now able with improved means of communication to 
bring their salt, which is both better and cheaper, into the markets of their western competitors 
at Bordeaux, Agen, Ptrigeux, and Pau ; and the salt of the N.-E. of France has driven them 
from Paris. Looking at the condition of the people, it is little to be desired that this industry 
should last in the W. of Fiance, and it is much to be wished that they should turn to other 
employment. 

The sea-salt industry of the coast of Portugal is very extensive, that relatively small country 
producing annually 250,000 tons, of which the salt-works of Sertuval alone yield 150,000 tons. In 
the districts of St. Ubes, Alcacer do Sal, there are over 400 sets of sea-salt works ; and at Aveiro, 
Figucras, and Oporto, are others of very great imjiortancc. In Istria, the sea-salt works of Pirano 
and Capo d’lstria yield annually 60,000 tons, while the “ gardens ” cover an area of 9 million 
sq. yd. In Sardinia, 50,000-60,000 tons of sea-salt are annually produced near Cagliari; wlule for 
the rest of Italy, Trappani, Lungro, Cervia, Margherita de Savoia, Comachio, etc., yield 105,000- 
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120.000 tons. Spain, in the salt marshes of the Bay of Cadiz, Marbella Boquitas, Gnandamar, and 
in the Balearic Islands, produces some 300,000 tons. In Russia, very large quantities of sea-salt 
are made in the Limans of Odessa, on the shores of the Crimea, and on the N.-E. coast of the 
Caspian. 

The production of sea-salt in France is shown in the table on p. 1737. 

The manufacture of sea-salt would appear to be a profitable concern in the Eastern Archipelago. 
The following is an estimate of the cost of carrying on the manufacture at the salines of Baria. 
The space allowed for the tables is about lO per cent., the beds 40, and the ja$ 20. To establish 
200 acres of “ tables,” requires no less than 250 acres of land. The working of 1 acre of tables, or 
2J acres of saline, involves the following expenditure : — ISOO/r. for feeding the workmen during the 
formation of the salines ; if the first collection of s;dt is good, tlie workpeople are paid a second sum 
of 1500 /(-., and the collection of sedt is given over to them for their own benefit. The capital thus 
advanced amounts to 3000 fr. The second year the proprietors work on their own account, and 
may collect salt to the value of 2000 fr. After deducting tax, etc., there remains about 1200 fr. of 
net revenue on the capital advanced at different stages (3000 /r.), or about 36 per cent. 

In India, where the Government monopolizes the sale and manufacture of salt, the annual 
consumption during the years 1867-8 amounted to 22,700,000 maunds (of 821 lb.), in 1878-9, 

24.200.000 maunds. The duty varies from 1*. to 6s. 6d. a maund. The bulk of this salt is obtained 
from the evaporation of sea-water or from the Sambhur Lake, but the output of Punjab rock-salt 
was in 1878-9 estimated at over 600,000 maunds. The quantities of white salt sent to India from 
this country will be seen on p. 1736. 

Extensive salt fields exist at Shimpaga, a short distance above Mandalay, on the W. bank of 
the Irrawady. It is also obtained at other places in Burma on a small scale. Large quantities 
could be manufactured at Shimpaga, but imported salt is fast taking its place in the market. 

Table II. shows the compositions of some of the sea-salts known in the markets of Europe : — 


Table II. Analyses op Sea-salts fkom well-known Localities. 
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There is one other method of salt manufacture employed in countries where extreme cold 
prevails, and which deserves passing mention. When sea-water is frozen, fresh water alone 
congeals, and the residue is a highly concentrated solution of its saline contents. This solution, 
further concentrated by evaporation, yields crystals of common salt. In the Russian province of 
Okhotsk, this industry is carried on to some extent during the winter months, but to judge from the 
annexed analyses by Hess, the salt so obtained is not of superior quality ; — 
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Salt is also made in small qoantities in Holland and some other countries of N. Europe by 
dissolving rock-salt to saturation in sea-water, and evaporating the solution by artificial beat, as will 
hereinafter be described under white salt. The salt so obtained is merely for local consumption, 
and the business is not important enough to merit more than passing allusion. 

Rock-Salt (Fr., Sel Gemme-, Ger., Stein-Salz ). — The geology of rock-salt has been already pretty 
fully considered in the commencement of this article. In a paper read before the Literary and 
Philosophical Society of Liverpool, Thos. Ward gives a classification of the principal rock-salt 
deposits of Europe, which is deserving of reproduction almost in extenm. 

The great salt districts of Europe in which rock-salt or brine-springs are met with are: — (I) 
Carpathians, (2) Austrian and Bavarian Alps, (3) W. Germany, (I) Vosges, (5) Jura, (6) Swiss 
Alps, (7) Pyrenees, (8) Spanish or Celtiberian Mountains, (9) isolated deposits and springs iu 
Russia, Turkey, Italy, Prussia, British Islands, &c., and (10) Cheshire, Worc estershire, &c. 

1. The Carpathians. — This is the most extensive and rich salt district in Europe, possessing salt 
enough to supply the whole continent for several thousand years. The Romans mined salt in 
various parts of Transylvania, and down to the present time salt is obtained from that country. 
From the extreme west of Galicia, following the direction of the Carpathians to where they meet 
the Danube, salt is more or less widely distributed on both slopes of the chain. The district may 
be divided into the Moldo-Wallachian, Transylv.mian, Galician, and Hung.rrian sections. 

The salt-mines of Wallachia are very noted, and the salt is distributed by means of the Danube 
and its tributaries over Bulgaria, Servia, and Hungary, as well as over the home districts. The 
salt used is the rock-salt, as is generally the case throughout the district of the Carpathians. 
Owing to the absence of cheap fuel, and the tolerable purity of the rock-salt, very few attempts to 
manufacture white salt have been made, and millions of gallons of nearly saturated brine are 
allowed to run to waste. The mines at Stanikul, Kimpina, Okna, and Okna Mare are the most 
important in Moldo-Wallaehia. 

Transylvania is richer in rock-salt than any other portion of Europe. It consists of a central 
basin, that of the Maros river, and the basins of the upper courses of the Szamos and Alt rivers. 
The whole territory is more or less mountainous, and the deposits of rock-salt are frequently found 
along the banks of the small rivers amongst the hills. The supply of salt is inexhaustible. The 
great centres of salt-mining are Maros TJjvar, on the Maros river, most favourably situ.ited for water 
communication, aud hence the largest shipping town in the district, exporting seventy per cent, of 
the Transylvanian salt; Parajd, on the Korond, a tributary of the Maros ; Dees Akiia, on the Great 
Szamos; Szamos Ujvar, on the Little Szamos; and Vizakna, on a small tributary of the Maros. 
The mine at the small town of Sasmezo, in the Ojtoszer Pass, forms a connecting link between the 
Transylvanian and Moldo-Wallachian districts. The generality of the mines lie near the surface, 
though the salt is followed downwards to great depths. The quantity df salt mined is very small 
compared with that in English mines. The whole annual production of Transylvania is estimated 
at 50,000 tons, about i of the production of all kinds of the Austro-Hungarian empire. 

The Galician district extends along the N. and N.-E. slopes of the Carpathians, from Moldavia 
to Moravia. There are numerous mines and brine-springs scattered at intervals along this district. 
Tlie most celebrated salt-mines in the world, and those longest worked, are the mines of Wieliczka 
and Bochnia, at the extreme west of Galicia. The mines at Wieliczka have been worked since the 
13th century. The mines and works of Sanok, Starasol, Kaluscz. and numerous other places, send 
out considerable quantities of salt ; and recently there has been discovered in the Kaluscz mine, 
sylvin, or native potassic chloride, and magnesic sulphate. 

The Hungarian salt district is very extensive, but almost wholly confined to the region of the 
Carpathians, from the borders of Transylvania to Moravia. One of the largest tracts lies in the 
basin of the Szamos, in the neighbourhoods of Szathmar and Szigeth, and in the neighbouring dis- 
tricts of Marmaros. In the localities of Soovar and Szlec, in the extreme north of Hungary, there 
are numerous mines. A continuous series of salt deposits is thus traceable from the neighbourhood 
of the Alt in Wallachia, along the Carpathians (and the minor chains running from them) around 
Transylvania, and thence on both slopes of the same mountains between Galicia and Hungary, 
until the Sudetic mountains are reached. 

2. The Austrian and Bavarian Alps. — This is probably the best known salt district of Europe 
to ordinary travellers. The most important mines and springs lie in a comparatively small area, 
in the upper parts of the basins of the Traun and Salza, and partially in the basin of the Inn. The 
most celebrated region is the Salzkammergut, lying on both sides of the river Traun, on the 
borders of Styria and Salzburg. The salt is chiefly manufactured. In many cases, water is 
allowed to run into the rock-salt mines, and to become saturated brine, then drained off, and manu- 
factured, many miles away. The district extends into Bavaria, along the valley of the Salza. The 
most important salt towns in the Austrian portion are Aussee, Ischl, Hallstatt, and Hallein. The 
Bavarian portion is very rich in salt, the chief towns being Berchtesgaden, Reichenhall, Traunstein, 
and Rosenheim. The last-named manufactures the salt from brine conveyed in pipes from 
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Beichenliall. This alpine district extends into the Tyrol ; at Hall, near Innsbmck, in the Inn 
Talley, are very extensive salt deposits and salt-works, and the rocks are similar in character to 
those of the Salza and Traun. 

3. W. Germany. — Under this head, are classed a very large number of salt-mines and brine- 
springs extending from Segeberg, in Holstein, in the north, to Snlz, on the Neckar, in VVurttemberg, 
on the soutli, and from Kreuznaeh on the Nahe, on the west, to Halle near Madgeberg, on the east. 
As they are by no means equally spread over the district, it will be well to group them as much as 
possible. The first group lies in the valley of the Neckar, and one of its chief tributaries, the 
Kocher. The Black Forest mountains form the west boundary, and the Suabian Jura the east. 
The chief towns are Sulz, Wilhelmsgliick, Hall, Wimpfen, Neckar-Sulm, and Sulzbach. In the 
valley of the Main and its tributaries, are a few brine-springs. At Hallstadt and Xidda, a large 
quantity of salt is made ; and at Kissingen, is a very strong brine-spring. 

The district between the Elbe and Weser contains very large quantities of salt, and springs of 
brine are met with in great numbers, from the banks of the Werra and Saale, to those of the Aller. 
The most numerous springs, as also the rock-salt deposits, lie near the various small ranges of 
mountains that are scattered about the district, as the Thuringer 'VVald, Harz Mountains 
Tentoberger Wald, &c. The most important towns are Salzungen, Allendorf, Halle, Stassfurt, 
Salza, Sclionebeck, Harzburg, Neustadt, Salzgitter, SalzJerhelden, Salzwedel, Hildesheim, 
Bodenberg, Sulze, Luneberg, &c. Closely connected with this district is the Buhr Valley in 
Westphalia, in the neighbourhood of Unna, where are numerous brine-springs. Two localities of 
special importance are the district between Magdeburg and Halle, more especially in the neigh- 
bourhood of Stassfurt ; and the Luneberg Heath in Hanover, to the south of Hamburg. In both 
localities, brine-springs have long been known, and Schonebeck and Luneberg have br en centres 
of salt manufacture for a considerable period. It is only of late that the extensive deposits of rock- 
salt in both neighbourhoods have been discovered. Tliere is one more small district lying quite 
outside the others, that of Oldesloe and Segeberg, in S. Holstein. At Ohlesloe, a brine-spring 
has been worked for a very long period. It is but within the last few years that rock-salt has been 
found at Segeberg. 

4. The Vosges.— This is a very imporbint district. Its salt meets English salt very extensively 
in Belgium. Great portions of E., N., and Central France are supplied from it. L'ntil the late 
Franco-German war, the district lelonged wholly to France, but, lying in the ceded district of 
Alsace-Lorraine (principally in Lorraine), now belongs to Germany, thus rendering Germany the 
possessor of some of the most extensive salt deposits in Europe. The chief towns in the Vosges 
district lie in the neighbourhood of Metz and Nancy, and are Chateau Salins, Dieuze, Moyen Vic, 
Sarrealbe, Salzbron, Eosiere. The salt is chiefly manufactured from brine-springs, though a 
considerable quantity of rock-salt is mined at Vic, and at Varengeville, near Nancy. ° 

5. The Jura.— Since France has lost the salt district of the Vosges, the long-noted one of the 

Jura will become of more importance. It is separated from that just mentioned by the Piateau of 
Langres, and lies in the basin of the Saone and Doubs. Tlie salt-springs of Salins have been noted 
from remote antiquity. The chief centres of manufacture are Salins, Aic, Lous le Saulnier 
Montmorot, Saulnot. ’ 

6. The Swiss Alps.-This small district lies on the right bank of the Ehone, just before the 

river enters the Lake of Geneva, in the Canton de Vaud. It has rock-salt mines and brine-sprim's 
The chief centres are Aigie, Bex, and Eoche. Bock-salt was mined heie 300 years a^^o ° 

7. The Pyrenees— Like the Carpathians, the Pyrenees are rich in rock-salt deposes and brine- 

springs. In the W. district of the Pyrenees, in both France and Spain, salt appears to be most 
plentiful. Ill Fr.ance, the basin of the Adour is the most important district, and contains the 
towns of Salies de Beam, Briscous, Villefranche, which last forms almost a suburb of Bayonne 
Dax was discovered accidentally by Ward a few years ago. At Salies d’Arbas, on the Garonne 
near the Pyrenees, a brine-spring exists, and salt is manufactured. In Spain, the whole basin of 
the Ebro is rich in salt, especially towards the source of the river, as is indicated by the number 
of villages named either sal or salinas. In one small district, are Salinas, Salinas d’Amana 
Saliiiillas, Poza de la Sal. On the banks of the Ebro, are Mendavia, Valtierra, Eemolinos and 
Sastag. Both rock-salt and bi ine-springs are plentiful. One of tlie most peculiar deposits of ’rock- 
salt known to exist is in this district, about 45 miles N.-W. of Baicelona, on the banks of the 
Cardona river; this is the famous rock-salt mountain of Cardona, a hill composed entirely of 
rock-salt, which is worked in open quarries like stone. ^ 

8. The Ccltiberian or Spanish District.— This is rather a number of isolated mines and brine 
springs. The chief towns are Saelicas, in the province of Guadalajara; Torreximeno in the 
province of Jean; Villafafila, in the province of Zamora; Monteagudo and Minglanilla in the 
province of Cuenca ; Cazoila and Hinojares, in Andalusia ; and Jumilla, in the province of 
Chinchilla. There are indications of salt in various other places ; indeed, Spain seems richly 
endowed with this mineral. 
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9. Isolated Salt-Deposits and Brine-Springs. — ^In France, at the foot of the Alps, at Montiers 
and Castellane, are well-known brine-springs from which salt is made. These may possibly belong 
to the same district as those of Aigle and Bex. In Italy, at Volterra in Tuscany, salt is 
manufactured ; and at Lungro and Altamonte, in the mountains of Calabria, rock-salt is mined. 
In Sicily, at Nicosia and Mussomeli, are salt deposits. At Szamobor, in Croatia, and Tuzla, in 
Bosnia, salt is found. In Eusda, at Baehmntz, on the Donetz ; Balachna, on the Volga ; Staraia 
Bussa, near Lake Ilmen ; Solikamsk, on the Kama, and the neighbourhood of the Urjil Mountains ; 
and at Detzkaya, salt deposits exist ; also at Eupatoria, in the Crimea, rock-salt is found. In 
Prussia, at Jnowraclaw, Eawicz, Waltersdorl^ brine-springs are found ; and at Sperenherg, S. of 
Berlin, a bed of rock-salt, of the enormous thickness of 2810 ft, had been bored into in 1870. At 
Kreuznach, on the Nahe, rock-salt is mined : this seems to be connected with the Vosges. 

10. Cheshire, Worcestershire, &c. — The chief centres of rock-salt and brine-springs are North- 
wioh, Middlewich, Winsford, Sandbach, in Cheshire ; Weston-on-Trent, in Staffordshire ; Stoke 
Prior, and Droitwich, in Worcestershire. At Duncrue, near Carrickfergus, there is an important 
rock-salt deposit. At Middlesborough-on-Tees, another valuable deposit of rock-salt exists. At 
Chester-le-Street, in Durham, is a brine-spring. Indications of salt are to be met with in Stafford- 
shire, Shropshire, and Lincolnshire. The Cheshire and Worcestershire deposits are by far the 
most important among British rock-salt deposits, the Carrickfergus salt being only worked to 
a comparatively limited extent, and the Middlesborongh hitherto not at all. This last was 
discovered some years ago by Bolckow, Vaughan, & Co., while boring for water in their steel-works, 
but they were unable to follow up the discovery for want of sufficient room. Bell Bros, have 
now bored in the meadows in front of their works at Port Clarence, where, at a depth of a little 
over 300 yd., they have again found the salt, and have traversed the bed to a thickness of about 
33 yd. No doubt with cheap coal and the facilities for shipment existing at the spot, as well as 
its proximity to the important industrial centres of the Tyne, the Wear, and the Tees, and its central 
position on the E. coast of England, the produce of this deposit may some day find its way to the 
Baltic, and supply part of the Scotch and English fisheries, and figure as an important factor in the 
salt industry of England. 

Eook-salt, as such, is comparatively little worked in England at the present day, only about 
1 15,000 tons being annually sent down the river Weaver, and most of this coming from the celebrated 
Marstou mine, owned by Fletcher and Eigby of Northwich. This is the most extensive rock-salt 
mine in Great Britain. The rock-salt is mostly exported to Belgium, and some other Continental 
countries. Germany used to take some rock-salt from England, but since her own discoveries, this 
trade has greatly diminished. Some consumption of ground rock-salt has sprung up of late, for use 
in the Hargreaves process of making “ salt-cake ” (see p. 287), for which it is better suited than 
the ordinary chemical salt. The rock-salt was first discovered at Marbury in 1670, in trying 
for coal, and for about a century subsequently only the upper layer of salt was known and worked. 
As far as the deposits in the neighbourhood of Northwich are known, each is said to consist of 
two superimposed beds, and to form two separate blocks, about IJ miles long and 1300 yd. wide, 
but they are obviously far larger than this. The salt is reached at depths varying from 32 to 
53 yd. (at Marston, 37 yd.), by sinking through beds of variegated clays or marls interstratified 
with layers and nodules of gypsum. The upper bed of rock-salt possesses a thickness of 25-30 yd., 
but rapidly thins off towards the S.-W. Above this bed of salt, and lying apparently in the recesses 
of its surface, is found a more or less continuous layer of saturated brine. This is the brine which, 
extracted at the various pumping-stations of Northwich, Winsford, and other places, and evaporated 
as described later on, supplies the white salt of the works of these districts. It has obviously been 
produced by leakages or infiltrations of the surface water through fissures in the superincumbent 
strata, and this by prolonged contact with the rock-salt has become converted into brine. Once 
saturated with salt, this brine lies inert upon the rock-salt, producing no further solvent action, 
until, some of it being withdrawn by pumping, more fresh water flows in from above, or until water, 
eutering the strata at any outcrop which may exist on higher grounds, forces the brine out to the 
surface as natural springs, and continues the solution of the rock-salt. It is estimated that the 
quantity of brine pumped in the Cheshire salt districts must in this way annually withdraw not less 
than 1,122,900 cub. yd. of rock-salt from the subjacent strata, leaving the ground above practically 
unsupported. In many places, serious damage to property has arisen from this cause, and, in a bill 
lately attempted to be introduced before Parliament, it was proposed to compensate the losses and 
destruction of property consequent upon these subsidences by a tax of 3d. a ton to be levied on all 
the salt manufactured in the Cheshire districts ; but the bill was rejected. A very exhaustive 
inquiry was made by a select Committee of the House of Commons on this occasion, which lasted 
from May 5th to May 20th of the present year, into the geological relations of the Cheshire sali- 
ferous strata. Several interesting points were raised as to the causes of the subsidences, and 
De Eanoe, of the Geological Survey, among others, afforded some valuable historical and practical 
scientific evidence, the general conclusions at which he arrived being : — 1. That the brine is formed 
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by the natural descent of water through the porous strata of the high grounds surrounding the 
geological basin of Cheshire on to the saline beds. 2. That the brine so formed passes by gravita- 
tion through the strata, emerging from it in several places at the surface of the ground. 3. That 
this wastage of the saliferous beds has, previously to the interference of man, caused large subsidences 
in historic times, and is likely still to continue to do so. The evidence adduced with regard to the 
existence of natural brine-springs and the records of previous subsidences were very interesting, and 
it seems difficult to imagine how now, after some centuries of working, and in view of the above 
facts, a tax such as that proposed could be levied on the saltmakers without injustice. One very 
curious map was placed in the hands of the committee, showing how very large have been the 
workings in the Northwich region, and that, practically speaking, nearly the whole district is 
undermined by the excavations for rock-salt, most of these being in the upper bed, and this was 
held sufficient to account for much of the subsidence in that region. In France, similar accidents 
have occurred, only to a less extent, from similar causes ; and part of the fortifications of the town 
of Dieuze having been injured by subsidence in the celebrated salt-mines of that place, the waters 
of the Indre having penetrated into the mines and dissolved the supporting columns of salt, the 
French Government felt bound to legislate on the matter. The mine of Varengeville, St. Nicolas, 
also fell in a few years since, causing some loss of life, and considerable destruction of property. 
Beneath the upper bed of the rock-salt at Northwich, lies one of a kind of greystone, interstratified 
with veins of salt. This bed of saliferous stone is lOJ yd. thick, and overlies the second or great 
bed of salt, below which it reappears, and has been sunk into to a further depth of about 62 yd. in 
another mine adjoining the Marston, where some small layers of s;ilt were found, but of inferior 
quality. The second bed is the one from which the principal supplies of British rock-salt are now 
drawn ; and at Marston, it has been explored to about 33 yd. in tliickness. The Marston mine has 
been worked for over 100 years, is 120 yd. in depth, and covers an area of about 40 acres. Bound 
the base of the shaft, the roof of the mine is supported by eight huge pillars of rock-salt, each pillar 
being 30 yd. long by 10 yd. wide. The rest of the mine is equally supported by pillars, between 
which the salt has been worked out ; these are 10 yd. sq., and 25 yd. apart. Tlie main or principal 
cutting in the mine is called by the miners Piccadilly. The salt is blasted out with gunpowder in 
the ordinary fashion, and sent up in bens to the surface ; the best and purest portions are selected 
for sale, whUe those which are too much contaminated with clay are rejected. This description 
of a rock-salt mine might be repeated for nearly every other salt mine in the world, with the 
sole difference that in some (as in Wieliczka) the workings are on a more vast and important 
scale. 

The accompanying nomenclature of the strata traversed by the sinking for rock-salt at Witton, 
near Northwich, shows the position of the Cheshire salt, as given by Holland : 


1. Calcareous Marl 

2. Indurated Bed Clay 

3. Indurated Blue Clay, with Sand 

4. Argillaceous Marl 

5. Indurated Blue Clay ” 

6. Bed Clay, with Sulphate of Lime irregularly intersecting it .. 

7. Indurat^ Blue and Brown Clay, with grains of Sulphate of Lime' 

interspersed 

8. Indurated Brown Clay, with Sulphate of Lime crystallized in irromlM' 

masses and in large quantity ° 

9. Indurated Clay, Blue, laminated with Sulphate of Lime .. !! 

JO. Argillaceous Marl 

11. Indurated Bed Clay, laminated with Sulphate of Lime .. " 

12. Indurated Blue Clay, laminated with Sulphate of Lime .. 

13. Indurated Bed and Blue Clay j 

14. Indurated Brown Clay, with Sand and Sulphate of Lime interspersed 

through it. The fresh water, 360 gal. a minute, finds its way 
through holes in this stratum, and has its level 16 yd. from 
surface 

15. Argillaceous Marl ‘ | 

16. Indurated Blue Clay, with Sand and grains of Sulphate of Lime 

17. Indurated Brown Clay, with little Sulphate of Lime 

18. Indurated Blue Clay, with grains of Sulphate of Lime .. . \ \ 

19. Indurated Brown Clay, with Sulphate of Lime " “ 

20. First bed of Bock-Salt ' 

21. Indurated Clay or Stone, with veins of Bock-Salt running in it 

22. Second Bed of Bock-Salt 
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1 

2 

1 

0 

1 

1 
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1 

1 

1 

1 

4 
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1 

1 

5 

0 
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10 

36 


Ft. 

0 

1 

1 
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1 

1 

1 

0 

1 

1 

0 

0 
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1 


2 

0 

0 

1 

1 

0 

1 

0 


In. 

0 

6 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 


0 


0 

9 

0 

6 

0 

0 

6 
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The foUowing analysis of the beds of “stone” underlying and intercalated between the beds of 
salt may be of interest, as a matter of comparison with the composition of pan-scale, and of the 
deposits formed during the evaporation of sea-water : — 
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Per cent. 

Water (at 212° F.) 1-86 

Loss on ignition 6-62 

(including traces of CO,) 

Lime (CaO) 3 '37 

Ferric oxide (FCjO,) 5 ‘80 

Alumina (AljO,) 7" 85 

Sodium chloride . . . . 15‘60 

Potassium chloride traces 


Per cent 

Sulphuric acid (SO,) 2 '16 

Phosphoric acid (PjO,) 1’95 

Insoluble residue : 

Alumina 9'45 

Silica 44 ‘51 


Total 99-17 


The Wieliczka salt-mine, certainly the most celebrated in the world, is situate 9 miles from Cracow 
in Galicia, and has been worked for about 600 years. It is excavated in the ridge of hills at the N. 
extremity of the chain which joins the Carpathians.- The salt is stoped out in longitudinal and 
transverse galleries, and large excavations are made in it, forming vaulted chambers of considerable 
height, and leaving massive pillars with arches between them for the support of the roof ; but 
the work is more of the nature of quarrying than of mining. Explosives are not very generally 
employed in this or in many of the other salt-mines of the Carpathian district, the rock being cut 
out in square or longitudinal blocks. Grooves are cut about 25J in. deep, forming the face of the 
rock into rectangular divisions ; lumps are then broken off from the face of the rock by wedging, 
and these are further broken np into masses of J-IJ cwt. for sale. The percentage of lumps 
to smalls produced by this method is stated to be as 75 to 25, the former selling for about 7*. 
a ton more than the latter. The lumps are generally sold just as they come from the mine, 
while the smalls are still further ground, and packed in sacks or casks ; the scarcity of fuel 
precludes the possibility of dissolving and refining this salt, while its great purity admits of 
its easy sale in its natural state. The colour of the rock-salt forming the walls of this mine 
reminds one of a light-grey granite. The mine is divided into 4 levels or “fields,” in the 
uppermost of which, 34 fathoms below the surface, the packing and preparation for transport 
is proceeded with. In the lower levels, the work of excavation is carried on ; and on the second 
level, is a lake of fresh water derived from a small stream which flows over the top of the bed 
of salt, and is carried by wooden shoots to this spot. Many of the cliambers in this mine 
are 80-100 ft. in height, and the excavations have been carried to a depth of no less than 783 ft., 
while many of the galleries are 1000 yd. long, and the total length of these galleries is about 
30 English miles. The mines of Boehnia and Wieliczka together are, however, said only to yield 
45,000 tons of salt per annum, the latter counting for 34,000. These mines give employment to 
800-1000 miners and other persons. Many books of travel are replete with descriptions of this 
mine, but visitors who had read the accounts must have been frequently disappointed. 

To add descriptions of other salt-mines would be mere repetition, the extraction of rock-salt 
differing in no respect from the getting of stone in any underground quarry, or the working of coal 
or similar stratified deposits. Foul air or explosive gases are not usually met with in salt-mines. 
In the Maraton mine, however, after a shot had been fired on one occasion, there was a considerable 
evolution of marsh gas (methyl hydride), which took fire and burnt for some time, issuing from 
a blow-hole in the floor. E. Falk also met with a like evolution of inflammable gas in his mine 
at Winsford. In the strata above the salt in the Dax explorations, a disengagement of marsh gas 
took place during the sinking of a small shaft, and subsequently during some borings executed 
at about a mile distant. Some highly compressed pent-up gases, proved to be liquefied hydro- 
carbons, have likewise been found in small quantities in the rock-salt of Wieliczka and some 
other places, giving rise to small explosions when the rock is in course of being dissolved. Salt 
mines are as a rule perfectly dry, and the miners are usually healthy and subject to no special 
infirmities or inconveniences, unless it be some occasional slight annoyance from the irritating 
effects of the saline dust entering the throat, eyes, or nose. It is advisable when working a bed of 
rock-salt to leave a good thickness of the salt under the floor and in the roof, not trusting to the 
beds of clay with which rock-salt is usually interstratified, and which often exfoliate and give 
way. The pillars left for the support of the roof should be as large and massive as possible, in 
view of the possibility, however remote, of their becoming disintegrated and weakened, composed 
as they are of a soluble, more or less deliquescent material. When a rock-salt working is disposed 
to give way, cracks and fissures usually appear in the roof, and signs of crushing about the upper 
part of the pOlars. 

A process of cutting rock-salt by a stresun of water, invented by an engineer named Pletsch, 
was employed till lately in the mines of Varengeville St. Nicolas, near Nancy. Fresh water, led 
through a pipe into the galleries of the mine, was there, from nozzles conveniently mounted on 
movable stands, caused to impinge in fine but forcible jets against the face of the rock. By this 
means, deep furrows were rapidly cut into the salt by solution, and large blocks could be detached 
with little manual labour and without blasting. This method, economical though it may appear, 
seems to have been the cause of a severe disaster in the mines in question. The salt was being 
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worked in one of the lower beds (of which there are seven in all) where it was pnrest and of 
best quality, the cutting-water being permitted to run away to a still lower level in a channel cut 
in the underlying bed of clay, on which, in this case, the levels were driven. This water had a 
sp. gr. of not more than X • 52, and was consequently far from saturated ; the purest portions of rock 
were therefore selected for sale as rock-salt, and the rest was broken up and used for further 
saturating the water of the reservoir below. The brine of the reservoir w-as finally pumped up to 
be evaporated for white salt. This plan of getting both brine and rock-salt was ingenious, and 
seemed to work successfully. The workmen, however, had long observed that the galleries of the 
mine seemed to fill up, by the swelling, as they supposed, of the clay floors, though in reality this 
was produced by the sinking of the pillars, probably from solution. One day tlie whole of this part 
of the mine suddenly fell in, and since then, the getting of rock-salt by this means has been aban- 
doned. Since 1876, a salt-cutting machine has been introduced at Wieliczka with much success. 
It is constructed somewhat on the principle of Winstanley and Barker’s coal-cutting machine. It 
would appear that in the course of 8 months’ working, this machine has shown itself capable of 
cutting rock-salt horizontally at a rate of 59 sq. ft. per hour, or vertically to a height of 5 ft. 9 in. 
at a rate of 30-40 sq. ft. per hour. The average cost is stated to be about 21s. per cub. yd., as 
against 27s. for hand work. It is likewise stated that in working out the salt, this machine pro- 
duces less smalls than hand labour, the proportion being only 17 per cent. The machines supplied 
by Stonek and Eeska, of Prague, are made of steel in all their moving parts ; they cost about 4301. 
each, and work by compressed air. 

The annexed table shows the composition of the rock-salt of a few of the largest and best known 
mines of Europe. The Stassfurt salt, however, is not generally so impure as stated ; in the Paris 
Exhibition of 1867, the writer obtained a sample from a lot of rock-salt from Stassfurt there 
exhibited in immense slabs and blocks, which gave on analysis no less than 99-95 per cent, of pure 
sodium chloride, and 0 • 05 of calcium sulphate, and was consequently nearly pure. 

Table III. Compositiox op Rock-Salts from well-known Localities. 
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Sodium chloride 
Calcium chloiide 
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ir/iite Sort.— The third branch of the salt manufacture, viz. the production of white salt by the 
artificial evaporation of hiine, is by far the most important of all the methods by which salt is 
prepared, so far as England is concerned, for not only is the salt thus obtained in a far pimer 
condition than by any other method, but by this method we alone produce in the Cheshire and 
Worcestershire salt-works, probably as much as a third of the quantity of salt which is consumed 
in the whole of Europe. 

The brine used in Cheshire is that alluded to as overlying the upper layer of the salt-measures, 
and it is raised by pumping, and fed into the various salt-works. Some of the salt-works raise 
brine for themselves by their own pumps, only paying a royalty to the landlord. The cost of the 
biine varies in the diflerent districts ; at North wich, it is 4-9d. per ton of salt made ; at Winsford 
it is 6d , and this latter price may be taken as a fair average. It is rare, however, to 'find saturated 
brine thus overlying the beds of salt. In other countries, this is seldom or neve’r the case, and a 
description of the manufacture of white salt may he commenced by explaining the various luethods 
used for obtaining the strong brine. 
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1 . A fcliaft is sank, and the rock-salt, mined in the usual manner, is brought to the surface and 
dissolved in water. Sea-water or the water of saline springs is sometimes used. In France, large 
wooden tubs called bessoirs are generally employed. The rock is broken and placed on perforated 
shelves, or hung in baskets round the upper edges of the tubs. The solution is performed in a reser- 
voir of masonry or of concrete lined with cement, and in this case a sort of wicker boat is sometimes 
surrounded with empty casks to give it flotation, and laden internally with broken lock-salt, and 
floated on the water of the reservoir. The salt dissolves, the stronger brine falling to the bottom 
and the weaker rising to the surface, where it continually meets with fresh salt. The process thus 
continues, till, if the supply of rock be properly maintained, the whole bulk of the liquid speedOy 
becomes saturated brine. 

2. Another method employed, more particularly in working beds of saliferous clay, is the 
creation of a solution-chamber (chamhre ile ilissolutiun) within the deposit itself (see Fig. 1205), into 
which water is introduced with cer- 


tain precautions, and this, dissolving 
the salt, and becoming converted 
into brine, is pumped up for use. 

The construction of such a chamber 
is carried out in the following man- 
ner. A shaft E is sunk to the bed 
of salt or saliferous clay ; in this, a 
horizontal longitudinal gallery P D 
is flrst pierced, and from this, the 
transverse galleries f m, and other 
longitudinal galleries r s ; this cuts the beds into squares or rectangles a, and these ar# further 
divided up by other smaller galleries, not shown, till the whole part to be excavated is cut into 
galleries, the roof being supported by the pillars left between. The size of the chamber, 
the distances separating the galleries, their height, &c., must depend on the nature of the ground, 
and in some degree on the fancy of the operator. By this means, is made a chamber of more 
or less rectangular form, the central gallery P D running throughout its entire length. Another 
transverse gallery A B is pierced in the same level, and at some yards distant from the end 
of the chamber, and the gallery P D is prolonged to meet A B at 0. A. long wooden pipe 
is laid from C to D, pierced with holes in its sides and bottom, and its upper part covered with 
a pent roof, so as to throw off any materials which may fall on it. A go^ timber dam is 
made at G, and well pugged with clay, and a sluice is made at H, by which the brine can be 
drawn off; F is another small shaft, through which water can flow into the chamber. The 
gallery A B may serve for any number of such chambers on the same level. All being thus 
arranged, water is allowed to flow down through Ftill the bases of the pillars are submerged a few 
inches. This water is soon converted into saturated brine ; it is drawn off by opening the sluice 
H, and pumped to the surface. More fresh water is let in to a like depth, and finally the bases of 
the pillars get cut away by solution. Each time fresh water is let in, care is taken that it rises only 
just far enough to bathe the lower ends of the pillars, which are thus gradually dissolved upwards 
from their bases, the sides of the chamber becoming likewise excavated and enlarged by solution. 
This goes on until the pillars become completely dissolved, and the whole becomes one great 
chamber filled with salt water. Much care is to be observed in controlling the quantities of water 
fed into these chambers, in which the pressure should be maintained as moderate and unvarying as 
possible. The fresh water admitted, being lighter than the brine, has a tendency to rise to the sur- 
face, and the solution is liable to go on almost entirely at the top of the chamber, the interior of 
which tends to assume the form of an inverted cone from this cause. This involves loss, and where 
two or more chambers A B are being worked continuously, the erosion of the salt necessarily takes 
place in the form shown in Fig. 1206, the portion C remain- 
ing untouched. A partial remedy for this inconvenience, 
constituting the best mode of working, and now usually 
adopted, is to introduce the fresh water in a small but 'X ^ 
constant and steady stream at F (Fig. 1205), while the \ / C 

brine is being drawn off in the same continuous manner 1 i 

at H. This method of working saliferous clays is much 
used in Germany ; at Dlirrenberg, in Saxony, are 33 of these solution-chambers, each possessing a 
mean capacity of about 700,000 cub. ft. 

Another method of obtaining brine from a bed of rock-salt, and one frequently practised in 
France, is that of simply boring into the salt and letting fresh water run down the bore-hole, when 
it excavates a chamber for itself in the salt by solution, and may be pumped up again as saturated 
brine. The boring for this purpose has to be of a tolerably large diameter, say S-10 in., and it must 
be tubed throughout with stout, well-riveted iron piping. Within this piping, descends the 



1205. 




1726 


SALT. 


suction-pipe of a pump, this latter pipe being only 3i-4 in. diam.. and closed at the lower end, 
but haying its sides pierced with numerous small holes for about 1-2 ft. from its lower extremity. A 
sufficient space is thus left between the two pipes for fresh water to find its way down to the bed of 
salt. It is usual to commence by sinking a well down to any water-bearing strata in the measures 
above the salt, and to commence the boring only from the bottom of this well ; or a well is sunk 
alongside the boring. Fresh water from the upper strata or the surface is allowed to percolate from 
this well into the space between the tubing of tlie bore-hole and the suction-pipe of the pump, and 
to descend to the salt, where it becomes converted into brine, and may be pumped up. Tlie esta- 
blishment of a brine-chamber by this means is rather tedious, on account of the tendency of the 
fresh water to rise to the top, and erosion to take place only at the immediate surface of the salt, 
which thus gets eaten out just where it meets the superincumbent bed of clay, morsels of which 
detach themselves, and, falling into the bore-hole, are liable to choke the pump. A year or more 
may thus elapse before any steady supply of saturated brine can be pumped, much, however, 
depending on the nature of the ^d immediately overlying the salt. If this he clay, much 
trouble and inconvenience may he experienced ; whereas if a good firm bed of gypsum or anhydrite 
intervenes between the salt and the clay, as occurs in the districts of the Meurthe, all will be found 
to work successfully. Under these arrangements, the descending column of fresh water in the 
exterior pipe tending to counterbalance the ascendant column of brine in the suction-pipe of the 
pump to about f of its height, the relative sp. grs. being as 1 to 1 ’20, the pump only has to do the 
work of elevating the brine through the remaining distance. Thus, with the bed of salt lying at 
a depth of 180 ft. from the level of the fresh water at the surface, the fresh-water column would 
tend to counterpoise and elevate the brine in the suction-pipe of the pump to a height of 150 ft, so 
that the pump itself would only have to lift or force the brine through the remaining 30 ft In all 
cases, thfe brine when produced, whether by dissolving the rock-Siilt in tuba at the surface, or by 
extraction from the solution-chamber within the bed of salt itself, contains by far too much 
matter in suspension to he fit for immediate use. It is consequently allowed to clarify by subsidence 
in large reservoirs (bessoirs) prepared for its reception. 

Sometimes the brine, whether derived from springs or otherwise, is not brought to the surface 
at a sufficient degree of concentration to be evaporated by artificial heat, without too great a con- 
sumption of fuel. It then becomes necessary to concentrate the brine. The most economical mode 
of doing this is obviously spontaneous evaporation by exposure to the air ; and in places by the 
seaside where high winds prevail, and where land may be of but little value, large quantities of 
salt are economically produced, as already detailed, by this means. But in other places, this 
arrangement would be inconvenient, and other means of exposing the liquid to evaporation on an 
extended surface are resorted to. Such is the so-called “graduation” system invented by Abith 
in the 16th century, and still practised in a few places on the Continent. A graduation-house 
(^Gradishaxis) is generally a huge shed, 300-400 yd. long, presenting one end to the prevailing 
wind, and open at both ends. The interior is filled with rows of faggots ; the floor is a large flat 
reservoir or basin, and on the top, by means of pumps and other arrangements, the water is 
sprinkled profusely over the faggots, and in course of descending into the trough below, trickles 
over the sticks, and exposes a large evaporating surface. By several repetitions of this process, 
the liquor loses water, and a concentrated brine is the result. Fig. 1207 represents the general 
construetion of a graduation-house. A description of that at Schonebeck, one of the largest and 
most important establishments of this kind, will suffice, as the system la not required in England, 
and is becoming less used elsewhere. The building is 916 yd. long, and 11-14 yd. high. It is 
filled with a double tier of faggots, presenting a thickness of 5§-7J yd. at its base, and'sj-Si yd. 
at the top, consequently offering an immense superficies for evaporation. The illustration shows 
the whole arrangement in profile, end on. a is the large reservoir for the salt water. It is 
excavated in the ground, and widens out at the top to c to catch any drip the wind may carry 
away ; d e are merely stays to support the walls of the reservoir, and to sustain the building 
against the lateral pressure of the wind ; / is the wooden framework in which may be arranged 
4 vertical walla or tiers of faggots. These faggots are made of white- or black-thorn, the 
branches of which are especially crooked and angular. The water is elevated by pumping to the 
reservoir A at the top, which is so arranged that the outflow can be altered according to the way of 
the wind. The water is allowed to descend through two pipes, closed or opened at wUl by the 
valves A, into the transverse pipe g ; thence it rises through the pipes, and flows out by cocks 
into pans, from the overflow of which it drips on to the fhggots. Berthier calculates that the 
average evaporation in ordinary fine weather by this means at Mouliers, in Savoy, where cords are 
employed instead of faggots, the other general dispositions remaining the same, is 131 gal. for every 
sq. ft. of cord surface in 24 hours. At Kissengen, the sheds are nearly IJ miles long by 25 ft. 
high. The water is raised six times in passing from one end to the other of the building, and by 
this, its strength is raised from 2i to 17i per cent, of salinity. Forbes has calculated Tliat here 
nearly 3 million cub. ft. of water are evaporated annually by this means. The first set of faggots 
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are stained brown by ferric oxide which cnemsts them, and they all have to be changed every two 
years or so, on account of a deposit of calcinm carbonate (“ thomstone ”) which coats them. By 
whatever means the strong brine is obtained, it needs evaporation to produce white salt. 


120J. 



In England, as already stated, the brine comes up fit for use at once. In and around Winsford, 
arc 35 salt-works, and 607 pans; in Northwich, 30 works, with about 485 pans; at Middlewioh, 
13 pans; at Sandbach, 68. At Droitwioh are numerous works, mostly, however, on a smaller 
scale, with the exception of Chapel Bridge and Coverscroft. In Cheshire, the brine does not rise 
spontaneously to the surface in sufficient quantity to feed the works, but has to be extracted by 
pumping. It lies, as has been stated, on top of the rock-salts, on the corrugated surface of which 
it forms pools, or “ runs,” as they are often called. A shaft or well is sunk to the brine level, and 
the ingress of any fresh water from the overlying strata is guaided against by careful tubbing. 
The brine is then raised to the surface by means of pumps worked by steam power. The surface 
of the bed of salt is reached at a depth of about 40 yd., and the arrangements for the sinking and 
the pumping of the brine are so familiar as to need no description here. Suffice it to say that as 
brine exercises a solvent and corrosive effect on lead, and an oxidizing action upon iron, the use of 
either of these metals is to be avoided, either for the pipes or for the body of the pump itself; copper 
for the former and bronze for the latter are most to be recommended. Iron pipes are, however, 
usually employed in Cheshire and Worcestershire. Whole tree-trunks of elm or pine have been 
and are still occasionally employed, out into short lengths, and joined together, and bored out as 
pipes, for conveying brine, and answer that purpose very well. In a few oases, the pump-shafts 
have been carded into old rock-salt mines, which have thus been utilized as solution-chambers, or 
reservoirs from which to pump brine. The strength of the brine obtained varies both with the 
loc.dity and the seasou. The salt-makers say that the brine used in Cheshire contains about 
2 lb. 10 oz. of sidt per gal., but this is misleading. The writer is indebted to C. M. Blades, 
analytical chemist, of Northwich, for first drawing his attention to the following facts connected 
with this question. When salt was subject to a government duty, the excise officers were in the 
liabit of estimating the strength of the brine by means of a “ salinometer,” a form of hydrometer 
graduated to indicate the amount of salt in lb. and oz. per gal., as shown at A, Fig. 1204. The old 
wine gallon then in use only contained 58,317 gr. of water, whereas the present imperial gallon 
weighs 70,000 gr. ; but the salinometer used at that time is still retained by the manufacturers, 
while the new imperial gallon is the only one now recognized. The indications of this hydrometer 
are consequently misleading, and when, guided by this instrument, the manufacturer states that a 
brine of sp. gr. 1 '204, and representing 26 per cent, of salt, contains 42 oz. or 2 lb. 10 oz. to the gal., 
his statement is erroneous. An imperial gallon of water weighing 70,000 gr. (10 lb.), an equal 
measure of brine of 26 per cent., and sp. gr. 1 • 204, should yield on evaporation 50 oz. (3 lb. 2 oz.) of 
dry salt, and this may perhaps be taken as an average strength for the brines of the Cheshire 
distiict. Misguiding as this may be, it has not so far led to any serious inconveniences, as the 
salt-makers usually purchase the brine from the owners of pumping-stations, paying on the amount 
of salt actually obtained. A change, however, in the mode of supplying brine is now taking place, 
and meters for registering the delivery are being introduced by several of the pumpers, with a view 
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to check the enormous waste hitherto existing. In future, therefore, to avoid errors and simplify 
calculation, the present system of graduation of the salinometer will have to be altered. The 
French use the hydrometer of Baume, or pese-sel, which is constructed to indicate directly the 
percentage of salt in a given weight of brine, being graduated from 0 to 27. Twaddell's hydro- 
meter indicates exactly oz. Av. of salt in the gal. of brine by the numbers engraved on its stem. 

Otto Pohl found the average amount of salt in the Winsford brine to be 26- 25-26- 50 per cent, 
by weight, receding during rainy weather to 25. Thos. Ward states that the Cheshire brines 
usually contain about 25 per cent, (this is perhaps rather low for an average). As may be seen 
from the tables of solubility on p. 1711, the total solubility of pure sodium chloride in water at 
ordinary temperatures is about 27 per cent. The Cheshire brine may consequently be considered as 
a nearly but not quite saturated solution of common salt, especially when we remember that the 
small quantities of other salts present tend if anything to diminish the solubility of the sodium 
chloride. AU natural brines employed in the manufacture of white or refined salt, whether 
derived from saline springs, from the concentration of sea-water, or by the direct solution of rock- 
salt are contaminated with other saline constituents, of which the principal are magnesium 
chloride, and calcium sulphate ; and it is a fact never to be lost sight of that all such brines, no 
matter what proportion of salt they may hold in solution, are as a rule saturated solutions of calcium 
sulphate. Were it not for the baneful presence of this calcium sulphate, and the pan incrustation 
chiefly due to it, the cost of producing white salt by artificial evaporation might probably be 
reduced by nearly one-third. Besides these salts, natural brines contain varying but small quan- 
tities of bromine, occasionally iodine, salts of potassium, and traces of iron, alumina, silica, boracic 
and phosphoric acids, &c. These other salts, however, interfere but little with the work of the salt- 
maker. In Cheshire, the brine is merely first pumped into reservoirs placed at such levels as to be 
able to feed the pans by an outflow-pipe. In these reservoirs, any insoluble suspended matter 
becomes deposited, and the brine then possesses a beautiful transparency, and a fine sea-green 
colour. In most of the Continental salt-works, the bessoirs already mentioned are employed. These 
require to be very carefully constructed, and are best arranged with external tie-rods armed with 
screws, so as to be able to tighten the joints from time to time. 

In England, also, are wooden reservoirs for the brine in and about many of the salt-works, but 
they are usually fastened with tree-nails, and strengthened by stout timber ribs placed externally 
and very near each other, and the seams are kept tight by caulking ; but they give endless trouble 
to keep them watertight. There is, however, probably far less loss under any circumstances from 
the wooden reservoirs than from those of puddled clay paved with stone generally used in Cheshire. 
The action of strong brine upon any wooden vessel in which it is stored, though liighly preserva- 
tive to the wood, is peculiarly astringent and contractile, and unless care be taken to provide 
against the emergency, it will be found that new wooden vessels, no matter how well made or 
how well the timber may have previously been seasoned, will not long stand the action of saturated 
brine, without requiring their joints to be tightened or caulked. 

In cases where the brine is contaminated with any large quantities of magnesium salts, it is 
usual to decompose these in the bessoirs by an addition of milk of lime, the operation being called 
chaulage. The lime displaces the magnesium as a flocculent precipitate of hydrated magnesia, and 
decomposes at the same time any iron or aluminium salts, of which traces are usually present ; it is 
added in just sufScient proportion for this purpose. As the precipitate accumulates in the bessoirs, 
they are cleaned out. The chaulage has been abandoned, except where necessity obliges it, for not 
only is the brine thereby made alkaline, and the crystallization rendered more difficult, but the liquor 
takes a long time to clarify, and during evaporation a crust is liable to form on the surface, which 
seriously interferes with the work. A far better plan is to wash away the magnesian salt, and other 
impurities that may be present, by a plentiful aspersion of the salt, after it has been made, with some 
saturated brine. In England, the brine as pumped and settled is sufficiently pure to be run at once 
in a continuous stream to the evaporating-pans, producing salt of superior quality, the mother- 
liquor hardly ever requiring to be run away till the pan is laid off for repairs (see Table opposite). 

The nomenclature of the principal qualities of salt occurring in commerce may be stated as 
follows : — 

Group I. Boiled. — Fine salt, sometimes called “lump” or “stoved lump”; superfine, also 
stoved ; butter salt, not stoved ; cheese salt, not stoved. 

Group n. Not Boiled. — Common, fishery, extra fishery, double extra fishery, bay-salt. 

In the French nomenclature, are fin fin, sumetime.s called sot d la minute, corresponding at the 
same time to our fine and butter salts ; then 6-, 12-, 24-, 48-, 72-, and 9G-hour salts, and another 
quality called ecailles, a very coarse large grain, corresponding to bay-salt, chiefly made for 
sprinkling on the top of the salt fish in barrels. 

The classification of the various qualities of salt varies with the size and appearance of its 
crystals, and these in their turn are almost entirely dependent on the rate at which the evaporation 
is carried on, and the greater or less degree in which the brine was agitated during that time. The 
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boiled Balts, produced daring actual ebullition, and the liquid being frequently agitated, are fine in 
grain; the unboUed, produced by slower evaporation, are of coarser grain, according to the 
temperature, the time expended in their production, and the stillness of the brine during that 
process. The evaporating-pans are built of common boiler-plate, J-f in. thick, the plates being 
about 4 ft. long by 2 ft. wide, and well riveted together. The plates are usually of rather smaller 
dimensions in the part immediately over the fire than elsewhere on the bottom or floor of the pan> 
as by this means some of the tendency to warp and buckle is supposed to be avoided. In England, 
the usual dimensions for fine and extra-fine salt-pans are 30 ft. long by 22-25 ft. wide, and 1 ft. 9 in. 
deep. This gives an evaporating surface of 720-750 sq. ft. Butter-salt pans are perhaps a trifle 
longer, say 35 ft. by 22-25 ft., and the same depth, with an evaporating surface of 770-875 sq. ft. 
Common and fishery pans range from 50 to 70 by 22-25 ft., and have the same depth, presenting an 
evaporating surface of 1100-1750 sq. ft.; some fishery salt-pans belonging to the British Salt 
Co. at Anderton are 90 ft. by 22, while at Stoke and Winsford, are fishery salt-pans ranging up to 
130 ft. in length. Beyond 70 ft. in length, however, there really would not seem to be sufficient 
gain, at least with the quality of fuel used in Cheshire, to compensate the increased cost of con- 
struction and repairs. In France, the common and fishery salt-pans are about the same sizes 
as ours, only perhaps a trifle wider; and at Dombasle, near Nancy, where the intelligent 
manager Botta has carried the manufacture to as great perfection as is attained in perhaps any 
works, the pans (,poeles) are 72 ft. by 29J ft. by 43i in., with an evaporating surface of 2124 sq. ft. 


Table IV. Analyses of Brines. 


Authoritt. 

A. B. Northcote. 

Heine. 

Fehling. | 

Maxwell 

Lyte. 


Cheshire. 

Worcestershire. 

Schonebeck. 




o 

2 g . 

.a 

Locautt. 

fl 

1 

«s 

Wenlock, 

Droitwich. 

Stoke 

Prior. 

Before 

Graduation. 

After 

Graduation. 

a 

e 

<b 

§ 

6 

Sulz. 

Frledriclisha] 

Wurtembu 

New York, 
Salinafrom 
Carboniferc 
FormatioixE 

Dax, in the Sc 
of France. 

Constituents. 

25*222 

26-333 

22*452 

25*492 

10-404 

25-160 

25-902 

23*473 

25*563 

13*239 

25*273 

Magnesium >, .« 


0-171 

, . 

.. 

0-073 

0-630 

Traces 


0-006 

0-046 

0*030 

Calcium „ . . 





. . 


. • 

. . 

. . 

0*083 

0-105 

Sodium bromide . . 
Sodium iodide . . 

0-011 

0*020 

Traces 

Traces 

. . 

*• 

;; 

•• 

•• 

•• 


0-016 

So^um sulphate. . 

0-146 

, , 

0-390 

0-594 

. . 


0*019 

. » 



. 

Potassium „ . . 

Traces 

Traces 

Traces 

Traces 

0*148 

0-550 

• • 

» » 

. , 


. 

Magnesium „ . . 



.. 

.. 


0-130 

0-610 


0-002 


0*357 

Calcium „ . . 

0-391 

0-418 

0*387 

0-261 

0*281 

0-170 

0-444 

0-508 

0*437 

0-569 

Soaium carbonate 
Calcium „ . . 

0-036 

0-052 

0-115 

0-016 

0-049 


0-019 

0-016 

0-010 

0-014 

0-015 

Ferric oside and > 
alumina . . 3 


.. 



•• 


•• 

• • 


0-002 

0-012 

Silica 

Water 


.. 





73-615 


73-982 


0-005 


In this table, the presence of calcium chioride in the Dax brine, of the sodium sulphate in the Worcestershire brine, 
and the large proportion of potassium sulphate in the Schdnebeck brine, are specially to be noticed. It is stated by the 
salt-makers of Cheshire that the Worcestershire brine works far more easily than theirs. If such be the case, it may be 
attributable to this peculiarity of composition. 

The floor of a pan is usually made slightly arched upwards towards the centre, so that a new 
pan is rather deeper at its sides than in the middle ; but they soon flatten out and warp in various 
directions under the influence of the firing. On the Continent, cast-iron pans have been in some 
cases adopted, and cast-iron plates substituted for the smaller wrought-iron ones universally 
employed in this country in the part of the pan just over the fires. Besides the advantage accruing 
from the less tendency to buckle and warp, the cast-iron has a much higher conductive power than 
the wrought-iron, and the advantage of cheapness. The plates are not made much thicker than the 
ordinary wrought plates, and are cast with exterior flanges all round their edges, by which they 
can be bolted together beneath the pan. They also have grooves cast in their edges, to receive 
asbestos cord or cement, by which, when screwed up, they can be made watertight. Were it not 
for fear of their greater fragility and some difficulties of adjustment, they would doubtless be 
employed in this country, thus avoiding leakages into the flues, and the consequent production of 
large stalactites of salt, technically termed “ cats,” an intolerable nuisance to the salt-maker. In 
Austria, such cast-iron pans are actually now in use, and their advantages will be manifest from the 
following comparative experiments made at Berchtesgaden under like conditions of firing, &c. : — 

Temperature attained Cost of 

in the pan, maintenauce. Durability. 


Sheet-iron 64-4° F. 74-8 12 years. 

Cast-iron 75'2° F. 34"4 21 yeiirs. 
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It is also sometimes the practice abroad to make the pans with plates riveted on to X -iron bars 
running across the width of the entire pan, the central flange of the X'iron standing up between 
the edges of the plates, and these latter having the 
rivets countersunk into them. This seems somewhat 
to prevent the buckling. 

Fig. 1208 represents the usual mode of setting 
pans in Cheshire, the two ends only being given, 
showing the positions of the chimney and the fires. 

This may be taken as illustrating any of the ordinary 
pans, whether for boiled or unboiled salts, the sole 
difference consisting in the respective lengths of the 
pans. 

Wooden pans even have been and still are em. 
ployed. One belonging to Thompson, of Northwich, 



1208. 



is 4 ft. 6 in. deep, 12 ft. wide, and 75 ft. long. The 
two ends are of sheet-iron, and a long sheet-iron 
cylinder, closed at the tvo ends by steam-tight doors, 
runs from end to end. This cylinder is about 18 in. 
diam., and is supplied from above at about the middle 
of the pan by means of a lateral pipe with waste 
steam from an engine and boiler near. By this, tlie 



pan is kept at a temperature of about 90°-100° F. This pan is said to produce 45-50 tons of 
extra fishery salt every 6 weeks or so. Figs, 1209-11 represent snch a pan, of which there are 
several at Northwich, in plan and in longitudinal and transverse sections, as well as the house 
containing it. 


In Cheshire and Worcestershire, the fire-places, usually 4 in number, measure about 4—5 ft. from 
the door to the back, and are about 3|-4 ft. wide ; from the bottom of the pan to the grate-bars is 
usually about 3 ft. In the case of very long pans, this height may increase to 3 ft. 4-5 in. The 
grates are formed of square wrought-iron bars, it 


being found inconvenient in salt-works to employ 
the improved cast-iron “ fishbellied ” bars. This 
is on account of the great liability to choking with 
clinkers, and caking of the ashes with the brine 
which drips from leaks over the fires fusing into 
clinker, and clogging the grate-bars. The blows 
necessary to detach these masses would seriously 
endanger cast-iron bars ; hut certainly the shape 
of the bars might well be improved, and rocking- 
bars, such as those employed in pyrites-kilns and 
elsewhere, might be more generally introduced 
with advantage. The firing is usually done in a 
stoke-hole with steps on each side leading up to 
the pathway around the pan. 

In France, often 2 fires only are put under 
each pan. The general construction of a French 
salt-works is rather more regular than in those 
of this country, and the pans are usually placed 
side by side in sheds, while a common flue 
connects with the outlet-flue of each pan, and 
snch arrangements are made that, when re- 
quired, any one pan can he cut oflf by a damper. 
This common fine is made to pass beneath 
one or more long deep pans fed with cold 
brine, and from these the brine is fed, already 
more or less warmed, into the evaporating-pans. 
English pans are always set on brick-work, 
and their bottoms stand about on a level with 
the ground, overlapping their sustaining walls 
by some inches, and reposing on longitudinal 
flues. These latter are usually 4, eorrespond- 
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1211. 


mg in number with the fires, and run straight nearly the whole length of the pan. sometimes 
entering a chamber at the far end, and passing thence to a low chimnev servin- one or two pans • 
but sometimes they converge simply into one common flue, running the whole length of a row of ’ 
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pans, and having an exit to the main chimney. At times the floes do not oJlfcnue the whole length 
of the pan, which is then supported here and there by pillars or bits of wall built in parallel lines. 
Sometimes no flues at all are employed, the pan being merely sustained by pillars of brickwork, 
sandstone, or cast-iron. The whole space then beneath the pan constitutes one large flat flue, 
through which the heated gases find their way unencumbered. This plan is common in Worcester- 
shire. 

On the Continent, other dispositions of flues are often adopted. At Nancy, and pretty well 
throughout France, the flues from each fire (often only two) run down to the end of the pan, 
returning towards the fire-end, and back again once more to the chimney or main flue, each flue 
thus forming 3 parallel lines. This plan has been tried in England, but is not now usually em- 
ployed, the simpler form of straight flues leading from each fire right away to the chimney or 
common flue seeming generally to be preferred. Here in England also they usually have two 
“ dead ” flues, as they call them, one on each side beneath the pan, these being spaces like flues, 
but completely walled up at each end, so that no gases can enter them, as shown in Fig. 1225, 
p. 1739. This represents the arrangement of flues now generally adopted. The flues are usually 
2-3 ft. deep, of a capacity in fact to admit a man or boy ; and between the entrance of the flues 
and the flre-plaee, is built a wall of fire-brick, reaching to within 18 in. of the bottom of the pan. 
Over this “ bridge,” as it is called, the heated gases pass before entering the flue, and as the bricks 
of the bridge become red-hot, they tend to induce a more perfect combustion of the smoke before 
it enters the flues, where it would become too rapidly cooled by contact with the bottom of the 
pan, and soot would fall. 

In Cheshire, and other places in England, the evaporating-pans are at times employed quite 
open and exposed to the sky, but nowadays they are mostly surrounded with sheds, these being 
furnished with ventilating openings in the roof, to facilitate the escape of steam. On the 
Continent, all except the fine and butter-salt pans are generally covered in vrith wooden trunks, 
flat on top with sides converging upwards, thus forming an elongated truncated cone about 5 ft. 
high over the pan. All along the lower parts of the sloping sides of this cover, and on both flanks of 
it, are frames fitted with shutters removable by hand. By removing one or other of these, the 
progress of the crystallization may be watched. A shelf is sometimes made, running along the 
whole length of this cover of the pan, just above the shutters; and when the pan is drawn, 
the workmen fish out the salt with rakes and scoops, and let it drain a bit on the drainers along- 
side of the pan, corresponding to what our salt-makers call “ hurdles,” and then pitch it overhead 
on to this shelf, on which it is allowed to drain pretty completely, the drippings falling back into 
the pan ; thence it is shovelled on to the flat top of the cover of the pan, which is set with tiles. 
On these tiles, which are kept hot by the steam within the trunk during the time the pan is at 
work, the salt becomes dried, and is then on a level with the bins (^magasitis) into which it is 
tipped from waggons for storage. From that end of the trunk furthest removed from the fires, 
rises a wooden chimney 10-15 ft. high, for carrying off the steam from each pan ; it passes through 
the roof of the building in which the work is carried on. Sometimes fan-blowers are placed in 
this and the main chimney, to expedite the exit of the steam. It is asserted by many of the 
French salt-makers that notwithstanding the greater cost of covering in the pans in this manner, 
the lessened facility of egress for the steam, the inconvenience, and the somewhat larger amount of 
labour involved in drawing the pans, they are compensated by a considerable economy in the 
combustible employed, through the diminished loss of heat by radiation ; certainly they obtain 
cleaner products than English salt-makers. At the Dombasle salt-works, one of the best-managed 
and best-organized in France, tlie writer has, on the contrary, noted that with 100 kilo, of the 
small, poor coal from Saarbriick they only produce 160-170 kilo, of common salt. This coal is, 
however, far inferior to the slack used in Cheshire and Worcestershire, and it is not employed for 
fine or butter-salt, being unable to maintain a pan in continued ebullition, so small is its heating 
power. It is used on account of its low price, and its yielding a gentle diffused heat suitable for 
the work. 

The stoves in which “ lumps ” of fine salt are dried in England are low rooms usually placed 
at the ends of the butter and fine salt-pans. Through these pass the flues conveying the still 
heated gases to the chimney. The gases from the boiling pans are employed by preference, as 
they emerge at a higher temperature than from the non-boiling pans, and the flues convej ing them 
become very strongly heated. Sometimes these flues are carried below the ground, sometimes above, 
the intervals between them being then termed “ ditches.” In either case, the flues are covered 
with cast-iron plates, and are made to wind about in the stove-room, so as to present a considerable 
radiating surface. The temperature of these rooms is usually 49°-65J° (120-150° F.), often even 
higher. The floor of the room and the iron plates covering the flues are bestrewn with common 
white or ground rock-salt, to an inch or two in depth, and this forms a warm, dry, and absorbent 
bed of material on which the lumps of salt rapidly become dried. Their dryness is recognizable by 
their peculiar ring on being struck, as compared with the duller sound they emit while at all moist. 
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Mannfacture of Boned Salts. — For fine, superfine, butter-, and cheese-salts, the pon employed 
is not more than 30-35 ft. long, sometimes as low as 25-26 ft., by 22-25 ft. wide. The salt 
is fished out of these pans twice each day, perhaps a little oftener for bntter-salt, and the 
pans have to be laid off and sealed every month, or even oftener. These boiled salts are all fine- 
grained, some rather finer than others. This fineness is obtained by keeping the brine not only 
boiling, but well agitated by raking. Superfine salt is but the same rather more carefully made, 
and subsequently ground. Butter- and cheese-salts, which hardly dififer from each other, are not 
stoved. The salt from the boiled-salt pans is drawn to the sides of the pan by iron rakes, when it 
is lifted out of the brine by means of perforated shovels, called “ scoops,” the ends of which are 
turned up for this purpose, as shown at C, Fig. 1204. Two forms of drainers are used in Cheshire, 
one conical, called a round tub or basket, the other, already mentioned, called a square tub. The 
former vary rather in capacity, but usually they are about 3 ft. from the brim to the end of the 
foot. Square tnbs are 18 in. long by 7 in. sq. at one end and 9 in. sq. at tlie other end, consequently 
they form truncated quadrilateral cones. Their bottoms are removable. For the purpose of filling, 
the round tubs are ranged, standing on their pointed ends in the brine, around the inner 
sides of the pan, and as the salt is fished up, they are filled with it one after the other. The 
square tubs are filled in the same manner, only where these are used, the pan is surrounded with 
a sort of gallery or platform of bar-iron, on the inside, just barely below the surface of the brine, 
on which the tubs are placed to be filled. They are then carried to the stove-room, where they 
are inverted, and the shapes of salt are turned out and left to dry. When the lumps made in the 
square tubs are dry, about 80-84 of them go to the ton. 

When a pan of any of the boiled salts is to be started, the brine is run in, and some gelatine, 
glue, or sometimes blood, is added, while the fires are urged till the brine boils. A scum rises to 
the surface as the heating proceeds; this is removed, and the brine, from having appeared at 
the first heating rather opalescent, becomes clearer, while the bottom of the pan gets whitened with 
an incrustation, particularly at first just over the fires. At the same time, if the brine is strong 
and good, there tends to form all over its surface a crystalline pellicle or crust. If fine salt is being 
made, this is broken down by striking the water with a flat piece of wood from time to time ; but 
when the boiling commences, this pellicle breaks up as fast as it forms, and the floating bits of salt 
drift from the fire end of the pan towards the other, where they sink and accumulate. This opera- 
tion goes on continuously, and the salt by this means falls down during the whole boiling in largest 
quantity at the end of the pan farthest from the fires, and when enough salt has acci^ulated to 
make it worth while, the pan is drawn. This is under ordinary circumstances about twice a day ; 
for butter-salt, perhaps a little less often. A pan of 33 ft. by 24 ft., which may be recommended as 
a convenient size for boiling, ought to yield 5-6 tons of salt per 24 hours, making 30-35 tons 
a week. But including stoppages for scaling and repairs, and taking into account the diminished 
yield when the pan gets very thickly encrusted, the real yield can hardly be reckoned at over 
25 tons a week. The process is continuous, brine being run in as fast as the evaporation proceeds, 
the pan being thus always maintained about three-quarters full. The scale which forms on these 
pans is usually very thick, and contains a very large proportion of mechanically combined salt 
This kind of scale is called “salt-scale,” in contradistinction to that which forms on the unboiled 
pan, called “pan-scale” or “sand-scale,” and which differs essentially from it in composition 
Analyses of samples taken from the works of Thos. Ward and Messrs. Gibson will be f^nd in 
Table V., p. 1733. Several inches of this scale will sometimes form in the course of a week in 
these boiled-salt pans, and, as may well be supposed, most seriously diminishes the evaporative duty 
of the coal. The flue and butter-salt pans are usually scaled once a week and require very 
frequent retiring. For this purpose the fires are extinguished, and the pans emptied of their 
brine, which is usually run to waste, when workmen enter, break up and chip off the scale with picks 
and shovel it away. Attempts have been made to do this scaling without emptying the pam and 
at the Stoke works near Droitwich this work is jmrformed every two days by a man wading about 
with his feet m two wooden buckets. This is a decided advance on the method usuaUy employed. 
The boiled-salt pans are liable to a sort of efflorescence of salt over their edses which is cut 
off from time to time, and which, if not removed, would often siphon the briL to a consider- 
able extent out of the pan by capillarity. These cuttings are sold for use in agriculture under the 
name of “claggings, and the salt-scale is at times ground and sold for the same purpose The 
latter has also been employed in making coarse glass, and some is at present sold L fluxing 
purposes in metallurgical operations. It will be necessary to return to these boiled salts when 
considering machine and composite pans, and the Otto Pohl process 

Manufacture of UntoBed Salts.-The varioim qualities, which only differ from one another in 
the size of the gram and their more or less perfect crystallization, depend for their production on the 
slow evaporation of the bnne at temperatures far removed from boiling. Thev inelude the 
“ common ” salt, the different qualities of “ fishery-salt,” and that known as “ bay-salt ” Whereas 
the length of the pans in which the boUed salts are made is limited to 35 ft. at the outside it bein<' 
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impossible to keep longer pans in a constant state of ebullition without such fierce firing as would 
destroy them ; on the otlier hand, in the manufacture of the coarser-grained unboiled salts, the 
length of the pans is iocreased till all chance of boiling is avoided, while a greater economy of fuel 
is attained. When a pan of cold brine begins to be fired, that part of the brine immediately over 
the fires naturally first takes the heat, and, growing lighter by expansion, rises to the surface, the 
colder brine from the further part of the pan running in from below to take its place ; the warm 
brine, then gradually diffusing itself on the surface, goes to the far end of the pan, where, cooling 
by evaporation or by contact with the other cold brine, it sinks, returning to the hot end of 
the pan to become once more heated. Thus is established a circulatory movement in the brine, 
a supernatant current of warm liquid flowing from the fire-end, and a cooler current always 
flowing back below; this continues so long as the brine is kept only gently heated and is not 
actually boiled. As soon as any excess of water the brine may have contained has become 
dissipated, the salt begins to form, producing the “ hopper-crystals ” already mentioned ; while a 
crystalline crust collects on the surface, and drifts towards the further end of the pan, there sinking 
to the bottom. To avoid too much salt thus drifting to the far end of the pan and filling that part 
too rapidly, thin narrow laths of wood are stretched across the surface of the brine, which stop 
these floating crystals and cause them to fall down. When a pan is first set down, it is customary 
to add 2-12 lb. of alum for a pan three-quarters full of brine. Alum is particularly used in this 
way in making fishery-salt. The brine is first made to boil, or very nearly so ; the fires are then 
damped down a little, and the temperature is thus mainlined and the evaporation allowed to 
proceed at a lower point, according to the quality of salt required. About 180° F. (221° F. being 
the temperature at which saturated brine boils) is the temperature for common salt. On the first 
heating, a scum rises to the surface, as in the case of the boiled salts. This scum is mostly due to 
the alum, which is decomposed, and the alumina comes to the surface, carrying with it any 
suspended insoluble matters, and perhaps taking up organic impurities the brine may contain. 
As previously stated, most brines (those of Cheshire form no exception) are saturated solutions 
of calcium sulphate, as well as of sodium chloride ; and calcium sulphate is one of the few salts 
known to be less soluble in hot than in cold water. The consequence is that the brine, besides 
containing some trifling particles of suspended matter, becomes more or less clouded by a deposit 
of calcium sulphate, possibly also by a little calcium carbonate when first strongly heated. This 
either falls down as incrustation, or rises to the surface in the scum, and thus the liquor, which had 
become a trifle turbid, again clears. Alum is also occasionally, but not so often, used in this way 
for butter-salt, and at times, in the case of boiled salts, a small lump of butter or grease is added ; 
this has a tendeucy to break up and throw down the crystals. These are among the supposed 
secrets of the salt-makers, and tbe substances thus added are termed by them “ poisons.” The scale 
from unboiled pans differs considerably in composition from that formed in the boiled pans, as 
shown by the annexed table 


Table V. Analyses of Pan-Scales. 


Locality. 

Turrenburg. 

Anderton, 

near 

Northwich. 

! Dax, South of 
j France. 

1 1 

! Verdin’s Works ' 
i at Winsford- i 

1 


Authority. 


From Unboiled Pans. 


1 Boiled Pans. 

Heine, 

Tookey. 

Maxwell-Lyte. 

llaxwell-Lyte. 

Tookey. 

Maxwell- 

Lyte. 

Composition. 







Sodium chloride 

10-77 

0-14 

0-19 

0-07 

90-62 

87-02 

Sodium sulphate 

9-05 


4-30 




Potassium „ 

1-02 

,, 

traces 




Magnesium 

0-43 






Calcium „ 

71-94 

83-00 

82-26 

87-00 

8-02 


Magnesium carbonate 

0-21 


0-30 

0-10 


0-05 

Calcium „ 

0-09' 

1-07 

2-79 

0-27 

0 25 

0-30 

Ferric oxide and alumina 

0-13 

traces 

1-53 

0-52 


0-30 

Silica 

0-15 


0-28 

0-37 



Water 

6-19 

15-65 

5-21 

11-67 

0-90 

1-97 

Totals .. 

99-98 

99-96 

99-86 

100-01 

99-79 

99-50 


To fill a pan with salt, the brine being allowed to flow in a small gentle stream in quantity 
sufficient to replace that lost by evaporation, takes, in the case of common salt, working at a tem- 
perature of 71°-82° (160°-180° F.), 48 hours ; common or Scotch fishery salt, working at 54°-71° 
(130°-160° F.), 4-5 days ; extra fishery, working at 38°-43° (100°-110° F.) and in long pans, 7-8 
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days; double-extra fishery, working at about 32° (90° F.), 10-14 days; large-grained bay-salt, 
working at 24°-27° (75°-80° F.), 3-4 weeks. The “ wych-house,” as the wooden shed is called in 
which the evaporation is carried on, is 15-18 ft. wider than the pan itself ; on each side of it, abut- 
ting against its walls, are low shelves of boards, placed near the ground, sloping gently inwards, 
and running the entire length of the pan, though separated from it by a pathway in which the 
workmen can circulate. On to this shelf the salt is thrown to drain, one workman drawing it to 
the side of the pan with a take, while another fishes it out with a scoop or skimmer. The men who 
work at the drawing of the pans are called in Cheshire “ wallers,” and the boards on to which it is 
thrown are called “ hurdles.” These latter (Figs. 1208-9) are 5-6 ft. wide. The salt is taken from 
them in wheelbarrows or trucks to the store by men termed “ lofters.” In England, it is generally 
managed, if possible, to place the wych- houses on a higher level than the store, so that the salt when 
wheeled there may be tipped &om above into the bins reserved for each kind ; but in France, the 
construction of a salt-works to meet the requirements of the excise will rarely permit of this, so the 
pans and the bins into which the salt is tipped are pnt on about the same level, the salt being 
lifted from the hurdles to the tops of the covers (hottes) of the pans, on which it is dried before 
storage, instead of being merely drained on the hurdles as in England. This mode of treatment 
, depends on the heavy tax (125 fr. or 51. a ton) levied on all salt for domestic purposes in France, 
chemical and agricultural salts being alone exempted. Two excisemen are attached to and obliged 
to live in every French salt-works, while the works are compulsorily surrounded completely by a 
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purchaser feels that even if he has to pay a heavy tax, he gets good weight for his money, while the 
salt-maker pays his tax on the lowest weight possible. The tax in France has likewise tended 
generally to make the manufacturers (saw?nte;‘s) careful to pwxiuce the finest and purest article prac- 
ticable. They have likewise protected themselves by syndicates in the respective districts, so as 
to ensure against over-production, and they have thus succeeded in maintaining prices at remu- 
nerative rates. Further, as the tax is often only made payable 4-5 months after the salt has left 
the works, though sales are effected at short dates of payment, large sums constantly lie in the 
hands of the manufacturers, and more than suffice to form their floating capital. 

The quantities of coal used in the manufacture of salt vary according to the kinds of salt, and also 
somewhat in the different works. The boiled salts take the most coal, as the gases leave the pans at 
high temperatures. Common salt is about the most economical of fuel, the different fishery-salts 
and bay-salt occupying positions intermediate in this respect between the two. Fine salt takes about 
13 cwt. per^ton of salt ; part of this heating power goes to maintain the temperature of the stoving- 
room. Common salt should take but 9 cwt. of coal per ton of salt. The fuel used in the Cheshire 
salt-works is the small coal called “ slack ” from Lancashire and Staffordshire ; and “ burgey,” i. e. 
small and large mixed just as they come from the mine, mixed with the slack or by itself, is often 
used for boiled salts. Small coal is preferable for producing the mild heat required in salt-making, 
and has the further advantage of cheapness. 

The annexed tables, giving the analyses of some British and foreign white salts, will be of 
interest : — 

Table VI. Analyses op Commeecial White Salts. 


Authorities. 

Henry. 

Ure. 

Watts. 

Richard- 
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Watts. 
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Lyte. 
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Sodium chloride . . 

98*60 

98*250 

95*402 

97*094 

96*29 

98*900 

97*550 

98*500 

95*82 

95*272 

93*79 

90*75 

Potassium „ . . 





Trace 

. , 





0*89 

1*00 

Calcium M . . 


0*025 


0*345 

Trace 



0*010 

Trace 


0*26 

0*99 

M^uesium „ .. 

1-10 

0*075 

0*800 

, . 

0*27 

.. 


0*037 


0*014 

0*14 

0-60 

Sodium sulphate.. 





Trace 

0*005 







Potassium „ . . 

.. 

.. 

0*414 

0*390 







1**44 

0*59 

Calcium „ . . 

1-20 

1*550 

0*732 

0*727 

1*39 

0**493 

0*934 

0*452 


1*900 

Magnesium „ . . 

Ferric oxide and ) 



0*471 

0*180 

0*25 


0*009 

0*090 

'* 

0-160 

• * 


alumina . . } 











Insoluble matter . . 

0-10 

, , 



0-03 



, . 

, . 

0*041 



Calcium carbonate 






0*005 

0-016 

. . 




6*48 

Water 


•• 

2*901 

1*264 

2-20 

0-602 

1*488 

1*890 

4**18 

2*605 

3-88 

Total . . 

lOl’OO 

99*890 

99*920 

100-001 

99-23 

100*010 

99-997 

99*889 

100*00 

99-992 




IHeiae. 


96' 53 


0*'96 

0'*64 




Table VII. Analyses op American^ and English Salts — (Porter and Goessman). 
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Fine Boiled Salts. 

Coarse Salts 

Dairy Salt. 




■s ^ 

< 

s 

s 

Constituents. 

Sodium chloride 

97*12 

93*26 

95-7? 

97*31 

96*76 

97*760 

97*672 

97-59 

97-660 

98*0229 

97*7598 

97-4728 

98*4065 

Calcium „ 

0*15 

1*43 

0*61 

0*05 




0-01 






Magnesium „ 

0*13 

0*70 

0*04 

0-05 

0*14 



0-03 

0-059 

0-0124 

0*0591 

0-6353 

0*1135 

Sodium sulphate . . 





0*64 

0*025 

0-008 






Calcium „ 

1*33 



1*05 

1*56 

1-295 

1*235 

1-67 

1-’381 

1*3798 

1-2272 

1*4413 

0 8888 

Magne-'ium „ 
Insoluble matter . . 






0*066 

0*082 



0-0817 

0-0769 

0*0490 

0-0281 


0*01 

0*11 


.. 

0*130 

0-121 



0*0616 

0-0564 

0-0500 

Water 

1*27 

4*60 

3-47 

1*54 

0*90 

0*724 

0*879 

0*70 

0*900 

0*5620 

0-7880 

0-9520 

0-4940 

Total . . . . 




■I 

100*1204 

99-9671 100-0757 99-9809 

1 1 


With regard to Tables VI. and VII., it is to be noted that samples taken fresh from the bins generally contain more 
water than shown in the analyses, unless the salt has been dried before storage. The water usually amounts to :i-4 per 
cent, for butter-salt, 5-6 for common salt, and 7-S for fishery-salts, while some extra fishery -salts contain even more. 
This water, however, being for the most part merely mechanically iwld between the crystals, drains away during transit 
or long storage. 


Artem. 
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The innovations introdnced of late years in the salt mannfaetnre require to be shortly alluded 
to. Both in England and abroad, attempts have been made to reduce the loss of heat, chiefly due 
to the scale in the pans and the soot of the flues, by heating by steam. "Whatever economy there 
may be in this method, it has not made much progress among English salt-makers, thongh the 
system is a common one for other purposes in the salt distiicts. The steam-pipes get covered with 
scale, which is difficult to detach without injury to tliem, and they are rather in the way of drawing 
the pans. 

So-called “machine-pans ” are employed at the works of "Verdin, Falk, and the British Salt Co., 
and probably elsewhere. These are round pans. Figs. 1212-4. They are usually worked in 
pairs, "standing 20-30 ft. apart, with a small engine / between, or a shafting d running above 
several of them driven by an engine at one end ; this shafting is geared by bevel-wheels e to 
the stirrers a, and is so arranged that any one or more of the pans can be thrown into or out of gear 
at will. The depth of the pans is 2 ft., and an opening is left in one side of each down to the 
bottom, this opening being closed with outside troughs b riveted to the sides of the pans. The bottoms 
of these troughs go lower than the bottoms of the pans, so that any salt swept out of the openings 
falls into the troughs, and cannot return into the pans. Tlie pans are fitted with conical covers of 
sheet-iron, through the centre of which pass iron spindles, geared above to the pinions of the shaft- 
ing by bevel-wheels, and resting on the bottoms of the pans, in which they are flee to turn. These 
spindles are attached at their lower parts to the arms or stirrers a carrying scrapers swinging loosely 
beneath them, and resting on the bottoms of the pans. The covers are fitted steam-tight upon the 
tops of the pans, and each is provided with one or more manholes I, by which workmen can enter to 
clean the pans. Those parts of each cover corresponding to the parts left open in the sides of the 
pans are brought down so as to partially close the openings and come just low enough to dip into 
the brine about 2 in., when the pans are about j filled, while the spindles passing through the 
covers turn in stuffing-boxes. Thus, when the pans are closed, they are steam-tight, and there is 
no exit for the steam unless by forcing the water out of the pans into the troughs b, or passing off 
by the flues h. Each pan is fired by 3 fires, and boiled as for fine salt, while the spindle carrying 
the arms and scrapers is made to rotate. The incrustation of the pans is thus for the most part 
avoided, while very fine salt is produced, and is swept by centrifugal motion into the troughs, 
whence it is continuously ladled with a scoop, drained on “ hurdles ” c, and sent to the stove or the 
butter-salt bins, as the case may require. The steam-pipes discharge beneath the two fishery-salt 
pans, occupying the central position in the figures, while the gases from the fires under the pans, 
and perhaps from the fire of the engine, are made to pass to the flues beneath the outer pans. Both 
the pans which are heated by the steam stand on short brick or iron columns without flues ; the 
pans taking the waste gases are set upon winding flues such as already described as being in 
frequent use in France. 

At the works of the British Salt Co., at Anderton, a 3-4-H.P. engine stirs three pans, and it is 
stated that, with a consumption of 40 tons of coal, a pair of these pane, with their concomitant 
fishery-salt pans, will turn out 60 tons of fine salt and 24 tons of fishery-salt per week. The fine 
salt produced in these machine-pans is very fine and fairly white, but usually contains just a trace 
of iron, which communicates to it the faiutest possible shade of yellow. 

Sometimes an ordinary boiling-pan is mounted with a fishery-salt pan behind it, so that the 
flues from the former passing beneath the latter, this pan also becomes heated by the waste gases. 
The Cheshire Amal^mated Salt Co., one of the largest and most important of the district, have 
in their works at Winsford some rather interesting and peculiar composite pans, known as “ clay ” 
or “tank” pans, al^ working on this principle. Fig. 1215 represents a ground plan of this 
arrangement, and Figs. 1216, 1217, 1218, are transverse sections on the lines D E, F G, B C, 
respectively. The boiling-pan a is placed with its upper edge on a level with the ground or 
barely above it. It is of the usual depth of 1 ft. 9 in., and of the form shown. The fishery- 
salt pan b utilizes the waste heat of the furnace-gases, after they leave the fines beneath a. There 
are 3 fire-places/, and 3 flues e, beneath o, together with 2 dead flues. Alongside of and' parallel 
with the pans a 6, is a pit or trench c, about 4 ft. deep, 10-12 ft. wide, and 38-40 ft. long. It 
is puddled with clay and lined with bricks throughout the sides and bottom The upper edges 
of this trench are about 4-5 in. below the level of the upper edge of the pan a. A parting wall 
of brickwork also divides this trench c longitudinally into 2 compartments of equal width. 
This wall, however, only goes to within about 10 ft. of the end of the trench furthest from the 
fires, and to within 2 ft. of that end which is in a line with them. The side of the pan o 
turned towards the treneh is cut out at the end furthest from the fires, and a shallow channel of 
sheet-iron, just as deep as the pan, connects it with the double trench, while the space k contained 
between o and the trench is filled up with a bed of masonry, the surface of which slopes genUy 
from the upper edge of a towards c, so that the waste brine from any salt drawn on to it may 
drain into c. i is connected with d, as shown in Figs. 1215 and 1217, by a short wall and a 
pump is placed at h, while another sheet-iron channel, only 2 ft. wide, but of the same depth 
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as a, leads between the pump and the pan a. There is a small pit g, made of masonry, at the 
end of this channel ; and at the end of the parting wall, at d, is a flat space jnst large enough 
for a man to stand upon to look after the pomp when requisite. With this arrangement, if 


brine be poured in by the brine- 
pipe i, c will be filled, and if 
the influx of the brine be con- 
tinued, a and 5 may be filled till 
c is nearly overflowing, and a 
becomes full to within 4-5 in. 
of its upper edge. If then the 
pump h be worked so as to lift the 
brine from c and cause it to fall 
into g, it will flow back into a, 
and, circulating through a, will 
pass again iuto c ; thus a steady 
circulation of the brine may be 
maintained in the directions 
shown by the arrows on the 
ground plan, so long as the 
pump is kept going. If then the 
fires /, Fig. 1218, be lit, the 
brine will be heated in a, and, 
circulating in the manner de- 
scribed, expose a large evapo- 
rating surface. The heat is so 
managed in these pans as to 
produce butter-salt in a and 
common salt in c; while at g, 
where the pump produces con- 
stant agitation, very fine salt is 
formed. Around the clay pan, 
the butter-salt pan, and the fish- 
ery-salt pan, are the usual paths 
for the circulation of the work- 
men, and the places for the so- 
called “ hurdles ” m upon which 
the salt is thrown to drain. The 
stoke-hole is below the level of 
the ground. The fishery-salt 
pan 6 may be mounted on 
columns of brickwork or cast- 
iron without separate flues, and 
a chimney at the end of this 


1215. 



pan carries off the furnace-gases. 


These pans seem to produce 
very fine qualities of salt, par- 
ticularly the common salt from 
the pit c. The yield is about the 
same (as regards weight of salt 
to weight of coal consumed) as 
with the ordinary pans, but the 



repairs are somewhat less, and certainly the qualities of salt produced are very fine. The chief 
drawback to them is a rather greater tendency of the pan a to become coated with scale, than in 
the case of the ordinary butter-salt pans. 


The last innovation in the salt manufacture here to be described is that of Otto Pohl, salt manu- 
facturer and merchant, of Liverpool. This invention has, perhaps, not met with all the attention 
it deserves on the part of the salt manufacturers. The arrangement consists of two superimposed 
pans, at one end of which the fires are placed ; the heated gases, passing between them to the 
chimney at the other end, heat the upper pan from below in the ordinary way, while they sweep 
the surface of the brine in the lower pan, which thus constitutes the bed of this portion of the 
flue. Figs. 1219, 1220, 1221, 1222, 1223, and 1224 show this arrangement in ground plan, longi- 
tudinal and transverse sections, and in side and end elevations. Milner, of Marston, near 
North wich, has a pan mounted on this same principle, which Pohl states to be an adaptation of 
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the principle of the salting-down pans of the alkali-makers. His arrangement, however, differs 
from that of Pohl in that the upper pan is dispensed with, being replaced by an arch of brickwork. 
According to Pohl’s system of construction, the lower pan is 5 ft. deep. It may be made of boiler- 


plate or of cast-iron, or, for that matter, the 
bottom and lower parts of its sides might very 
well be made of elm or pitch-pine, with cast- 
iron ends and framing. Pohl tried brickwork 
for the construction of this lower pan, but 
abandoned it on account of leakage. In the 
pan figured, however, he has formed the bottom 
of tiles embedded in clay. Pillars of cast-iron 
rising from the bottom i of this lower pan 
support the upper pan, which is of the ordi- 
nary make, and demands no special descrip- 
tion. The interval between the two need not, 
according to Pohl, be more than 3 in. In 
practice, however, 5-6 in. is not too much from 
the bottom of the upper pan to the surface of 
the brine in the lower one when completely 
filled. The length of these pans is about 60 ft.; 
breadth of the upper one, about 20 ft., and of 
the lower one, 22 ft., the space between the 
two being filled all around with brickwork. 
Milner has made the lower pan in his arrange- 
ment much wider than this, or rather it may 
be said a lip or opening running aU along 
each side of the lower pan permits of the 
salt as it collects being drawn to the sides by 
rakes, and lifted out by perforated scoops as 
it accumulates. According to Pohl’s arrange- 
ment, this might easily be managed by con- 
tinuing the sides of his upper pan downwards 
for say 8-9 in., the pan being placed at such 
a height above the lower pan that these sides 
may dip 2-3 in. below the surface of the brine 
in the lower pan, and thus constitute a flue/ 
4-5 in. deep, through which the furnace g-ases 
might pass. The lower pan might then be 
made say 3 ft. wider than the upper one, so as 
to leave a trough on each side about 18 in. 
wide, through which the salt might be drawn. 
As it is, when the pan has to be drawn, which, 
of course, must be done as soon as it becomes fi 
off, and the salt drawn by the door or manhole. 
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ill of salt, the fires have to be let out, the brine run 
k. Fig. 1223. 


The fuma^s in Otto Pohl’s arm°gement are four in number; they are made about 4 ft. wide 
internally, and 4J ft. or even up to 6i ft. between the top of the arch and the grate bars • a distance 
of 3 ft. or so is also left at the back between the end of the grate and the lowefjan, the angfe being 
filled up with a curve of masonry as shown at Fig. 1219. This form of construction is intended 
toaUow space for more perfect combustion, before the heated gases enter between the pans where 
they tend to become rapidly cooled, with proportionate liability to deposit soot Fie 1224 shows 
the front elevation and the arrangement of the sliding doors h Pohl at firci f ■ 

brickwork, so as to avoid as far as may be loss ot heat by conduction in this quarter He also oro- 
posed to make a of short circuitous flue, through which the products of combustion mighibe 

'"u u /rr if three, arches over the fires, 

constructed so as to reach alternately to the back and to the front of the fire-nlace like the sl.owJ 

of pyrites-d^t kita (see p. 84). These arches booming strongly heated would ’aid in promoting 
the combustion of the smoke, whUe they served to catch the dust and ashes carried over from 
the fires. This plan, however, he appears to have abandoned. A further provision was made for 
getting rid of soot by keeping the lower pan always filled to the brim, making the end of it 
furthest removed from the fires a trifle lower than the fire end and sides, and keening it fi.ll to 
the brim at that end. Much of the soot felling on the surface of the brine in ifght flocks 
would float thereon, and be carried off over the end of the pan by the draught towards the chimney! ' 
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Between that end of the pan and the entrance to the chimney, is a soot-box or closet h, with a 
door for cleaning it ont. Notwithstanding all these precantions, large quantities of soot are 
liable to become condensed, either upon the bottom of the upper pan, or between the two pans, 
and, falling on the surface of the brine, get carried down and mixed with the salt, rendering it 
black and totally unfit for food. This quality of salt, however, has been found specially suitable 
for the Hargreaves’ salt-cake manufacture (see p. 287), so that the small quantities now pro- 
duced find a ready enough sale, as the soot does not signify. The method shows an important 
economy of coal, and, according to Pohl, gives 3 tons of butter-salt with the same amount of fuel 
and labour as is requisite for producing 2 tons by the old methods. The use of gsis from a Siemens’ 
producer would obviate the soot completely, while it is probably preferable (according to Milner’s 
plan) to do away altogether with the upper pan, employing merely a brick or tile covering as a 
reverberatory and radiating surface to throw the heat down into the lower pan, and so get rid of 
leakages, salt cats, and much cobbling and repairs involved in working by bottom heat. According 
to some experiments by Pohl, while the temperature of the upper pan remained suitable for making 
common salt, or ordinary fishery-salt, that of the surface of the brine in the lower pan was 
maintained at full boiling, and the produce, so fiir as grain was concerned, was very fine butter-salt, 
while no scale worth mentioning forms in the lower pan. He gives as a result of 16 days’ boiling 
with brine containing 25 '27 per cent, salt, for 57 tons of slack (from Little Honlton Colliery, 
Lancashire) burnt, — 82 tons of fine butter-salt, and 49 of common salt ; while on the old system, 
the 82 tons butter-salt woidd have taken 54 tons 13 cwt., and the 49 tons of common salt, 26J tons, 
or a total of 81 tons 3 cwt., showing an economy of 24 tons 3 cwt. Instead of the gases escaping 
into the chimney at a temperature of 315° (600° F.), as daring the manufacture of salt with the 
ordinary common salt pans, or at a temperature of 425°-538° (800°-1000° F.), as when making 
butter-salt, they never rose, even with the strongest firing, above 142° (288° F.). 

Pohl states that in a subsequent trial, after lifting the top pan at the end nearest the fires to a 
height of 6 in., and lowering the other end to within 3 in. of the surface of the brine in the bottom 
pan, he obtained, as an average result of a series of boilings, 3 tons of salt for 1 ton of slack, the gases 
passing off at a still lower temperature ; while in the top pan, 93°-98° (200°-208° F.) was the 
temperature attained in front, 82° (180° F.) in the middle, and 71° (160° F.) at the far end. 

Fig. 1225 wiU serve to convey an idea of the usual arrangement of a salt-works, and will easily 
be understood from the foregoing descriptions. One of the fishery-salt pans o shows the disposi- 
tion of the flues beneath, the outer 
flue on each side being called 
the “ dead ” flues. The spaces r 
throughout the building are path- 
ways for the service of the pans 
and the ‘‘ hurdles ’ on to which 
the salt is drawn. The fine salt- 
pans d have stoves e behind them, 
through which the flues circulate, 
and abut upon the chimneys s. 

Two of the fine-salt pans are shown 
with the dead fiues on each side. 

At each end of the shed, and on 
each side of these fine-salt pans, 
are recesses in which the square 
and conical tubs used for moulding 
and draining the fine salt are kept 
ready to hand. The butter-salt 
pans 6 and fishery-salt pans c are 
heated respectively by the waste 
steam and waste heat of the fire 
gases from boiler and engine no\ k are the stoking pits of all the pans ; / is the coal-store ; A, the 
workshops for repairs ; g, the salt-store ; i, a railroad for the service of the works ; m the ofBces. 

The profits on salt manufacture in England are extremely small, owing to seyere competition. 
In France, the saltmakers of each great region of production have constituted syndicates, by which 
the prices of salt and the scale of manufacture of each works are regulated, while they are protected 
from external competition by the peculiar conditions of the heavy excise duty, and the difiBcult 
formalities of the customs respecting imports of foreign salt. According to evidence given before 
the late Parliamentary commission, already referred to, the cost price of manufacturing common 
salt in the Winsford and Northwich district is about as follows : — Brine, Gd. a ton ; labour, lOd.- 
Is. : coal (slack), 3s. ; rent, interest on capital, &c., Is. ; total, 5s. 4(i.-5s. 6d. a ton. These prices 
are subject to important variations. The cost of brine is always rated at so much per ton on the 
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Balt produced, and it varies for different works: at Northwich, for instance, 4-9d. per ton of salt is 
charged for brine ; but 6d. may very well be adopted as a fair average price. The cost of coal 
likewise varies continually. The “burgey” used in making the boiled salts was, in the beginning 
of 1870, at 6s. 5d. a ton, rising to 9s. in 1872, and to 16s. and even 20s. in 1873. High prices con- 
tinued till 1875, when they again began to recede, and, in 1878, ranged from 7s. to 8s., falling in 
1879 to 7s. 2d.-7s. id., and in 1880 to 7s.-7s. 2d. The cost of the slack used in making common 
salt may be rated at about Is.-ls. 6fi. a ton below the prices of burgey. It is commonly admitted 
in Cheshire that an advance of Od. a ton on slack means about 3d. a ton on common salt ; and 6d. a 


ton on burgey, 4Jd. a ton on boiled salts. The cost of carriage from the works to the canal on the 
banks of tbe Weaver also varies at the different works from nothing to Id. and up to 4d. a ton. 

It is thus difficult to fix any exact figure for the cost price of manufacture of salt in Cheshire, but 
the above may be taken as a near approximation in moat cases. The carriage of the salt to Liver- 


pool is performed in barges or “ flats ” on the Weaver ; the selling price in the Liverpool market is 
9s., of which the works price is considered to be 5s. 6d., and the official price of carriage 3s. 6d. To 
Euncorn, the carriage is 2s. 6d. The salt manufacturers may all be said to do their own lighterage, 
so that, as a matter of fact, any profits realized may be considered to be the Is.-ls. 6d. gained on 
this score. The selling (i. e. the works) prices of salt in Liverpool (salt is rated there at present at 
the works prices), have been as follows : — The minimum price in 1871 was 6s. a ton ; in 1872, prices 
varied &om 78., 7s. 6d., 10s 6f., to 17s., and up to 20s.; in 1873, they were 14s., 15s., and down to 
12s. ; in 1874, they fell from 12s. to 8s. ; in 1875, they kept nearly steady at about 9s., falling 
however suddenly daring one month of that year; in 1876, prices fluctuated from 8s. down to 5s. ; 
in 1877, they even fell to 4s., rising again to 7s. ; in 1878, they were at Is., and fell to 5s. 6d. ; iu 
1879, they again went as low as 4s. 6d., running on into 1880 through 4s. Gd., 4s. 9d., to 6s. 6d., and 
back to 6s. In the spring of the present year (1881), the works price was rated at Liverpool at 
5s. 6d. for common salt. The salt manufacturers have repeatedly attempted to syndicate them- 
selves after the manner of their Continental brethren, but as often their associations have been 
dissolved by disagreements springing up amongst them, at once entailing ruinous competition, and 
precluding all possible profits. The “ Pool scheme,’* at one time in vogue in Liverpool, seemed to 
work satisfactorUy for a short period. Under this plan, the works price was rated to the syndicate 
at 5s. 3c?., but the selling price was fixed and maintained at 8s. 3'.?., 3s. being paid into a pool for 
the general pro rata profits of all. The plan, however, soon broke down through dissensions, and 
prices fell to ruinous rates. At the present moment, no saltmakers’ association exists in England. 

H. E. Falk furnishes the following list of salt exports from the Mersey 


The Uuited States of America 
British North America . . 
West Indies aud South America 

Africa 

East Indies 

Australasia * . . . . . 4 . . 

Germany 

Bnssia 

Other Baltic and Noith Sea ) 

Ports 5 

France and Mediterranean . . 

Coastwise 

Holland 

Belgium 

• 

Export from Liverpool , . , . 

Export from Runcorn and > 
Weston Dock ,, ) 

Total from the Mersey . . 


1?71. 


1872. 


1873. 


1874. 1875. 


18t6. I 18J?. 1 


Tons, Tons. | 
182,939 153,206 
94,382 67, 6341 
9,130 6,704 

22,685| 19,438 
271,119 233,109 
J,792 


9,192 

38,495 

40,591 

19,597 

1,898 

91,720 

18,339 

42,205 


34,310 

50,762 

17,843 

1,130 

71,608 

19,384 

31,870 


Tons. 

222,612 

59,869 

5,616 

21,784 

199,460 

17,208 

35,716 

70,496 

16,490 

1,706 

54,614 

19,653 

36,771 


842,292 716,790 761,995 
213,435166,583 148,956 


1,055,727 


883,373 910,951' 


I 


Tons. 

176,885| 

56,024! 

6,343i 

26,747 

|256,055 

12,309 

28,394 

61,802 

21,609 

2,243 

51,533 

27,400 

33,233; 


Tons. I Tons. 
212,532 215,100 
54,807 58,103 
4,442 5,815 

25,507! 23,132 
311,107 232,169 
24,918i 13,908 
32,474 43,618 

49,200' 73,893' 


I Tons. ' 
223,346 
i 65,918 
6,522 
24.580 
215.867 
20,564 
28,804 
49,991, 


T«)ns, 

216,2581 

7l,624| 

5,860 

24,513| 

212,900; 

15,600, 

23,479 

43,232| 


1879. 


20,315! 19,909| 21,081 24,219 

889 1,055' l,6ao' 1,053 

72,268 66,555 47,530 44,604 
23,652 22,102 20,107' 19,204 
39,265j 33,654 34,929 33,29o' 


760,577 

177,958 


Tons. 

256,920 

78,171 

9,404 

20,610 

286,848 

13,517 

22,8441 

42,452| 

22,271 

809 

33,045 

18,922 

41,454 


871, 376^809, 013| 76,019 735, 836| 
161,111^ 173,614^182,633 233, 668j 


847,267, 

239,583] 


|938, 535' 1,032,487 982 , 627 943 , 557 969 , 504i 1 


1880. 


Tons. 

261,687 

109,836 

14,064 

35,475 

309,793 

24,474 

37,859 

41,177 

21,485 

2,381 

39,087 

18,910 

40,493 

956,721 

244,785 


086,850 1,201,496 


The Director-General of the French Customs has kindly furnished the following table of 

faTitilicta f\f aolf U’-m rlrt-rinrr 'lnr.4- ® 


Years. 

Sea Salt. 

Saltworks of tbe 
N.-E. and a-W. 
White Salt (i). 

1 Mediterranean. 

Atlantic Coast. 

1874 

255,303 

253,800 

229,459 

1875 

195,965 

177,666 

230,063 

1876 

168,384 

157,059 

252,050 

1877 

293.047 

(2) 44,526 

252,833 

1878 

283,727 

(2) 29,020 

258.237 

1879 

240,577 

(2) 3,039 

213,471 

1880 

286,685 

1 78,358 

239,404 


Total. 


738,562 

603,694 

577,493 

599,406 

570,984 

457,087 

604,447 


(1) In this column, the make of th« 
S.-W. saltworks may be estimated a 
^ 10,000-11,000 tons. 

! (2) The rains and Boods rendered thf 

! production of the Atlantic coast almos 
I the years 1877, 1878, ani 


r rjiaaes, calk 

of Nancy, and Archibald of Florence, for many valuable details and figures! 


F. M. L. 
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BIliE (Fb., Soie ; Geb., Seide). 

The term “ silk ” is employed to denote the fibrous material produced by a number of insects 
for the purpose of forming a “ cocoon ” or nest in which a certain period of their existence is passed. 
The material composing this fibre is called “serisine,” and is a product of the insect itself, 
exhibiting slight variations according to the species, and according to the food. It is the strongest, 
the most lustrous, and the most expensive of all organic fibres. 

Kaisino. — H ence, the cultivation of the worms which produce the fibre has attracted attention 
from time immemorial, and sUk-raising is one of the most profitable industries that can be under- 
taken in suitable climates. The first step in sericicnlture is to secure a supply of food for the 
worms. For this purpose, the leaves of the mulberry seem to be unequalled. There are many 
species and varieties from which to choose, and preference should always be given when possible 
to that whose leaves afford the best sustenance to the worms, as indicated by their own predUeo- 
tions. Spotted and mildewed leaves must be avoided, and great care must be taken that the leaves 
are supplied fresh, dry, and clean, and particularly not heated or fermented. The points to be 
borne in mind in arranging a mcignanerie or silkworm nursery are as follows : — A free circulation of 
air, without draughts, the windows never being opened on the windward side, except in the tropics ; 
plenty of light, but no actual sunshine in hot climates; avoidance of all scents and odours, whether 
pleasant or otherwise, and of all noise ; the temperature and moisture of the atmosphere of the 
chamber must be carefully watched and regulated. Electrical disturbances induce a kind of 
dysentery or cholera in the worms, which disease can only be stamped out by killing all the 
afBicted worms and all those which have been in contact with their excreta, as well as removing 
all excreta-stained leaves, nets, &c. Another disease, which has become a serious epidemic, is im- 
mediately caused by a fungus, called Panhistophyton ; its germs may be discovered as microscopic 
cylindrical corpuscules in the blood of infected worms. Hence the necessity for thorough microscopic 
examination of every pair of moths before their eggs may be considered sound. The exami- 
nation may be made after the moths are dead and dried, by grinding them into a paste with a 
little water. 

This system of microscopic selection should be rigidly adhered to. Before removing the silk from 
the cocoon, it is necessary to kill the chrysalis inhabiting it. This may be done by placing it in an 
oven at a temperature not exceeding 93° (200° F.) ; but a much superior plan is to subject it for a 
few minutes to dry steam, which has a cleansing action upon the silk, and does not at the same 
time make it brittle. 

The silk of which the cocoon is formed is one solid thread of great length (even 500 yd.), which 
has been wound from the outside towards the centre, and diminishes in size as it proceeds, till 
reduced to or J. It is detached and prepared for use by a process termed “ reeling.” There is 
always a certain portion left which cannot be reeled ; this may be carded and spun. With this 
object, large quantities of “ husks ” or “ knubs,” as the waste cocoons are called, are exported to 
Europe from the great silk-growing countries of the East, and the product thus obtained is known 
as silk “ waste.” Keeling is an operation requiring considerable practice and skill for its proper 
performance. There are several handy machines in the market for the purpose, and choice should 
be made of one of slow motion for beginners. 

It may be useful to state that Chinese silk, by far the most important commercially, is put up 
in bales of the following weights Fine raw silk, 80 catties (of lx lb.) ; raw wild sKk, 1 picut (of 
133^ lb.); hydraulic-pressed waste silk, 2 piculs; cocoons, H piculs. 

PKonucTiON Aim CojiMEBOE. — The sUk production of Europe may be approximately estimated 
at 9 million lb. yearly, while Asia affords an additional 11 million lb. for export to European 
markets. The chief contributors to this enormous total of 20 million lb. are as follows : — China 
8 milliou lb.; Italy, fix ; France, lA; Japan, li; Turkey, 1A; India, 1; Persia, Georgia, &c., 1. 
Some remarks upon the silk industry of each of these countries will now be given in the order just 
stated. 

China. — The total silk production of China is officially stated at about 23,232,000 lb. annually, 
of which, some 16,588,000 lb. is afforded by cultivated mulberry worms {Bombyx rtwri), 1,364,000 lb. 
by wild worms on mulberry and other trees ( B. mori, B. atlas, &e.), 660,000 lb. is raised from the 
ailanthus worm (B. cynthia), and 4,620,000 lb. from oak-feeding worms (_B. Pernyi and B. mylitta'). 
It will be convenient to consider each province under the head of its treaty port. 

1. Newchwang. — The raw silk grown for export in Sheng-king is entirely from B. Pernyi 
[^Fantoni], fed on the leaves of Quercus mongolica [roftur]. The silk regions of this province are 
two : — A tract of 80 x 150 miles lying E. of the Liao Kiver, the home of B. Pei-nyi ; and a large 
portion of Liaohsl, scantily producing B. cynthia. In the former, one valley affords 12,000 cub. ft. 
of cocoons, and the yield throughout the district could be increased tenfold by planting the hill- 
sides with oak-shrubs. As reeled by the natives, the silk contains 20 per cent, of gmn, and the 
excess of soda used to remove it decreases the value of the fibre for export ; but properly reeled, it 
boils white, takes any dye, and can be used for tram. Native reeling gives 1 lb. silk from 10 lb. 
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cocoons. In water-reeling, the cocoons are placed in an iron pot with crude, strong, native soda, 
and covered with water ; when the gluten has dissolved, the threads of 8-10 cocoons are canght up 
together and reeled off. By the dry-reeling system, the cocoons are first boiled in strong alkaline 
solution, and then reeled from a table at uso doppio. The chrysalids are killed by steaming 2500 at 
a time in small baskets. The silk of spring cocoons is much less in quantity than from autumn, 
but much whiter and finer ip quality. A black silk is produced near Kaichow by B. Perayi, where 
it devours the petiole, ribs, and veins of the oak-leaves. The cocoons of the district give an average 
of 500 metres of silk, a weight of 0 "432 grm., and a “ title ” of 7440 deniers. Scarcely any disease is 
known among the hardy worms of Manchuria, and they have been recommended for restoring the 
worn-out European race. They are fed only on Q. mongoUca when obtainable, but failing this, on 
Q. custnnerefolia and Q. dentata. These trees are all pruned back to 5-6 ft. high. The exports of 
raw silk from Newchwang in 1879 were 60 piculs (of 133i lb.) of wild. 

2. Tientsin. — Silk-culture iu Chihli, Shansi, and Honan is of small importance. Chihli annually 
produces about 300 piculs of cultivated and 700 of wild silk ; of the former, about is yellow and 
Jg white. Shansi only yields about 700 piculs of raw silk yearly, 500 being wild. Honan yearly 
affords abont 6000 piculs of white and 1000 of yellow cnltivated silk, and 3000 of wild. 

3. Chefoo. — The annual production by worms fed on mulberry-leaves is about 80 piculs of white 
and 1024 of yellow raw silk ; that of worms fed on ailanthus, abont 6 piculs ; that of worms (2 kinds) 
fed on oak-leaves, 7125 piculs of wild raw ; that of wild mulberry-feeding worms, 15 piculs. The 
exports from Chefoo in 1879 were 1000 piculs of yellow, 750 of waste, and 500 of raw silk. 

4. Ichang. — The average yearly production of raw silk from mulberry-feeding worms is 2000 
piculs in Hupeh, 10,000 in Szechuen, and 400-500 in Kweichow ; by wild worms frequenting mul- 
berry-trees, about 1000 piculs in Kweichow. The exports from Ichang in 1879 were 750 piculs of 
yellow Szechuen and 18 of white ditto. 

5. Hankow. — The total raw silk grown in Hupeh is estimated at 6000 piculs annually, and in 
Szechuen at 15,000, of which only about ^ is white. The exports from Hankow in 1879 were 7000 
piculs of raw Szechuen, 425 of white, 425 of cocoons, and 150 of refuse. 

6. Kiukiang.— A very small quantity of raw silk is produced in the northern part of the 
province of Kiangsi, but the quality is inferior, and none is exported. The worms ore fed on 
mulberry-leaves. 

7. Wuhu. Of the raw silk produced in the province of Anhwei, the colour is somewhat inferior 
and the quality coarse. The average yearly quantity is 600-800 piculs from worms fed on mulberry- 
leaves. The export in 1879 was 400 piculs of raw silk. 

8. Chinkiang.— Domestic worms are reared on mulberry-plants. These latter are of two kinds, 
wUd and cultivated. The wild kind is sturdy in growth, but has thin smaU leaves, so the general 
practice is to graft the cultivated variety upon it. The plautations are made on high plains. The 
trees are pruned back to a height of little over 5 ft. They are liable to the attacks'^of two insects, 
one penetrating below the bark, the other not. The former is detected by a greasy exudation from 
the bark ; the place is cut open, and the larvae are destroyed, or, if tliey have already become insects, 
they are killed by the insertion of a wire or the introduction of wood-oil into their holes. Thb 
second kind attacks the leaves ; it is destroyed by sprinkling the trees with a strong solution of 
the juice of tobacco-stalks. The wild mulberry is neither grafted nor pruned, the largest trees 
reaching a height of 50-60 ft. The silk of worms fed on the wild mulberry is very coarse and 
inferior. Worms that have once tasted cultivated leaves will not eat wild ones. There are ten 
precepts observed in breeding the worms ;-<l) The eggs when on paper must be kept cool; 
(2) after hatching, they require warmth; (3) during moulting, they must be kept hun-ry ; 
(4) between their sleeps, they must be well fed ; (5) they should be neither crowded nor toT far 
apart ; (6) during sleep, they should be kept dark and warm ; (7) when their skins are cast, they 
need coolness and plenty of light ; (8) for a short time after moulting, they should be sparely fed • 
(9) when fully grown, must never be without food ; (10) the eggs should be laid close together 
but not heaped up. It may be added that smoke, draughts, and smells of all kinds are injurious 
to the worms, and great care needs to be taken that the leaves shaU always be fresh, dry, and quite 
clean. 

The worms, as fast as they are ready for weaving their cocoons, are transferred to hills made 
of straw. Any that are black or putrW are discarded. When the spinning is finished, the cocoons 
are removed, freed from the loose silk around them, and spread out on large trays in a cool spot. 
Flossy, maggot-bitten, sick, misshapen, urine-stained, and double cocoons are carefully picked out 
as being unfit for reeling. The hardest, cleanest, and whitest cocoons are reserved for breeding 
purposes. 

Wild worms are fed on Quercus sinensis, Q. serrnta, and Q. mongolica. The last is 5-6 ft. high 
and is grown around the villages for its leaves. The silk produced by it is hard. Two crops of 
cocoons are gathered annually from wild worms. They are smaller than the domestic ones, and of 
greyish-black colour. 
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9. Shanghai.— In the province of Chiangsn, the average quantity of raw silk produced for export 
from worms fed with mulberry-leaves is about 500,000 lb. ; and in the province of Chehcbiang, 
about 6,500,000 lb. The product from wild worms frequenting mulberry-trees is about 4000 lb. 
The exports from Shanghai in 1879 were 60,350 picu/s of raw, thrown, and yellow, 620 of wild raw, 
6134 of refuse, and 1888 of cocoons; the exports are mainly destined for France, India, and 
Great Britain. 

10. Ningpo.— The production of raw silk by worms fed with mulberry-leaves is about 6,500,000 lb . ; 
aud by wild worms found on mulberry-trees, 4000 lb., only in the district of Sharanglin. The 
export in 1879 was 350 piculs of raw silk. 

11. Canton. — The average production of raw silk in this district may be stated as follows ; — 
Exported to Europe, 12,000-14,000 bales (of 213 lb.) ; to Bombay, 3000-4000 piculs ; to America, 
10,000 boxes (of 150 lb.) ; and produced for native use, 20,000 piculs. This is exclusively afforded 
by worms fed upon mulberry-leaves. There is also a kind of raw silk spun by a worm frequenting 
the leaves of the camphor and kindred trees, not only on the Lofon Hills, but generally throughout 
the province of Kwangtung, though nowhere very abundantly. It is not cultivated, and very little 
silk is obtained from it, its chief use being for making “ gut ” (see p. 610), for which purpose, it is 
considered superior to the mulberry worm. The exports from Canton in 1879 were 16,200 piculs 
of fine raw silk, 130 of thrown, 7500 of refuse, 3500 of wild raw, and 2000 of cocoons. 

12. Kiungchow. — The annual production is about 280 piculs of raw silk from worms fed on mul- 
berry-leaves. There is also an average yearly production of 120 piculs of gut from a large cater- 
pillar found on a tree growing in the centre of the island of Hainan, and supposed to be Liquidambar 
formosana. The export of raw silk in 1879 was 230 piculs. 

13. Pakhoi. — The “ gut ’’-yielding worm largely frequents the Liquidambar trees in this neigh- 
bourhood. 

Our imports from China of raw sUk fell from 4,984,800 lb. in 1876, to 3,165,935 lb. in 1880 ; 
while knubs, husks, and waste rose from 10,936 cwt. in 1877, to 31,402 cwt. in 1880. The approxi- 
mate London market values of Chinese raw silks are : — 16-19s. a lb. for Tsatlee No. 3, ll-16s. for 
Nos. 4, 5, &o., 9-18s. for Taysaam, and 10-16s. for Canton. 

Italy. — Preference is given to the white mulberry (Morus alba) both in Italy and France for 
feeding silkworms. Great care is generally taken in carrying out Pasteur’s method of microscopic 
selection of the moths in all large establishments. As to the yield of the different breeds, 1 oz. 
Japanese grain gives 35-45 lb. green cocoons ; 1 oz. Japanese reproduced in Italy, 85-95 lb. green ; 
1 oz. Italian green, 130 lb. yellow; 1 oz. French striped (Var), 78 lb. nankin; 1 oz. EoussiUon, 
maximum 175-190 lb. roseate-yellow. In 1879, about 80,000 cards of grain were imported from 
Japan, about 10 per cent, remaining unsold. In many districts, the cultivation of Japanese grain 
is almost nil, attention being exclusively paid to Italian grain yielding yellow cocoons giving a 
satisfactory product. In Lombardy, in 1879, a large proportion of the grain cultivated con- 
sisted of reproductions of green and crossed white and green Japanese breeds, while experiments on 
an augmented scale were made in cultivating the native yellow grain. In Piedmont, a certain 
quantity of grain imported from France and producing yellow cocoons was cultivated in addition to 
the Japanese varieties. In Venetia, the larger portion of the yield was composed of imported 
Japanese grain and Italian reproductions, the native grain forming but a small item. In Emilia, 
the yield was J native and J Japanese, either imported or reproduced in Italy. In Tuscany and the 
Marche, the bulk of the yield was from native grain giving yellow cocoons. The total yield of 


cocoons in 

Italy in 1879 was as follows : — 




Region. 

y leld. 

Value. 


Piedmont 

Liguria 

Lombardy ^ 

Venetia 

Emilia 

Tuscany 

Marche, Umbria, Comarca 

Neapolitan Provinces 

Sicily 

Sardinia 

Kilo. 

4,155,618 

55,000 

6,325,299 

3,569,439 

1,470,688 

610,562 

1,172,168 

1,413,775 

167,500 

Lire. 

20,670,631 

297,000 ! 

31,733,150 

19,627,023 

8,186,660 

3,819,036 

6,995,717 

5,802,564 

703,500 


Total 

18,940,049 

97,835,281 i 

’ 1 
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Of this total, about 5 J million ftih. of cocoons were yellow, and 13i million green. The produc- 
tion of raw silk was computed at 499,938 kUo. yellow, and 960,052 green. The exports from 
Naples in 1879 were 8753 kilo, of cocoons, 698 of raw silk, and 26,476 of waste ; the values of the 
silk exports were 6286/. to Great Britain, 19,612/. to France, 440/. to Germany, 515/. to Turkey and 
Egypt, and 518/. to other countries. Our imports of raw silk from Italy fell from 24,552 lb. in 
1876, to 36 lb. in 1877, and recovered to 36,643 lb. in 1880; of waste, knnbs, and hndcs, from 
155 cwt. in 1876, to 0 in 1878, and 84 cwt. in 1880. The approximate Ijondon market values of 
Italian silks are 24-26s. a lb. for Novi raw white, 22-28s. for Milan thrown, and 25-30*. for 
Piedmont thrown. 

France. — The number of silk growers in France in 1874 was 198,043, 64,957 of these being on a 
large scale. Yet while France exported only 4,737,000 kilo, of raw and waste silk in 1879, she im- 
ported in the same year 10,889,000 kilo. The production is almost exclusively from cultivated 
worms fed on mulberry-leaves, but attention is being gradually given to the introduced aUanthus 
worm. There has hitherto been great difficulty in rearing the silk-worms Attacus Yama-mai and 
A. Pemyi, and other species feeding on oak-leaves, in Europe, on account of the early date at which 
the leaves are required. Much importance is therefore attached to the introduction of Quercus 
ifirbeckii from Algeria into S. France, as this species (or variety) develops its leaves in March, 
being fully amonth in advance of all French oaks. Calais, in 1879, exported 1832 kilo, of raw and 
thrown, and 1769 of waste sUk. Our imports from France of recent years have seen the following 
fluctuations ; — Eaw rose from 242,706 lb. in 1876, to 566,522 in 1877, and fell to 81,361 in 1880; 
waste, knubs, and husks fell from 9323 cwt. in 1876, to 6514 in 1877, and recovered to 14,169 in 
1880 ; thrown fell from 144,660 lb. in 1876, to 32,033 in 1878, and reached 192,932 in 1880. 

Japan . — The silk of Japan is produced almost entirely by cultivated worms fed on mulberry- 
leaves, several species of mulberry being grown for the purpose; but a certain and increasing 
quantity is afforded by yama-mai worms feeding wild on oak-trees, a hardier and more prolific race. 
Silk-growing is pretty universal in Japan, and has been greatly stimulated of late years, but there 
is room for much improvement in the reeling and other operations. Microscopic selection and 
machine-reeling are gaining ground. Our imports of Japanese raw silk fell from 448,541 lb. 
in 1877, to 240,326 in 1880 ; and of knnbs, husks, and waste, rose from 470 cwt. in 1877, to 2577 
in 1880. The approximate London market value of Japanese raw silk is 14-19s. a lb. for ordinary, 
and 16-21s. for fine to superior. 

Turkey. — In Asiatic Turkey mulberry-trees grow almost everywhere, but are mainly utilized for 
silk and cocoons in the district of Broussa, the neighbourhood of Diarljekir, N. Syria, and the 
Lebanon. A species of wild silk called gez undjel, grows extensively in Kurdistan, between Zacho 
and Rowandooz, but although much prized and worked by the Kurdish women, it has not yet 
found its way into Western commerce. The export of the raw material and of cocoons from Broussa 
averages in value about 350,000/. a year. The cultivation round Diarbekir is less developed, but 
there also the SOU and climate are excellently adapted to its pursuit on a large scale. In Syria, it 
rivals tobacco as a local staple ; and in the lower and middle ranges of the Lebanon, employs 
a large number of hands. In all these centres of silk culture, the best filament is produced from 
Japanese eggs, but fraudulent substitutions for these have greatly damaged the quality of Turkish 
silk, and correspondingly affected the industry both at Broussa and in Syria. The silkworm 
disease has been very bad for the last three years, and has caused the production of high-quality 
silk to fall off very much, the silk produced from the seed brought from Japan and other countries 
being far inferior to the produce of native silkworms. These latter are described as yielding 
cocoons quite white in colour, and more than double the size of the yellow cocoons made by the 
Japanese worms. An opinion is prevalent that the disease will pass away in time, when it will 
be possible to return to the production of silk from native worms only. The exports in 1879 
from Musyna were 15 tons cocoons, value 1650/., to Turkish ports, and 1 ton, 120/., to England ; 
from Alexandretta, 10 tons cocoons, 6000/., to France, 1 ton, 600/., to Austria, 2 tons, 1200/., 
to Turkish ports ; from Dedeagatch, 800 bales cocoons, 20,000/., and 150 bales silk waste, 800/. ; 
from Trebizonde (Persian produce), 429 bales (of 1.^ cwt.) of silk, 42,900/., to Turkish ports, 55 
bales (of If cwt.) of waste sil^ 825/., to Turkish ports, and 41 bales, 645/.T to France. Our imports 
from Turkey in Asia of raw silk fell from 5610 lb. in 1877, to 0 in 1879, and recovered to 520 lb. in 
1880 ; of waste, knnbs, and husks, 153 cwt. in 1876, 58 in 1877, 2027 in 1878, 688 in 1879, and 69 
in 1880. The approximate London market value of Broussa sDk is 24-29s. a lb. 

Our imports of raw silk from Turkey in Europe were 4210 lb. in 1877,784 in 1878 and 5821 in 
1880; of waste, knnbs, and husks, 362 cwt. in 1877, 94 in 1878, and 356 in 1880. ’Thessaly, in 
1880, exported 20,000/. worth of silk and cocoons. 

/ndia.— Perhaps no wuntry in the world te so rich in indigenous sUk-producing insects as India. 
This is sufficiently indicated by the following list, arranged by F. Moore, curator of the India 
Museum ; — 

1. Mulberry-Feeding, a. Domesticated.— mori, the common silkworm, domesticated in 
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China, Japan, Bokhara, Afghanistan, Cashmere, Persia, S. Bussia, Turkey, Egypt, Algeria, Italy, 
France, and Spain, producing but one crop annually, spinning the largest cocoon and the best silk, 
of a golden-yellow or white colour. textor, the boro poolloo of Bengal, domesticated in S. China 
and Bengal ; annual only ; a white (sometimes yellow) cocoon, of a different texture and more 
flossy than B. mori. B. sinensis^ the sma, clteena^ or small Chinese monthly worm of Bengal, 
partially domesticated in Bengal, where it was introduced from China ; several broods in the year, 
cocoon, white and yellow. B. crcesi, the nistry or madrassee of Bengal, introduced from China ; 
domesticated in Bengal ; 7-8 broods of golden-yellow cocoons in the year, of larger size than 
B. sinensis. B. fortunatus, the dasee of Bengal ; several broods annnally ; the smallest cocoon, of a 
golden-yellow colour. B. arracanensis, the Burmese silkworm, domesticated in Arracan, said to 
have been introduced from China, through Burma ; several broods annually ; cocoons larger than 
the Bengal monthly species. 

6. Wild. — Theophila Huttoni, the wild silkworm of the N.-W. Himalayas; worms found 
abundantly feeding on the indigenous mulberry in the mountain forests. T. shericilli, the wild silk- 
worm of the S.-E. Himalayas. T. bengalensie, the wild silkworm of Lower Bengal ; in the neigh- 
bourhood of Calcutta feeding on Artocarpiis lacoocha ; also at Kanchee in Chota Nagpore. T. reli- 
giosa, the joree of Assam and deo-mooga of Cachar ; feeds on the bur tree {Ficus indica) and the pipul 
{F. religiosd). T. mandarina, the wild silkworm of Chekiang, N. China ; stated to feed on wild 
mnlberry-trees, spinning a white cocoon. Odnara lactea, at Mussooree, N.-W. Himalaya ; feeds on 
Ficus venosa ; small yellow cocoon ; several broods during the summer. 0. Moorei, at Mussooree, 
N.-W. Himalaya ; also feeds on Fkus venosa, as well as on the wild fig ; a small white cocoon ; 
multivoltine. 0. diaphana, on theKhasia hills. Tritocha varians, in N. and S. India. 

2. Atlas and Eria Group. — Attacus atlas, in China, Burma, India, Ceylon, Java ; almost omni- 
vorous, feeding in different districts upon the shrubs and trees peculiar to it, as Bradleia ovata, Fal- 
coneria insignis, and several other trees at Mussooree ; the yellow flowering barberry at Almorah ; and 
various other trees at Cachar; cocoon well stored with a fine silk. A. silhefica, in Silhet. 
A. Edwardsia, in Sikkim, Cherra, and Khasia hills. A. cynthia, in China ; domesticated in the pro- 
vinces of Shantung and Honan ; feeds on Ailanthus glandulosa. A. Sicini, the eria of Assam, and 
arindi of Dinajpore ; domesticated in the N. parts of Bengal (Bogra, Eungpore, and Dinajpore), in 
Assam and Cachar ; feeds on the castor-oil plant {Ricinus communis) ; seven or more crops annually ; 
cocoons somewhat loose and flossy, orange-red, sometimes white. The so-cnlled “ Ailanthus silk- 
worm ” of Europe— the result of a fertile hybrid between the Chinese and the Bengal species — was 
produced some years ago in France, whence it was introduced into various parts of the world. 
A. Canningi, in the N.-W. Himalayas ; common in a wild state, feeding on the leaves of Coriaria 
nipalensis and Xanthophyllum hostile-, cocoons hard and compactly woven, rusty-oiange or grey; 
annual. A. lunula, in Silhet. A. obsctirus, in Cachar ; not very common ; stated to feed on a plant 
called lood. A. Guerini, in E. Bengal. 

3. Actias Group. — Aotias Selene, in Mussooree, Sikkim, Khasia hills, and Madras ; feeds upon 
Andromeda ovalifolia, Coriaria nipalensis, wild cherry, and walnut, at Mussooree, and on Odina Wbdier 
in Madras. A. sinensis, in N. China. A. Leto and A. Manas, in Sikkim and Khasia hills. A. ignes- 
cens, in the Andaman Isles. 

4. Tusser and Moonga Group. — Antheraa mylitta {paphio'], the tusser, tasar, or tmsah silkworm'; 
well-known and valuable insects (of various undetermined species), widely distributed over India, 
from E. to W. and N. to S., on the coast, and in the Central Provinces; feed in a wild state upon 
the her {Zizyphus jujuba), the asun {Terminalia alatd), the seemul {Bomhax heptaphyllvm), &c. 
A. Mezankooria. the mezankoorie silkworm of the Assamese; stated to feed on the addakoory 
(? Tetranthera qiiadrifolia), which is abundant in Upper and Lower Assam; sUk 'nearly white, its 
value being fifty per cent, above that of the muga. A. nebulosa, the tusser of the Sonthal jungles of 
Colong ; also found in Singbhoom, Chota Nagpore. A. Perrotteti, in the districts of Pondicherry, 
feeding upon a species of Zizyphus, the jambool {Syzygium jambolanum), &c. ; four broods in a year. 
A. andamana, allied species to the tusser, in the S. Andamans. A. Frithi, in Sikkim and the 
Himalayas ; common, wild, 'inhabiting the hot subtropical valleys below 2000 ft. ; cocoon is stated 
to be similar to tusser in form, but finer silk. A. Helferi, in Sikkim and the Himalayas ; a common 
species in the hot valleys of Sikkim. A. assama, the moonga or muga of the Assamese ; feeds upon 
the champa {Michelia sp.) the soom (? Tetranthera lancecdata), kontoolva, digluttee {Tetranthera digloitica), 
the pattee shoonda {Laurus obtusifolia), and the sonhalloo {Tetranthera macrophylla) ; extensively culti- 
vated by the natives, and can be reared in houses, but is fed and thrives best in the open air and 
upon the trees ; the silk forms an article of export from Assam, and leaves the country generally in 
the shape of thread. A. Roylei, the oak-feeding silkworm of the N.-W. Himalayas ; common on the 
hill-oak {Quercus incana) of the N.-W. Himalayas (Simla, Masuri, Almora) ; cocoon large and very 
touo-h : silk pronounced as promising, and worth cultivating ; can be r«ired easily in the house. 

5. Miscellaneous Group. — Salassa Lola, Sikkim, Himalayas. Einaca Zvleiha, Sikkim. Rhodia 
Newara, Nepal (Kathmandoo) ; feeds upon a species of weeping willow ; brilliant green cocoon, 
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pendant from the twigs. Caligula thibeta, Mnssooree, N.-W. Himalayas, 7000 ft. ; ennmoo, feeing 
on Andromeda ovaJifolia, wild pear, and cultirated quince ; light, open, net-like cocoon. C. mala, 
Simla, N.-W. Himalayas, 5000 ft.; feeds on the walnut, Salix babylonica, wild pear, &c.: 
open, net-like cocoon. C. cachara, Cachar. Neoris Huttoni, Mnssooree, N.-W. HimMayas, 6500 ft. ; 
worms appear in April, feeding upon a species of wild pear tree ; thin silken cocoon. N. shaduUa, 
Yarkand. Y. Stoliczkana, Ladak. Satumia cidosa, S. Grotei, S. lindia, and S. anna, hot valleys 
of the Sikkim Himflayas. Loepa hatinka, Sikkim, 5000-7000 ft., Assam. L. sikkima, hot valleys of 
Sikkim, i. sivalica, Mnssooree, 5000 ft. ; long cocoon, pointed at each end, and of a dark greenish- 
grey colour. X. miranda, Sikkim, Himalayas. Cricula trifenestrata, the haumpottonee of the 
Assamese; very common in Assam; feeds on the soom; open net-like cocoon, of a beantifnl 
yellow colour, and of a rich lustre, the silk being spun in the same manner as the eria cocoon ; 
occurs also in Moulmein, where the worms are stated to feed upon the cashew-nut tree (,Anacar- 
dium orientale). C. drepanoides, Sikkim. A few others whicli are well worth the attention of the 
Government of India for the purpose of acclimatization tliere are : — Anthercea Pemgi, the oak-feed- 
ing silkworm of Manchuria, N. China, described as having been long known to the Manchu Tartars, 
very large quantities of the silk being used among the Chinese; feeds on various species of 
oak (Quercas mongolicd), &c., the cocoon differing from the tnsser in form and texture ; silk repre- 
sented as strong, but with little lustre ; two crops in the year— spring and autumn. A. Confuci, 
allied to A. Pemyi, inhabiting the hills in the neighbourhood of Shanghai, N. China. A. Tama-mai, 
the (/ama-mai silkworm of Japan; oak-feeding; cocoon of a pale yellowish-green ccdour; excellent 
silk of considerable commercial value in Japan ; has been acclimatized in Europe, aud, crossed with 
Bombyx Attacus Pemyi, is successfully reared in France, the eggs hatching at almost freezing-point. 
Satumia pyretomm, S. China; feeds upon the Liquidambar formosana in Canton, Amoy. Neons 
shadulla, Yarkand. Theophila mandarina, N. China. 

The most important of the wild silks of India is the tusser (very variously spell), or Anihereea 
paphia (with about a dozen synonyms). The worms feed indiscriminately on Rhizophora calceolarii ; 
Terminalia glabra (the assum), T. tomentosa (the saj), and T. catappa (the country almond) ; Tectona 
grandis (teak) ; ZizypbusjuJuba (the ber); SAorea robasta (the sal); Pembax AeptapAyllum (the semul); 
Careya sphterica ; Pentaptera tomentosa and P, glabra; Ricinns communis (castor-oil) ; Cassia lanceolata. 
The cocoons are curiously suspended from the branches of the trees. The insect is distributed over 
nearly the whole of India. In the Central Provinces, the silk is utilized in Bajpore, Bilaspore, 
Sumbnlpore, the Upper Godavery, Chanda, Bhundora, Nagpore, Balaghab, Seonee, Chindwara, 
Betool, and Nursinghpore. Sumbnlpore is said to yield yearly 7000 lb. of the silk; Bajpore, 
12,000 lb. ; Bilaspore, 1800 lb. ; Chanda, 45,000 lb. Major G. Coussmaker, who has done so much 
to establish the domestic cultivation of this worm in the Deccan, finds that it thrives well on 
Jjagerstrcemia indica, and still better on Carissa carandus; the former resumes thick foliage within a 
fortnight after having all its leaves eaten off. The filament of this kind of silk is of tape-like form, 
and not cylindrical as is commonly the case. 

The eria worm is so called from the Assamese name of the castor-oil plant (Ricinus communis), 
on which it is almost exclusively fed. It is reared entirely indoors. The duration of its life varies 
with the season ; in the summer, it is shorter, and the product is both better and more abundant. 
At this season, 20-24 days elapse from the date of its birth to the time when it begins its cocoon, 
15 days later the moth is produced, in three days the eggs are laid, and in five more they are 
hatched, making the total duration of a breed 43 days. In winter, its life extends to nearly two 
months. Seven broods are reckoned upon annually. When the worms have ceased feeding, they 
are placed in baskets filled with dry leaves, amongst which they form their cocoons. In four days, 
the latter are complete. A selection having been made for the next breed, the remainder are 
exposed to the sun for 2-3 days, to destroy the vitality of the chrysalis. The cocoons are next 
generally put into water containing potash (wood-ashes), over a slow fire ; when removed, the 
water is gently squeezed out. At other times, they are massed together for some days with 
amrita (7 Carica papaya) or madhu fruit. The object is the same in either case, viz. to facilitate the 
drawing of the sUk. It is coarse, and none of it ever finds its way into Bengal. 

The mttga moth is found wild in the jungles of Assam, but all the silk produced by it is from 
domesticated worms. They are reared on trees in the open air. There are generally five breeds 
in a year, viz. January-Pebruary, May-June, July-August, September-October, and November. 
The first and last yield the best crops, as regards both quantity and quality. Constant watching 
of the trees is necessary. The worms thrive best in dry weather, but a very hot sunny day at the 
moulting time proves fatal to many. Indeed, at this period, rain is considered very favourable ; 
and even thunderstorms are not injurious, as they are to the mulberry worm. Continual heavy 
rains do mischief by sweeping the worms ofiT the trees ; but showers, however violent, cause no great 
damage, the worms generally taking shelter under the leaves with perfect safety. The total dura- 
tion of a breed vanes from 60 to jO days. Tlie chrysalis not being easily killed by exposure to the 
sun, a number of cocoons are placed upon bamboo stages, and covered with leaves, whilst a quantity 
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of dry grass is ignited below them, and in a short time destroys them. The cocoons are then hoiled 
for abont an hour in water containing potash (the ashes of mnstard and other plants). When 
taken out, they are laid between folds of cloth. The floss is removed by hand, and the cocoons are 
thrown into hot water. The instrument used for winding off the silk is the roughest imaginable. 
The Assamese consider it a good annual return if an acre of trees support 50,000 cocoons, yielding 
upwards of 24 Ib. of silk. It must be very profitable, as 1000 cocoons are reckoned to afford 6-8J oz. 
of silk thread, selling at 10-12s. a lb. The labour and expense of maintaining a plantation of the 
trees is very trifling. Lakhimpur, in 1871, exported 11| tons of mtiga silk thread, value 6090t. 

The mujankuri (variously spelt) worm is really a variety of muga, feeding on the mujankuri or 
adahiri plant ( Tetranthera polyantAd). The silk is whiter and better, some of the thread produced 
in Sibsagar selling for 36s. a lb. It is rarely in the market. 

The exports of Indian raw silk were 1,656,015 lb., value 766,462/., in 1875 ; and 1,329,599 lb., 
570,229/., in 1879. Our imports of Indian taw silk fell from 150,232 lb. in 1876, to 105,006 lb. in 
1880 ; and of knnbs, husks, and waste, from 4396 cwt. in 1877, to 3404 cwt in 1880. The approxi- 
mate London market values of Indian raw. silks are as follows : — Eadnagore, 10-16s. a lb. ; Surdah, 
14-18s. ; Gonatea, ll-17s. ; Cossimbuzar, ll-17s. ; ComercoUi, 10-16s. ; Hnrripanl, 8-lOs. ; Jungy- 
pore, 11-1 5s. 

Persia . — The exports of Persian silk, the produce of GhUan, to Bussia, in 1879, were 109,600/. 
worth of raw, 16,150/. husks, 1150/. cocoons. The exports of silk via Gez were 200 ballots, value 
9230/., from Asterabad, and 400, value 27,690/., from Ehorassan and Subzevar ; while the refuse 
amounted to 400 ballots, 3840/. Bushire, in 1879, exported 2,30,000 rupees’ worth of raw silk to 
India. The approximate London market value of Persian raw silk is 9-lls. a lb. 

Other Countries. — The subject of sericiculture is attracting considerable attention in many other 
countries, though their production is at present insignificant compared with those just described. 
In America, the industry is taking a great start, especially in California, Texas, Georgia, Alabama, 
Connecticut, and Pennsylvania. The Australian colonies possess facilities second to no country in 
the world for the production of silk, and much may be expected from the efforts that are now being 
made in this direction. Cyprus formerly produced 70,000-80,000 lb. of silk, which is now reduced 
to 5000-8000 lb. ; the mulberry flourishes everywhere, but the worms have long suffered from 
disease. Our imports of raw silk from Malta (not of local production) rose from 13,650 lb. in 1876, 
to 41,713 in 1878, but receded to 26,361 in 1880. The Greek provinces of Calamata and Messina 
produced 96,250 lb. cocoons, value 12,500/., in 1880 ; Syra in that year exported 1074/. worth to 
France. Servia before the war of 1876 exported yearly 10,000/. worth of eggs and cocoons. Austro- 
Hungary in 1879 exported 9746 metrical centners (of llOJ lb.) of sUk. In the S. provinces of Bussia, 
excellent silk is raised by the German colonists in Ekaterinoslav and Taurida ; much is also pro- 
dticed in the Trans-Caucasian provinces. The inhabitants of Turkistan cultivate a considerable 
amount of silk, much of which finds its way into Bnssian commerce. Algiers in 1879 exported 
15,938 hilo. of silk ; and French Cochin China, 660 piculs (of 133^ lb.) in 1880. Uruguay promises 
to figure soon as a producer. 

In England, the failure of numerous experiments has proved that sericiculture cannot be carried 
on profitably ; but, according to no less an authority than B. F. Cobb, the rearing of grain or eggs 
for the Continental market would be a most remunerative and successful industry. 

Imports and Exports . — Our imports of silk knubs or husks and waste in 1880 were : — 31,402 cwt., 
376,710/., from China; 14,169 cwt., 2.39,452/., from France; 3086 cwt., 36,7.38/., from Bengal and 
Burma; 2577 cwt., 31,054/., from Japan; 1667 cwt., 31,541/., from the United States; 
425 cwt., 6369/., from Turkey; 1676 cwt., 28,592/., from other countries; total, 55,002 cwt., 
750,456/. Of raw silk in the same year : — 3,165,935 lb., 2,663,850/., from China ; 240,326 lb., 
204,202/., from Japan; 81,361 lb., 79,416/., from France; 72,051 lb., 50,336/., from Bombay 
and Sind; 36,643 lb., 46,160/., from Italy; 32,955 lb., 30,900/., from Bengal and Burma; 
26,361 lb., 38,090/., from Malta; 18,3171b., 17,702/., from other countries; total, 3,673,949 lb., 
3,130,656/. Our imports of raw silk in 1876 were 6,016,927 lb., value 5,770,341/., since which 
they have yearly decreased. Our imports of knubs, husks, and waste, on the other hand, show 
a gradual increase from 29,633 cwt., 406,051/., in 1876. Our re-exports of raw silk in 1880 were 
947,165 lb., 741,597/., about 70 per cent, being to France; of knubs, husks, and waste, in the same 
year, 9241 cwt., 102,809/., over 80 per cent, being to France. 

Bibliography. — B. P. Cobb, ‘ Beport on Baw Silk ’ (Jour. Soo. Arts, Vol. xxi.. No. 1080), ‘ Hints 
to Colonists on the Cultivation of Silk’ (Vol. xxi.. Nos. 1081, 1086, 1088, 1089, 1090, 1091, 1092, 
1094), ‘Bearing “grain” in tliis country’ (Vol. xxv.. No. 1262) [London; 1872-3,1876-7]; 
A. Boland, ‘ Production of Silkworm grain ’ (Jour. Soc. Arts, Vol. xxi.. No. 1066, London : 1872-3) ; 
G. Coussmaker, ‘ The Tussur Silkworm ’ (London : 1873) ; Mrs. Bladen Neill, ‘ Silk-growing : 
its Prospects and its Wants ’ (Jour. Soc. Arts, Vol. xxiv.. No. 1223, London : 1875-6) ; E. T. 
Blakeley, ‘ The Silk Industry of N. Italy ’ (Jour. Soc. Arts, Vol. xxvii.. No. 1364, London : 1878-9) ; 

‘ Supplement to the Gazette of India,’ Mar. 15 and Aug. 2, 1879 (Calcutta) ; A. Wailly, ‘ Silk-pro- 
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dueing Bombycea* (Jour. Soc. Arts, Vol. xxvii.. Nos. 1385, 1393, Vol. xxviii., Noe, 1421 , 1424 , 
Vol. xxix.. Nos. 1475, 1476, London, 1879-81); T. Wardle, ‘The Wild Silks of India, principally 
Tusser’ (London; 1880), and ‘ Catalogue of specimens of wild silks of India’ (Jour. Soc. Arts, 
Vol. xxviii.. No. 1420, London : 1879-80) ; Imperial Maritime Customs’ Report on Silk in China 
(Shanghai: 1881). 

(See SUk Manufactures.) 

MANIH'ACTTJB.ES (Fr., Solerie, Industrie setifere ; Geb., Seidengetcerhe), 

According to the most reliable historic records, the Chinese were the first people to utilize the 
fine, lustrous, and beautiful fibre produced by the various kinds of silkworm (see Silk). The art 
of silk manufacturing appears to have arrived at considerable perfection 2750 years before the 
Christian era, as the empresses of China, at that early period, are stated to have busied themselves 
with their maids in the industry. To one of these empresses, Si-ling-ehi, the consort of the 
Emperor Hoang-ti, is attributed tlie discovery and invention of a method of reeling the cocoons. The 
industry continued under the protection and often under the personal superintendence of her suc- 
cessors for many centuries subsequently. The beauty of the fabrics manufactured led iii process of 
time to the growth of an export trade, first with neighbouring nations, and afterwards with those 
more distant. In this way, silk and silken fabrics penetrated into India, Persia, and the intervening 
territories, to the borders of Europe. Thence, by the aid of the maritime nations at that time flourish- 
ing in the Levant, they were distributed amongst all the ancient peoples who had risen to eminence 
in civilization at that early day. In tlie former case, the means by which this was effected were the 
caravans of merchants who travelled overland from one country to another. 

Though the material at an early period thus became known in a manufactured and semi-manu- 
factured form, its origin for centuries longer remained a secret. For a long time, it was conjectured 
to be a direct production of the vegetable kingdom, and is stated to be such by several ancient 
authors. 

The substantial fabrics of silk that found their way to W. Asia from China were prizednot only as 
valuable products of the loom, but also as affording an excellent source of the raw material, being in 
many cases unravelled, in order that the tlireads thus obtained might be rewoven to form the light 
and semi-transparent articles that excited the censure and ridicule of the moralists and satirists of 
ancient Greece and Rome. 

The story of the introduction into Europe of the silkworm, and the methods of manufacturing silk 
as practised by the Chinese, by two Nestorian monks during the reign of the Emperor Justinian in 
552 A.D., is tfo well known to need repetition. The emperor, with a keen eye to profit, kept 
the manufacture a monopoly in his own hands for a considerable time ; birt it was impossible 
to maintain such a state of things. Sericiculture and the manufacture rapidly spread over the most 
suitable territories of the Roman empire, and flourished especially in the Peloponessus. The new 
industry, though slow in its development, and for 600 years confined mostly to Greece, gradually 
gained upon that of China, and ultimately sufficed for the supply of the European demand. The 
Arabs and Saracen princes, who had also become acquainted with the art in both its branches from 
the Persians, had introduced it iuto the kingdons of Northern Africa, Sicily, Spain, and Portugal, 
over all of which they held sway. The Crusades about this period led to considerable political 
changes, amongst which was the establishment of the Norman power in Sicily. It is to the 
ambition of Roger, the first Norman king of that country, that the world owes the dispersion of the 
silk manufacture of Greece, and its introduction into Sicily and Italy. After this king returned 
from his second crusade in 1146, he invaded Greece, and carried off the treasures of Athens, Thebes, 
and Corinth, taking captive a large number of weavers and other operatives connected with the silk 
industry, whom he compelled to settle in Palermo and Calabria, and to teach his people their 
methods of manufacture. The Crusades also greatly assisted to make silk known in all the countries 
from which the motley armies of adventurers had been gathered. Those who returned would not 
fail to convey to willing feminine ears full details of the art of producing the glossy and much 
prized robes, of which many would only have heard vague reports. The manufacture had not been 
long established in Italy before it was carried into France. 

Sericiculture and the manufacture of the product have always been a favourite pursuit and a 
cherished industry of the kings and aristocracies of Europe. The rulers of France for more than 
four centuries made it an object of peculiar care, and by the time of Louis XIV., it had become a 
flourishing industry, employing in its various branches probably over one million people. Amongst 
these were the Huguenohs, whom the monarch just mentioned banished from their homes. In 
Lyons, at that date, were over 18,000 looms ; and at Tours, over 11,000. These were reduced 
to about 5000, and even for these, weavers could not be found. The silk industry of France was thus 
almost annihilated. The result, however, was its establishment in Switzerland, Germany, and 
England ; in the last country, over 100,000 of the refugees found an asylum for themselves and a 
profitable field for their labour. 
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NumeroTis attempts have been made in this country to acclimatize the sOkworm, so as to render 
its cultivation profitable, but without success. Better results, however, attended the eflbrts to 
establish the manufacture. From a comparatively early period, it is probable that it was carried 
on with more or less success, though without becoming in any sense a distinct and recognized 
national industry. The immigration of the Continental refugees above mentioned, and their settle- 
ment in Spitalfields, Norwich, Dublin, and several other places, so increased and concentrated the 
industry in these localities, that it has been numbered amongst the most important of the textile 
manufactures of the country ever since. 

For a long time, the machinery was rude, and incapable of producing more than “ tram,” the 
weft employed in making silken fabrics ; whilst “ organzine,” or warp yarns, had to he imported 
ready “ thrown ” from Italy. This, as is well known, was obviated by the introduction of 
“ throwing ” machinery from Italy by John Lombe, of Derby, who surreptitiously acquired plans of 
the machines by engaging as a workman in an Italian miU. The risks he encountered and the 
obstacles he overcame before he made his establishment at Derby a success are too well known to 
need detailing here. 

The success of the Derby mill soon led to the erection of others at Stockport, Congleton, 
Macclesfield, Leek, and numerous otljer places in and around Manchester. For a considerable time, 
the trade flourished in all these districts, and especially whilst import-duties were levied upon 
foreign productions, which had a tendency to preserve the home market to them exclusively. But 
the more profitable industries of cotton and woollen manufacturing, which have undergone such 
wonderful development, have quite put the silk manufacture into the shade. Owing to tlie greatly 
enhanced value of labour in this country, it has become almost impossible to compete against the 
cheap labour of the Continent without protection. The consequence is that since the repeal of the 
import duties upon silk manufactures, the trade has been gradually decaying when contrasted 
with the other textile industries of this country. Whether there is a future before it when its 
prosperity will revive, and its progress compare with them, is difficult to say. 

Eaw silk 'arrives in this country made up into “books,” each containing a certain number of 
knots. Tha^ from Italy is twisted up into a thick knot;, almost like a short length of rope, about 
12 in. long. That from China and Japan is made up into much smaller knots than that of European 
origin, and a number of these are put together in the form of a brick. 

Silk is emitted by the worm from two orifices termed “spinnarettes ” in the form of two fine 
filaments, which the worm unites into one thread, of which it forms its cocoon. In winding the 
cocoons, five or six of these double threads are wound together, and slightly twisted to form a 
thread capable of being manufactured. Owing to the softened state of the natural gum of the silk 
caused by steeping the cocoons in warm water, as they are reeled and twisted, they readily unite into 
one thread. In this form, the silk is purchased by the “throwster” or spinner, provided he does 
not reel from the cocoon. 

Eaw silk in the processes of manufacture becomes either “organzine” or “tram,” according to 
its treatment. The former is used for warp purposes, and geueially consists of two “singles” 
twisted or “thrown” together. For fine warps, single alone is used. The weft yams are composed 
of two or more singles, slightly twisted, in order to admit of the better distribution of the fibres over 
the warp threads, which they are usually intended to cover in the most perfect manner. 

The processes through which it is necessary to put the raw material as imported into this 
country, in order to prepare it for organzine for weaving, are the following:— (1) Winding, (2) 
cleaning, (3) spinning, (4) doubling, (5) spinning, (6) reeling. The first operation of spinning, 
being of the “single,” puts in about 15 turns to the inch of thread; the second, which combines 
two or more threads, imparts about 8 turns an inch. When tram is being prepared, the operations 
are nearly the same, omitting the first process of spinning, and reducing the turns to four or less 
in the second or throwing, to obtain the looseness of structure that will yield the desired end. 

The first step taken with raw silk is to separate the “ book ” or “ moss ” into knots, and sort 
these into lots according to their respective fineness, as well as can be judged by the eye. This 
separation is, however, a very imperfect one, as the unaided eye is scarcely equal to discrimi- 
nating between the differences in the thickness of the threads ; and in addition, there are many 
knots that contain both fine and coarse thread, changing to one or the other in the space of a few 
yards. After this preliminary, the hanks are dipped for a short time in a solution of soap and 
water, to soften the gum upon the fibre, which renders it more pliable and easy to wind, for which 
operation it is then ready. 

Winding.— The winding-machine. Fig. 1226, is generally arranged in the swifts to take either 
Italian, Chinese, or Japanese reeled silks. It is a very simple machine, consisting of little more 
than the framework, the swifts, and a roller carrying friction-drums, on which the bobbins for the 
reception of the silk revolve. These, being duplicated, render the machine double. Fig. 1227 
shows a section of the working parts. The swift a is composed of a hub or nave of wood, into which 
are inserted six pairs of thin lancawood rods h. Each pair of rods is connected near the top by thin 



1759 


SILK MANUFACTURES. 


cords ; to keep the latter at proper tension, a wedge c is pat below the oords, and presses Uie lancewood 
rods apart. Both cords and rods can be easily adjusted to receive any size of hank. Each swift 
has a small weight snspended upon the hnh, in order to prevent its too rapid revolution, and to 
impart the requisite tension to the thread in process of winding. The bobbins are fixed upon 


1226. 



1227. 



spindles having heads or small rollers, and are actuated by friction-wheels J. A slot e is prepared 
for the spindle when out of contact with the friction-driver. Fig. 1228 exhibits another form of 
winding-machine. 

A “ slip ” or hank having been put upon the swift, the end of the thread is found, and the winder, 
wetting it in her mouth, casts it upon the bobbin, to which it adheres ; this being placed upon the 
driver, the winding commences, the 
thread having been previously in- 
serted into the curl or ring of the 
guide-wire, fitted into the traverse- 
rail, whose lateral movement winds 
the thread regularly upon the bob- 
bin. When the hank is wound off, 
or the thread breaks, the end is 
joined to that upon the bobbin by a 
peculiar knot formed to prevent 
slipping in subsequent operations. 

The guide-rail or traverse-bar is 
operated by elliptical wheels, or 
heart-shaped cams, in order to make 
a bobbin of a good form. To pre- 
vent waste of material and loss of 
time, the winding is arranged so 
that each suocessive layer shall 
obliquely cross the threads of the 
preceding one. Winding-frames 
generally contain 30-40 swifts to 
each side of the machine. 

Cleaning. — The cleaning - ma- 
chine, Fig. 1229, which is often 
called the redrawing frame, to which 
the bobbins from the winding-frame are now conveyed, is of similar construction to the preceding 
machine. For the swifts of the winding-fiame, is substituted a bobbin-board, fitted with pegs to 
hold the bobbins ; whilst in place of the guide-wires of the traverse-rail, the thread passes between 
two vertical steel blades, whose edges are set so closely together as to detect and arrest any knots, 
slubs, or other defects of a gross kind that would interfere with the perfection of the subsequent 
stages of the work. The distance between the edges of these blades can be adjusted with great 
nicety by means of screws. Fig. 1230 shows the working parts in section. The bobbin a from the 
winding-machine is placed upon the pin in the board, so as to allow of easy revolution in unwinding 
The thread is conducted over the carrier-rod b, next passing through the cleaner or vertical blades 
c, and thence upon the bobbin d, actuated as before by the friction- wheel c. The cleaner is fixed in 
the traverse-bar or guide-rail. An enlarged firont view of the cleaner is shown at /. 

Cleaning is not the only purpose of this process ; an object of equally great importance is the 
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“ sizing ” of the silk, a word implying a very different process from that which the same term 
indicates when used in connection with the cotton trade. It means the still further elimination of 
the irregularities of raw silk, enabling the manufacturer to produce an even fabric. As the winding 
proceeds, the attendant is carefully observing the threads, and when one of these begins to deliver 
a thread finer than required, it is Inroken off, and the bobbin is moved to the right ; if a coarse 





thread comes ofl^ it is similarly moved to the left. When the process is completed, the silk is thus 
assorted into two sizes, which are marked firsts and seconds. When it is desired to secure the most 
perfectly even threads, this process is repeated several times, though all of them constitute but a 
very imperfect remedy for careless reeling from the cocoon. 

In this form, the silk is technically called “ dumb singles,” because, being in the gum, it does 
not show up its lustre. Though it has no twist, it is sufficiently strong for the warp purposes of 
particular fabrics, such as gauzes, bandanas, &o. ; it is sometimes used for weft purposes also. In 
both cases, it must be used in the natural gum, as if it were attempted to clear it or dye it, to bring 
up the lustre or improve the colour, it would be rendered too soft and flossy for use. The silk is 
therefore cleared in these cases in the fabric, being boiled or dyed after manufacture. It is, how- 
ever, sometimes “ stained ” by immersion in a cold dye-bath, when it is necessary to get a coloured 
thread ; but in this case, the colour is neither so fast nor so lustrous as when treated in the other 
manner. 

Spinning and Doubling . — After the cleaning and the sizing process of the last stage, the thread is 
ready for the spinning-machine, to which the bobbins are conveyed. 

Assuming that organzine is required, the process is to spin or twist the “ single ” thread, com- 
posed of the filaments reeled together from 

the cocoon. In this case, it is customary to 1231 . 

put about 15 turns an inch for most descrip- 
tions of work, though, in many instances, 
this number is departed from, according to 
special requirement. In some cases, when 
singles are intended for organzine, 60 turns 
an inch are put in. 

The spinning-machine. Fig. 1231, usually 
contains two tiers of spindles, one above the 
other, the whole amounting to several hun- 
dred. The driving-shafts, one for each tier, 
carry a cylindrical tin drum extending the 
length of the frame. This drum actuates the 
spindles by means of driving-bands, one for 
each spindle, which pass around it, and thence 
around the wharve upon the lower part of the ■ - 
spindle between the bolster and the footstep. 

Fig. 1232 shows the details of one of these 
spindles and its mountings : a is the footstep - - 
in which the spindle b revolves, carrying the 
wharve c for the reception of the driving- 
band d. Midway in its height, the spindle passes through a bolster-rail e, fitted with brass 
bearings, in which it revolves. Just above the bearing, the spindle is tapered for the reception of 
the bobbin, the smallest diameter being at the top. The bobbin / from the cleaning-machine, 
being adjusted upon the spindle, is firmly held upon the tapered part, and above it is mounted 
the flier g, composed of a small wooden boss, having a groove around its circumference, into which 
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tha wire forming the flier-arms is bent and secured. The extremities of this wire are carved to 
form eyelets for the reception of the thread. The traverse or guide -raU A is also fitted with 
eyelets. 

In the process of spinning, the thread, both single and double, is conducted from the bobbin / 
through the lowest eyelet of the flier, around the limb A, through the upper eyelet, as well as that of 
the traveree-rail, and thence upon the bobbin i, whereon it is wound in crossed layers, as before, and 



for the same purpose. It wiU be observed that the course of the thread in silk-spinning is the 
reverse of that in other textile fabrics, being delivered instead of received by the bobbin upon the 
twisting-spindle. Should the thread be drawn from the bobbin / with the spindle at rest, one turn 
or twist would be imparted to it for every revolution drawn off. Suppose, however, the spindle to 
be making 6000 rev. a minute, and the draft of the bobbin to be 400 in. in the same time, it is 
obvious that this will give 15 turns for I in. of the thread, plus one turn for every rev. of the thread 
drawn from the bobbin required to yield 400 in. When single is being spun for organzme, and 
more twist is required, the draft of the bobbin i is diminished in proportion. 

In silk-spinning, the flier is sometimes dispensed with, its chief use being to protect the thread 
from injury by friction during delivery from the bobbin, which some think is a more imaginary than 
real risk. As will be seen from the description of the machinery already given, and the nature of 
the silk filament or cocoon thread, the working of silk, especially in the throwing department, is 
exceedingly simple, consisting only of winding and twisting, and hardly affording much scope for 
the ingenuity of the mechanical inventor. Hence it is that improvements are comparatively rare and 
unimportant. 

A machine, however, has recently been introduced for spinning or twisting purposes which is a 
considerable improvement upon preceding ones, owing to its productive capacity per spindle bpin g 
double that of most others, thereby enabling considerable economy to be effected in space Waste, 
shafting, gearing, belts, buildings, and labour. ’ 
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The structure of this machine, Fig. 1233, which can be adapted to any fibre, more nearly approxi- 
mates to that of the bobbin-and-fly-&ames, as used in cotton industry, than to machines employed 
in the silk manufacture. Instead of the bobbins containing the material to be treated, reposing in 
a bank or creel on pegs, as usual, the machine is fitted with a creel or set of spindles which carry the 
bobbins containing the threads to be twisted, and these spindles are made to revolre at a great speed. 
Thus, running at the same rate as the front or twisting-spindles, which may be assumed to be 4000 
rev. a minute, half the twist is put in before the yarn reaches the draft-rollers, when it becomes 
subject to the action of the front spindles. These working at the usual speed, and having only half 
the task to perform, it enables the rollers to be put on double speed, thus filling the bobbins in half 
the time, and ensuring a double production. 

The ordinary spindle carries an extra wharve, from which, power is transmitted by means of a 
band to the creel spindle, mounted in rails. On the top of this spindle, is placed the bobbin con- 
taining the threads to be twisted. Being fixed on the spindle, the bobbin revolves with the spindle, 
which puts in half the required twist before the thread reaches the rollers. As this result is 
accomplished without any increase of the speed of the spindle, the advantages of the process 
will be obvious. It enables the production of every spindle to be doubled, whilst coat in wages is 
not increased. Only half the space is required, as compared with the ordinary method, the 
shafting, gearing, complementary fittings, cost of supervision, and aU other expenses, being 
obviated. 

This machine is known as “ Murray’s patent,” and is made solely by Thomas TTnsworth, of 
Manchester. When it is used, the bobbins are prepared for it preferably upon the winding-doubling- 
machine of the same maker, described in the article on Hope (see p. 1595). The single having thus 
received the twist necessary for forming organzine, in wliich two strands of the single are com- 
bined, it IS taken to the doubling-machine. Fig. 1234, in which two threads or more if required 
are wound upon one bobbin in a manner as perfectly parallel as possible, in order that all may be 
of exactly the same length, which, in the subsequent operation of twisting, is requisite to produce 
organzine of the beat quality. It differs so little from the machines previously described, that it calls 
for no further notice. 

Having been doubled, the threads are again brought to the spinning-frame, and, for organzine, 
are twisted about 8 times an inch, but in a direction opposite to that of the first twist. When tram 
is required, this is the only twisting or spinning to which the thread is subjected, and in this it only 
receives about 4 turns an inch, the result being that a soft spongy thread is formed, well adapted 
to cover the warp threads, and show up the lustre of the fibre. 

1235. 



Reeling . — Keeling is the next and last operation so far as the throwster’s portion of the business 
is concerned, except the packing for the market. The reeling-machine. Fig. 1235, is simply a hank- 
winding machine, in which the silk, as it finally leaves the spinning-frame, is wound into a form to 
fit it for the operations of boiling, to blear it from the natural gum, and dyeing, in which the richest 
colours are imparted to it previously to its being woven or otherwise fabricated into the numerous 
articles of luxury for which from the first it has been designed. This machine, like all the others 
illustrating this article thus far, with the exception of Fig. 1233, is made by Enoch Knshton, 
Macclesfield, and is fitted with his self-acting count-guider and stop-motions. The former registers 
in yards the exact length of each skein ; when the length required has been reeled, the guider makes 
a lateral movement, and alongside the first skein runs another the same length, and so on in suc- 
cession until the reel is full, when it stops the machine. By this means, perfect uniformity 
in the length of skein or hank is secured. 'These skeins, being afterwards carefully weighed on 
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dramming- or deniering-machines, being all of one length, can be “ sized ” or assorted with great 
correctness. 

After silk is thrown, it is generally reeled into skeins of 1000 yd., and to ensure regularity, these 
are assorted as just described, and arranged in lots, J dram difference in weight defining the lots. 
Thus, if 1 skein weighs J oz. = 4 dr., it is denominated l-dram silk ; if J dr. lighter, it is 3|-dram 
silk, &c. Where the greatest regularity is desired, and the expense is not au obstacle, silk is reeled 
into half-skeins of 500 yd., or quarter- 
skeins of 250 yd., and then carefully 
weighed and assorted as before. This 
process is called “ half- ” and “ quarter- 
sizing.” In France, the skein measures 
520 yd., and is weighed in deniers, the 
denier being equal to 0-825 gr. 

When the process of assorting or 
sizing has been completed, the silk is 
gathered into hanks, twisted into knots, 
arranged in bundles, and pressed in the 
manner shown in Fig. 1236. 

Silk, besides being thrown into the 
form of organzine and tram for weaving, 
is made to assnme numerous other special 
forms and designations, according to re- 
quirement. Amongst these, may be men- 
tioned embroidery-, fringing-, sewing-, 
knitting-, and machine-silks. There is, 
however, no essential difference in them, 
all being simply combinations of the number of threads needed to give the thickness, and of 
variations in the twist required to obtain the effect. 

Silk at this stage becomes a mercantile article, known as “ thrown silk,” and as such is sold to 
manufacturers, who weave or otherwise work it into the forms in which it is presented to the 
consumer. In' many instances, the processes of throwing and manufacturing are combined in one 
establishment. 

The silk thus usually comes into the hands of the manufacturer in the form of “ hard ” silk, as it 
is technically called, when in the gum previous to boiling. Before dyeing, it always undergot-s 
this operation, which greatly changes its appearance. In the gum or natural state, it is dull, hard, 
and wiry, and might easily be mistaken for several other fibres. Boiling reduces its weight nearly 
one-third, softens it, and develops its lustre, bringing out its wonderful brilliance. It then becomes 
“ soft sUk.” It is manufactured in both these states, though comparatively rarely in the former. 

In dyeing, the weight of the dye-stuffs partially restores the loss caused by the removal of the 
o-um; but ad°vantagB is very often taken of this process to load the material heavily with chemicals, 
TOmetimes to the extent of 5-6 times the original weight In some cases, as for instance when the 
silk has to be manufactured into fringes, and is required to hang heavUy, this weighting is advan- 
tageous in obtaining the effect; but as a general rule, aU weighting may safely be regarded as 
adulteration, and intended to cheapen the cost of production. It is certain that the chemicals used 
to weight it injure its strength and durability, and, in the end, enhance the cost. 

Spun Silk. In silk growing and the subsequent manipulation of the material in transforming it 

into articles of utility, it will be obvious that a considerable quantity of waste material must accu- 
mulate. The floss-silk, or outer covering of the cocoon ; the perfect cocoons reserved for propagation, 
and which are pierced by the insect ; badly formed, entangled and otherwise defective ones ; the 
bottoms of cocoons when the usable filament has been wound off ; and the loose fibre produced in 
after stages of working, all contribute to the stock of waste. The aggregate weight of material 
obtained°in this manner forms a large percentage of the entire weight of the crop of cocoons. When 
it is considered that all silk-producing countries are sources of supply, it will be seen that the 
bulk of fibre of this description placed at the disposal of manufacturers is very great. 

Until about 1857, this waste was the most useless bye-product obtained from any of the textile 
industries. The world is indebted for its utilization to Samuel Cunliffe Lister, of Manningham, 
near Bradford, by whose mechanical genius and enterprise it was made to serve a useful purpose. 

The manufacture of silk-waste differs radically from that of net or thrown silk, being much more 
akin to the manufacture of worsted. The different varieties of silk, such as Italian, Chinese, 
Japanese, and Bengal, are kept apart, owing to their varying qualities. But the waste from all 
may be worked together, though it is usual to separate them according to shades of colour. The 
olaaaificatinn is generally into two shades, yellow and white ; the former is termed Italian, and the 
latter Chinese. Sometimes the yellow tint of the first-named sort is removed or covered by a 
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process of dyeing, which imparts to it the whiteness of the latter. Should ,the material thus 
sophisticated be boiled at a subsequent stage, the original tint will reappear, and may cause defects 
in the fabric into which it has to enter. It is therefore important for the manufacturer to know 
when it has been subjected to such treatment. 

On the Continent, it is customary for spinners to work waste silk with the gum in it, in which 
state it is known as “ Schappe silk.” English manufacturers, however, usually prefer to clear the 
gum from it by boiling. This is the first process to which it is submitted. After boiling, the mass 
presents a rich lustrous appearance, but thoroughly entangled. 

It is now ready for the “ breaker,” a machine allied in its function and structure to the “ rag- 
devil ” of the shoddy manufacture (see Woollen Manufactures), which tears, breaks, and disentangles 
the fibrous mass. The latter is by this means reduced to lengths from 12 in. downwards, by which 
it is fitted for the process of combing. 

The principle of combing is similar to that employed in the manipulation of long wool for the 
production of worsted, with the modifications rendered necessary by tire different nature of the 
material. In combing silk-waste, the material is separated into several portions, each of a difl:crent 
length of staple, and the combing-machine is consequently arranged to obtain this result. The 
first draft yields a staple about 12 in. long, which can be spun into lOO’s-llO’s single thread ; 
this is called “ first drafts.” The next in length is called “second drafts,” and is suitable for the 
production of 70’s-90’s. There are several successive ones, named tliirds, fourths, fifths, &c., which 
are utilized in the production of coarser yarns. The short fibre remaining after the abstraction of 
the preceding lengths of staple, and which is too short to comb, is called “ silk-noil,” and is rele- 
gated to the silk carding-machine, which differs very little from those for cotton or wool. It is 
subsequently treated in the same manner as those fibres, the product being finally known as 
“ carded spun silk,” or “ short spun silk,” to distinguish it from combed silk-yam, which is called 
“ long-spun ” or “ patent silk.” The perfection to which the combing process has been carried 
leaves very little material available for carding purposes, and the yam produced &om the latter is 
disappearing ; it is going out of favour also from another cause, namely, its lack of lustre as com- 
pared with that produced from the combing process. 

The different lengths of silk “ top ” produced from the raw material by the comb are further 
drawn and combed to form a “ sliver,” a number of these being combined and drawn into one, to 
eliminate irregularities and secure perfect uniformity. This process is repeated several times 
according to requirement, and the quality of yam it may be desired to obtain. The sliver is next 
passed through a roving-frame, in which it is attenuated to the required degree, and wound upon 
a bobbin for the supply of the next machine, the spinning-frame, constructed on the principle 
of the cotton throstle-machine. The short-spun or carded sUk is spun upon the mide (see Cotton 
Manufactures, pp. 753-60). 

Yams spun from silk-waste are not so perfect ns those obtained from other fibres. The combing 
and carding processes are insufficient to thoroughly cleanse the material from impurities, lumps 
and rough bits remaining on the thread to a large extent. A simple and ingenious process has 
been invented, called “ improving,” by which the thread is very much cleared and improved in 
appearance. When the bobbins have left the spinning-machine, they are taken to another machine, 
and the thread is run from one bobbin to another, passing around several revolving spindles fixed 
on the cleaning-bar, and arranged so that the travelling thread rubs against itself, the friction 
clearing away the lumps and roughnesses not imbedded in the thread. The yarn is remarkably 
improved by this operation. When it is required of particular count, and has to be submitted to 
this process, it must be spun considerably heavier, as the weight is much diminished by the friction 
and loss resulting. 

Still another process remains. Spun silk can never be made to equal thrown silk in its lustre, 
but it is greatly improved by the “ gasing,” in which operation the thread is run rapidly through a 
jet of gas, which burns off the extremities of the fibres that project from the surface of the thread. 
When these are cleared away, the light has direct access to, and is reflected from, the surfaces 
of the long fibres laid parallel in the thread, by which its lustre is greatly increased. 

For purposes in which the strength of silk only is required, both the above processes are omitted, 
as, owing to the reduction of the weight consequent thereon, and the cost of labour, the price is 
enhanced fully 2s. a lb. Where, however, a lustre approximating to that of net silk is required, the 
yarn is always submitted to both of them. 

Spun silk is more lustrous than jjerhaps any vegetable or animal fibre with which it comes into 
competition, with the exception of thrown silk, and being capable of yielding uniformly level and 
round yarns, which cannot be obtained from thrown sUk, it possesses advantages for some purposes 
even over the latter. Owing to this quality, a good sightly fabric can be produced in the power- 
loom, free from the “ stripey ” character often seen in thrown-silk goods, even when made in the 
hand-loom, and which defect originates in the irregular thickness of thrown-silk threads. Combed 
spun, or patent silk, has come into general use for sewing-machine purposes, having of late years 
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quite superseded thrown silk in that sphere. It has also been adapted for use in the maun-' 
facture of many other articles, amongst which may be mentioned cords, braids, fringes, tassels, 
heavy laces, and numerous smallwares ; fabrics such as “ cut-ups ” for tie and scarf purposes, 
dress goods, handkerchiefs, mufflers, &c., and in these and other capacities fills a very useful place 
amongst textile fabrics. 

Wearing . — The weaving branch of the silk manufacture as an art has been carried to the 
highest degree of perfection yet attained in any of the textile industries. The fineness, strength, 
lustre, and affinity for dyes, of the raw material, are qualities that cause it to lend itself with great 
facility to the purposes of the designer, and the requirements of the weaver. The rich lustre of a 
black cachemire, contrasts finely with the dense black of a velvet fabric, and the latter again with 
the sheen of a satin. Figured damasks, produced by the jacquard attachment, show another 
phase of the excellent results attained in the manipulation of this premier textile fibre, whilst the 
brilliant hues that can be obtained when the resources of tinctorial art are called in to aid, 
demonstrate that practically when wealth is at command there is no limit to its use for decorative 
purposes. To show what can be produced, portraits, pictures, landscapes, and artistic effects have 
been wrought of such perfection and beauty as to vie with the products of the pencil or the 
graver. These highest results are mainly the outcome of the handicraft form of the industry, as, 
owing to facts previously explained, the material does not surrender itself easily to the require- 
ments of automatic mechanism. With the development of invention and increasing skill, some of 
the difficulties yet encountered will no doubt in the early future be obviated ; but even without 
improvement in that respect, accomplished results are so excellent that only the relatively high 
price of silk articles precludes a great extension of consumption. Growing wealth on the one 
hand, and extended sericiculture on the other, will do much to remove this obstacle. By many 
persona highly qualified to form correct opinions on the matter, this view of the future is regarded 
as very likely to be realized. 

Statistics . — The manufacture of silk in this country during the past twenty years has continuously 
diminished. The causes which have led to this are not far to seek. The extraordinary develop- 
ment of other industries greatly drained the labour supply formerly available, enhancing the value 
of that which remained ; legislative enactments in the interests of the operatives further hampered 
the trade when brought into competition with the unrestricted, unprotected, and cheap labour of the 
Continental states ; and the final blow was the sadden abolition of the import duties on foreign silk 
goods on the conclusion of the first treaty of commerce between France and this country. From 
the check then received, the silk industry of this country has never recovered, and a steady 
diminution of its extent and importance has since taken place. 

The following table exhibits a summary of its condition in 1879 as shown by a Return to 
Parliament. A comparison is also afforded with its state in 1874. 


England and Wales .. 

Scotland 

Ireland 

Total in.. 1879 

No. Of 
Factories. 

No. of 
Throwing 
Spindles. 

No. of 
Donbiing 
Spindles. 

No. of 1 
Power 
LcKims. 

No. of 
Power-loom 
Weavers. 

No. of Persons employed. 

Males. 

Females. 

Total. 

700 

5 

1 

832,748 

9,790 

166,289 

10,112 

12,335 

211 

_ 

11,702 

69 

102 

28,514 

548 

50 

40,216 

617 

152 

706 

842,538 

176,401 

12,546 

No return. 11,873 

1 ' 

29,112 40,985 

Total in.. 1874 j 

818 

1,114,703 

221,708 

10,002 

6,080 

13,171 

32,388^45,559 


The figures of these returns give the numbers of workers subject to the enactments of the Factory 
Acts. Much of the silk industry has, however, remained a domestic occupation, for which it is 
peculiarly suitable. Those employed in this section do not therefore fall within the enumeration. 
They form fully one half: if the particulars for the above periods be each multiplied by two, an 
approximately accurate result will be obtained. 

Our imports of silk manufactures from countries out of Europe were valued at 330,744i. in 1879, 
and at 239,852?. in 1880 ; and from coxmtries in Europe, at 12,511,174/. in 1879, and 13,085,083/. in 
1880. 

Our exports of silk manufactures in the year 1880 were as follows. Broad-stuffs of silk or satin, 
3,746,830 yd., 710,365/., nearly half being to Prance, and almost a quarter to Australia. All-silk 
handkerchiefs, scarfs, and shawls, 409, 189/., about three-fourths being to Bengal and Burma. Silk 
ribbons, 123,429/., more than half to Australia. Silk lace, 109,953/. Unenumerated all-silk goods, 
250,807/. Broad-stuffs of silk and other materials, 2,471,680 yd., 302,355/. Other kinds of goods 
containing silk, 124,561/. Grand total value, 2,030,659/. j{_ 5 i_ 

(See Cotton Manufactures ; Silk ; Woollen Manufactures.) 


SKINS. 


1757 


SKINS (Fb., Peatix ; Geh., Haute). 

Skins whose industrial value depends upon the attached hair or feathers, rather than upon the 
cerium itself, have been described under Feathers (pp. 901-9) and Fur (pp. 1029-33); there 
remain for description in the present article those skins and hides (the latter term being com- 
mercially applied to the skins of the larger mammals) which are valued for themselves. As the 
structure and morphology of hide have been treated of at length in Leather (pp. 1213-40), the 
present article will be concerned chiefly with the trade in skins, which possesses no small 
importance. Many of the statistics relating to skins are collective, and not specific ; these will be 
grouped under the heads of the respective countries, after all accessible details have been given 
upon each kind of skin. 

Alligator. — In the S. United States, notably Florida, the supply of alligator-skins amounts to 
many thousands annually, and the “ farming ” of the reptiles for their skins is even spoken of. 
The principal market for them is Europe, but no statistics of the trade are published. 

Armadillo. — The skins of this animal were exported from Brunei (Borneo) to Singapore to the 
value of 121 dol. (of 4s. 2d.) in 1879. 

Ass. — Hankow exported 2402J piculs in (of 133i lb.) of asses’ skins in 1878, and 1068 piculs in 
1879. 

Buffalo. — Manilla (Philippines), in 1878, exported 379 tons of bnflalo-skins, value 12,130f., and 
274 tons of cuttings, 6579f. Hankow exported 1091 piculs in 1878, and 1238 in 1879. Brunei 
(Borneo) sent 1362 dol. (of 4s. 2d.) worth to Singapore in 1879. The approximate London market 
values of buffalo-skins are : — B.itavia, 4-7d. a lb. ; Bengal, 3-6d. ; other sorts, 2i-6Jd. 

Calf. — Hamburg exported to Great Britain of calf and other skins in 1876, 20,731 cwt. ; in 
1877, 27,550; in 1878, 14,583; and in 1879, 19,287 cwt. The Hawaiian Islands sent 168 pieces to 
Germany in 1879. Christiania shipped 31,000 kroner (of Is. 1 Jd.) worth to Great Britain in 1878, 
and 300 kr. in 1879. The exports from Archangel (including seal) in 1878 were 335 pieces to 
Holland, and 23,108 to Germany, total value 2343/. Honolulu, in 1878, exported 651 pieces, being 
500 to Germany, 135 to China, and 16 to the United States. Memel, in 1879, sent landwise over 
the Kussian frontier for German markets, 34,400 pieces, value 5450/. The approximate London 
market value of calf-skins is 15-34d. a lb. 

Beer. — San Jose (Costa Rica) exported 21,121 lb. in 1878. Kiungchow (China) exported 
17,544 pieces, value 541/., in 1879. Ciudad Bolivar (Venezuela), in 1879, sent 77,305 pieces 
(168,170i lb.) to New York, and 14,695 pieces to Germany. Guatemala, in 1879, exported 
2353 pieces to Germany, 693 to New York, and 100 to Belize. Panama shipped 765/. worth of 
deer and other skins to the United States in 1879. Costa Rica exported 82,168 lb. in the year 
ended April 30, 1879. Puerto Cabello (Venezuela), in 1879, shipped 2466 kilo, (of 2-2 lb.) to Great 
Britain, 11,619 to Germany, 6182 to the United States, and 1281 to Holland. The Commercial 
Society of Mozambique sold 41 deer, 391 buck, 2168 blesbok, and 3071 other antelope skins at 
Rotterdam in June 1876. The approximate London market values of deer skins are: Blesbok 
C.ipe, 6-17t/. a lb. ; Deer, E. Indian, 22-50s. a doz. 

Bugonj and Manatee. — The skins of these animals, more important perhaps as oil-yielders (see 
p. 1365), are smooth, hluith-black in colour, and nearly 1 in. thick. They are well adapted for 
machine-belting. About 50 are shipped annually from Queensland. 

Fish. — The skins of many true fish are strong, firm, and durable, and capable of wide industrial 
application. Flat-fi^h give a skin suit.ible for gloves and fine upper leather. Sole-skins will 
make purses. Thomback-skins may replace sandpaper for cabinet-making purposes. Eel-skins 
will make strong braces. Siluroid skins are largely converted into gloves at Colborn, in Canada. 
Torsk-skins have been made into shoes. Some Red Sea fish-skins are utilized for sandal-making 
in Egypt. Burbot-skins form durable bags used by some Tartar tribes. Salmon-skins make a 
leather as tough as wash-leather, and about the thickness of dog-skin, the scale-marks giving a 
neat pattern ; they are employed in clothing by some of the peoples of E. Asia. Tlie skins of 
the sea-angel, thorny shark, tiger shark, and some skates are used for burnishing, and for covering 
boxes. Ray-skins are converted into shagreen; France imported 18,000 lb. of them in 1863 
chiefly from Portugal. The blue dog-fish gives a skin which is wiilely used for polishing. 

Goat and Kid. — Our imports of undressed goat-skins in 1880 were: — 937,691, 113,051/. from 
British S. Africa; 345,217, 41,155/., Bengal and Burma; 302,590, 23,827/., Turkey; 220,206 
22,861/., Madras ; 205,122, 24,595/., Belgium; 77,151, 11,747/., France; 74,464, 9969/., Germany; 
61,882, 5368/., Egypt; 31,895, 2989/., Bombay and Sind; 284,842, 36,418/., other countries; total, 
2,541,060, 291,980/. And of undressed in the same year, from: — Madras, 5,829.608, 626,232/.- 
Bombay and Sind, 1,369,137, 123,633/.; Bengal and Burma, 796,214, 90,252/.; France, 356,153 
72,335/.: Aden, 215,992, 20,424/.; Turkey, 113,039, 14,863/.; Holland, 107.588, 19,324/.; other 
countries, 138,444, 18,699/. ; total, 8,926,175, 985,762/. The total number is 11,467,235, as against 
8,051,112 in 1876. Our imports from British India rose from 55,929 undressed in 1876 to 597,318 
in 1880 ; and of dressed, from 6,!27J)00 in 1877 to 7,994,959 in 1880. Ciudad Bolivar (Venezuela) 
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sent 317 pieces (284 lb.) to New York in 1879. Tripoli exported 7000/. worth in 1879, and 3000/. 
in 1880. In 1880, a number of raw goat-skins were sent from the Marehe and Bomagna to 
the United States, weighing abont IJ hilo. (of 2-2 lb.) each, and to be used chiefly for ladies’ 
shoes and pocket-books. Shanghai, in 1878, exported 164,285 pieces. Tangier, in 1879, sent 
12 cwt., 60/., to Great Britain ; 3637 owt., 18,185/., to France and Algiers ; 10 cwt., 50/., to Spain ; 
total, 14,636 doz., 18,295/. ; and 3046 cwt, 13,707/., in 1880. The Hawaiian Islands, in 1879, 
shipped 24,940 pieces to the United States (Pacific ports). In 1879, Christiania exported 
65,700 kroner (of Is. IJd.) worth, of goat and sheep skins to Great Britain. The shipments of 
goat and kid skins from the French E. Indies to Great Britain fell from 5500 in 1876, to 4894 in 
1877, and 300 in 1879, with none since. The shipments from the Cape to Great Britain were 
794,637 in 1878, 657,509 in 1879, and 934,810 in 1880. Cadiz, in 1877, sent 404 Klo. (of 2‘2 lb.) 
of kid skins, valne 84/., to Great Britain, and 3866 Mo., 805/., to France. Puerto Cabello 
(Venezuela), in 1879, despatched 28,684 Ai7o. to Germany, 124,964 to the United States, 14,295 to 
France, and 18,536 to Holland. Honolulu sent 64,525 pieces to the United States in 1878. 
Samsoun (Turkey) exported 130,700 kHo., 6796/., to France in 1878. The Cape exports fell from 
1,478,761 pieces in 1874, to 687,570 in 1879. Memel sent by sea 7 cwt., 73/., in 1879. Tientsin 
(China) exported 38,107 picu/s (of 133^ lb.) in 1879. Mogador (Morocco) forwarded 112,974 doz., 
59,243/., to Marseilles in 1878, and 8407 bales, 48,000/., in 1880; these skins are used for the 
manufacture of morocco leather, for which they are peculiarly suitable, owing to their fineness of 
grain, caused, it is said, by the rich diet, consisting of the fruits of the argan tree (see Oils, 
pp. 1377-8). The approximate London market values of goat-skins are : — E. Indian, 4-15d. a lb. ; 
best tanned, 2s. 4(/.-3s. 8d. ; inferior to good tanned, 9d.-2s. 5(/.; Cape, best, ll-18d.; Cape, 
inferior to good, 8-14(/. 

Bwse. — Shanghai exported 458J pieu/s in 1878. Bio Grande do Sul exported 10,714 pieces 
salted, and 601 dried, in 1879. The approximate London market values of horse-hides are: — 
English, 9-14d. a lb. ; Biver Plate, 6-21s. a hide. 

Kangaroo. — The skins of this animal are largely exported from Australia and Tasmania, forming 
some of the most pliable leather known. 

Lamb. — The exports from Asterabad (Persia) via, Gez in 1879 were 788 bales Bokharan, 
60,613/. Calamata and Messenia (Greece) produced in 1880, 137,500 lb., 2680/. Dedeagatch 
(Turkey), in 1878, exported 500 bales of lamb and kid skins, value 4000/. The exports from 
Ancona (Italy), including kid and rabbit, in 1878, were 609,826 kilo, (of 2'2 lb.) to Italy, 41,480 to 
Austria, 2714 to Germany, 2655 to Greece, 19,486 to England, 3180 to Turkey ; total, 679 tons, 
50,321/. Tientsin (China), in 1879, shipped 35,008 pmth (of 133^ lb.). 

Llama. — ^The skin of the llama is growing in importance in Parisian shoemaking. It weighs 
on an average 6 lb., and contains 18 sq. ft. of leather, costing about 1/. The source of supply is the 
Peruvian Andes. 

Ox and Cow . — Coquimbo (Chili) exported 4709 ox-hides in 1879. Santos (Brazil) in the year 
ending Sep. 30, 1879, exported 316,940 kilo, salted, valued 5800/., and 1282 dried, 25/. The ship- 
ments from Christiania to Great Britain fell from 47,500 kroner {pi Is. IJd.) worth in 1877, to 3500 kr. 
in 1879. San Jose (Costa Bica) despatched 449,870 lb. in 1878. The exports from the Cape, 
including cow, fell from 150,875 pieces in 1878, to 104,281 in 1879. Bio Grande do Sul, in 1879, 
shipped 455,315 pieces salted, and 499,960 dried. Of cow-hides, Hankow exported 35,265 picu/s 
(of 133i lb.) in 1878, and 21,063 in 1879. The Kiungchow exports (including buffalo) in 1879 
were 490 piculs, 818/. From Shanghai (including buffalo) went 26,070 piculs in 1879. Chinkiang 
fell from 7262 pleads in 1877, to 3974 in 1878, and none in 1879. Memel, in 1879, sent away by 
sea. 75 cwt., 136/. ; and over the Eussian frontier for German markets, 3000 pieces, 3000/. The 
approximate London market values of ox and cow hides are : — Buenos Ayres and Monte Video, Ist 
dry, 9-10J(/. a lb. ; 2nd dry, 7-8|d. ; best light, 8-9^(/. ; salted, 5J-7f(/. ; Brazil, dry, l-lO^d . ; dry- 
salted, 4J-9d. ; W. India, salted, 3J-7</.: United States, salted, 3J-6i</. ; E. India, best, 4-1 Sd. ; 
2nd, l|-llid.; 3rd and 4th, lJ-9(/. ; Australian, salted, 2|-6c/. ; Cape, wet salted, 2J-7i£/. ; 
Continental, salted, 3f-5d. ; English, 2|-7(/. 

Seal . — Our imports of seal-skins in 1880 were from; — British N. America, 287,449, 82,781/.; 
United States, 162,189, 425,705/.; N. whale fisheries, 54,381, 11,656/.; Norway, 54,005, 12,204/.; 
Uruguay, 10,900, 30,180/.; other countries, 84,352, 60,752/.; total, 653,276, 623,278/. In 1879, the 
total was 964,208 skins. The exports from Christiania in 1879 were 74,090 pieces; to Great 
Britain, the value was 254,400 kroner (of 13J(/.) in 1878, and 172,900 kr. in 1879. Our total imports 
from Norway rose from 29,912 pieces in 1877, to 63,540 in 1878, and receded to 54,005 in 1880. 
From the Cape, they were 11,065 in 1877, 15,128 in 1879, and 7731 in 1880. And from 
Newfoundland, 413,057 in 1879, and 253,656 in 1880. The approximate London market values 
of seal-skins (not fur seals) are Is. 9d.-10s. 6d. each for Newfoundland, and 2-lls. for Green- 
land. 

Sheep'.— Onr imports of undressed sheep-skins in 1880 were from : — British S. Africa, 1,850,731. 
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241,915/. : Argentine Kepnblic, 1,245,703, 217,592/. ; France, 909,828, 136,217/. ; Australia, 816,231, 
124,430/.; Germany, 405,101, 51,914/.; Belgium, 336,388, 40,201/.; Turkey, 246,643, 20,821/.; 
Uruguay, 131,543, 18,102/. ; other countries, 844,697, 92,731/. ; total, 6,786,865, 943,923/. Dressed, 
in the same year, from: — ^Madras, 2,151,533, 192,480/.; Australia, 1.626,355, 81,623/.; Bombay and 
Sind, 600,347, 46,089/. ; France, 560,103, 68,316/. ; Bengal and Burma, 160,094, 26,851/. ; other 
countries, 446,116, 55,555/. ; total, 5,544,548, 470,914/. Bosnia Serai, in 1879, exported about 
10 tons. Shanghai, in 1878, 50,285 pieces (including lamb). Coquimbo (Chili), in 1879, 45 tons 
(including goat). Bagdad, in 1878, 86,351 pieces, 4071/^ to India and Europe (including lamb). 
Falkland Islands, 1940/. worth in 1879. Cape, 1,480,875 pieces in 1879. Hankow, 7606 pieces, 
9276/., in 1879. Tientsin, 206,777 piods (of 133^ lb.) in 1878, 8737 in 1879. Mollendo (Peru) 
79 quintals (of 2 cwt.) in 1878. Mogador, in 1880, 15 bales, 80/., to Great Britain ; 345, 1700/., to 
France ; 2, 3/., to Spain. Our imports from the French E. Indies have fallen from 5600 pieces in 
1876, to 3762 in 1877, 410 in 1879, and none since ; from Italy, from 339,973 in 1876, to 39,751 in 
1880; from European Turkey, from 230,922 in 1876, to 63,236 in 1880; from Asiatic Turkey, they 
have risen from 93,965 in 1876, to 185,543 in 1880; from Brazil, 41,604 in 1876, 2623 in 1877, 5730 
in 1880, and none in the intermediate years ; from the Argentine Republic, 3,539,589 in 1876, 898,155 
in 1879, 1,248,553 in 1880; from the Cape, 1,496,039 in 1877, 1,819,772 in 1880; from India, 
3,927,934 in 1876, 2,911,974 in 1880 ; from Victoria, 1,667,330 in 1876, 1,158,686 in 1880 ; from New 
S. Wales, 83,167 in 1878, 36,995 in 1880 ; New Zealand, 168,984 in 1878, 334,792 in 1880. The 
approximate London market values of sheep-skins are : — Cape, 10-34s. a doz. ; fine wool, 28-59s. ; 
superior, 40-82s. ; Mogador, 14-27s. ; Buenos Ayres, 4-13(/. a lb.; Australian, 4-16d. ; tanned 
E. Indian, beat, 2-4s. ; ordinary to good, ls.-2s. 9</. 

Walrus. — Our imports of walrus skina from Christiania in 1879 were valued at 7900 kroner 
(of 13^d.). 

Commerce in Sides (unenumerated, hut chiefly Ox and Cow ). — Our imports of undressed dry hid^ in 
1880 were from: — Bengal and Burma, 411,874 cwt., 1,473,720/.; Straits, 48,175 cwt., 110,114/.; 
Bombay and Sind, 47,546 cwt., 130,094/. ; British S. Africa, 34,133 cwt., 128,182/. ; Holland, 21,447 
cwt., 66,692/.; Brazil, 13,500 cwt., 48,233/.; Germany. 11,764 cwt., 55,860/.; Belgium, 7697 cwt., 
24,532/. ; Russia, 5938 cwt., 40,977/. ; Argentine Republic, 4355 cwt., 14,851/. ; France, 3371 cwt.; 
11,452/.; Madras, 2601 cwt., 7512/.; other countries, 47,071 cwt., 159,236/.; total, 659,472 cwt., 
2,271,455/. 

Undressed wet hides, from :— Uruguay, 104,495 cwt., 338,830/. ; Brazil, 101,637 cwt., 301,892/. ; 
Australia, 101,371 cwt., 222,903/. ; Belgium, 60,426 cwt., 177,356/. ; France, 53,934 cwt., 143,667/. ; 
Germany, 32,619 cwt., 77,220/. ; Holland, 32,121 cwt., 82,887/. ; Argentine Republic, 30,550 cwt., 
83,601/.; British S. Africa, 19,217 cwt., 51,547/.; Portugal, 10,502 cwt., 33,229/.; New Granada, 
6240 cwt., 19,475/.; Sweden, 4897 cwt., 14,162/.; Denmark, 3657 cwt., 10,032/.; other countries, 
21,6.50 cwt., 51,326/. ; total, 582,316 cwt., 1,608,127/. 

Tanned hides, from :— United States, 19,923,807 lb., 984,075/. ; Australia, 7,595,257 lb., 318,727/. ; 
Madras, 4,995,439 lb., 229,799/.; Straits, 2,778,159 lb., 100,195/. ; BritisI) N. America, 838,366 lb., 
38,835/.; Bombay and Sind, 738,471 lb., 38,258/. : Bengal and Burma, 444,220 lb., 21,024/. ; France, 
437,415 lb., 39,393/.; Holland, 418,873 lb., 36,811/.; Belgium, 337,579 lb., 24,526/.; China’ 
239,819 lb., 11,681/.; other countries, 311,024 lb., 16,758/.; total, 39,058,429 lb., 1,860,082/. 

Tanned and curried hides, from : — France, 3,850,457 lb., 513,164/. ; United States, 2,321,385 lb., 
165,877/.; Germany, 1,181,845 lb., 306,133/.; Holland, 329,166 lb., 58,897/.; other countries, 
256,123 lb., 29,412/. ; total, 7,938,976 lb., 1,073,483/. 

Varnished, japanned, or enamelled hides, from :— United States, 297,841 lb., 44,631/. ; Holland, 
148,695 lb., 40,898/.; Germany, 55,958 lb., 12,623/.; other countries, 153,543 lb., 23,306/. ; total, 
656,037 lb., 121,458/. 

Our exports of hides in 1880 were: — Dry: 179,917 cwt., 630,955/., to Germany; 59,636 cwt., 
224,851/., Holland ; 44,000 cwt., 160,960/., United States ; 17,091 cwt., 56,505/., Russia ; 16,898 cwt., 
63,307/., Italy: 6000 cwt., 23,218/., Belgium; 5433 cwt., 20,250/., Sweden; 13,854 cwt., 52,038/., 
other countries: total, 342,829 cwt., 1,232,084/. Raw: 44,673 cwt., 91,383/., United States; 
36,772 cwt., 58,282/., Germany ; 10,943 cwt., 18,113/., Holland; 3129 cwt., 7031/., Canada ; 3017 cwt., 
5448/., Belgium ; 2262 cwt., 4454/., France ; 4465 cwt., 9725/., other countries ; total, 105,261 cwt., 
194,436/. 

Our imports of hides from the undermentioned countries have fluctuated as shown : — 

Abyssinia. — Undressed, 7289 cwt. in 1876, 327 in 1878, 2159 in 1879, and 324 in 1880. 

Aden. — Undressed, 8190 cwt. in 1876, 113 in 1879, 8294 in 1880. 

Algiers. — Raw, 2,051,701 kilo, (of 2-2 lb.) in 1879. 

Argentine Republic. — Undressed, 94,479 cwt. in 1877, 32,961 in 1879, 34,905 in 1880. 

Austro-Hungary. — Vienna, 24,672 metrical centners in 1878, 48,950 in 1879; Fiume, raw, 
1400 kilo, in 1879. 

Bahamas. — 167/. worth in 1879. 
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Barbados. — 363?. worth in 1877, 913/. in 1878. 

Belgium.— Undressed, 51,069 cwt in 1877, 82,021 in 1878, 68,123 in 1880. Bressed, 176,635 lb. 
in 1878, 418,906 in 1880. 

BrazU. — Undressed, 137,351 cwt. in 1878, 115,137 in 1880. Pernambuco in 1878-9 exported, 
dried, 31,717 kilo, to Great Britain, 28,077 France, 25,606 Portugal, total value 3002/. ; salted, 
383,691 kilo. Great Britain, 937,976 United States, 585,868 France, 40,770 Spain, 463,269 Portugal, 
total value 75,523/.; in 1880, 61 tons, 2267/. Maceio exported in 1877, 4728 pieces (average 28 lb. 
each) to Great Britain, 1440 New York and Lisbon; in 1879, 36,775; in 1880, 11,405. Bahia 
exported 1,432,864 kilo, in 1877-8, and 1,773,965 in 1878-9, principally to the United States and 
Germany. Santos exported 397,000 kilo, in 1879. Ceara exported in 1878, 372,808 kilo, to England, 
31,966 Havre, 775,863 Hamburg, 7800 New York. 

British India. — Undressed, 281,198 cwt. in 1876, 463,764 in 1880; dressed, 14,835,979 lb. in 
1878, 6,178,370 in 1880. 

Bulgaria. — Eustchuk, in 1879, exported 254,196 kilo. (250 tons) to Austria. 

Canada.— Dressed, 939,759 lb. in 1876, 372,359 in 1879, 1,066,043 in 1880. 

Cape.— Undressed, 15,370 cwt. in 1876, 44,503 in 1878, 29,442 in 1880. 

Central America. — Undressed, 72 cwt. in 1876, 1113 in 1878, 356 in 1880. 

ChUi. — Undressed, 318 cwt. in 1876, 17,042 in 1879, 1566 in 1880; dressed, 33,026 lb. in 1876, 
3929 in 1877, 199,965 in 1878, 224 in 1879, 2930 in 1880. 

China. — Undressed, 5671 cwt. in 1876, 60,871 in 1878, 2705 in 1880. Hankow exported in 1879, 
7797 pieces, 1656/. ; Kiungchow, 490 j«<ni/s (of 133J lb.), 818/.; Newchwang, 17,665 pieces ; Tientsin. 
4354 piculs ; Canton, in 1878, 653 pieces of skins, 873| piculs of hides. 

Costa Eica. — San Jose exported 308,794 lb. in 1879. 

Denmark. — Undressed, 20,806 cwt. in 1877, 5632 in 1880; Copenhagen exported 1,166,172 lb. 
to Great Britain in 1878. 

Ecuador. — Undressed, 680 cwt. in 1876, 18 in 1877, 115 in 1879, 89 in 1880. Guayaquil exported 
in 1878, 5711 quintals raw, 17,133/., to the United Statis, and 12,504 halves tanned, 8752/., to 
S. America; and in 1880, 8859 quintals raw, 22,148/., and 4861 tanned, 2916/. Manahi, in 1878, 
exported 1321 q'lintals, 3963/. 

Egypt. — Undressed, 1250 cwt. in 1877, 718 in 1878, 1286 in 1880. In 1879, the values 
were 620/. to Austria, 380/. France, 1950/. Great Britain, 45,500/. Greece, 280/. Italy, 62,500/. 
Turkey. 

Falklands. — Undressed, 4315 cwt. in 1878, 2679 in 1880. The value of the exports was 5020/. 
in 1879. 

France.— Undressed, 26,866 cwt. in 1876, 57,305 in 1880; dressed, 2,727,190 lb. in 1876, 
4,338,485 in 1880. Calais in 1878 sent 2188 kilo, prepared to Great Britain, and 76,811 kilo, in 1879. 

French E. Indies. — Dressed, 24,600 lb. in 1876, 12,713 in 1877, none since. 

Gambia. — Exported 15,380 pieces in 1878. 

Germany. — Undressed, 45,002 cwt. in 1876, 21,143 in 1878, 44,383 in 1880 ; dressed, 1,269,143 lb. 
in 1876, 954,578 in 1878, 1,318,659 in 1880. Hamburg sent to Great Britain, 33,458 cwt. dry and 
salted in 1877, 13,972 in 1879. Konigsberg exported 1535 cwt. raw in 1878, 424 in 1879. 

Greece. — Dressed : Syra in 1877 sent 60,247/. worth to Turkey, 23,259/. to the Danubian Princi- 
palities, 2748/. to Austria; in 1879, 492/. Turkey, 251/. Austria, 200/. Kussia. 

Guatemala.— Exports in 1877, 62,343 do/, worth ; in 1878, 844J quintals to England, 1293 France, 
2476 Germany, 822 New York, 149 California; 1879, 412,605 Germany, 12,360 New York. 

Hawaiian Islands. — Exports 1880, 24,885 pieces. 

Holland.— Undressed, 55,705 cwt. in 1876, 53,568 in 1880; dressed, 941,372 lb. in 1876, 896,734 
in 1880. 

Java.— Exports 1878-9, 357,353 pieces and 1240 piculs to Holland, 7212 pieces to the Channel 
for orders, 1200 pieces to France, 7369 pieces to Italy, 5695 pieces and 872 piculs to Singapore. 

Madagascar. — Undressed, 252 cwt. in 1877, 3088 in 1879, none since. 

Mauritius. — Undressed, 5341 cwt. in 1876, 2945 in 1880. 

Morocco.— Undressed, 0 in 1877, 5445 cwt. in 1878, 1014 in 1880. Tangiers exported in 1879 
2727 cwt., 6000/., to Great Britain; 1818 cwt., 4365/., France; 21 cwt., 42/., Spain. Mogador in 
1880, sent 44 hales, 150/., to Great Britain; 667, 2250/., France; 243, 770/., Portugal. ” * 

Natal. — ^Undressed, 32,555 cwt. in 1876, 17,496 in 1878. 23,908 in 1880. ° 

New Granada.— Undressed, 12,217 cwt. in 1878, 574 in 1879, 6059 in 1880. 

New S. Wales.— Undressed, 9386 cwt. in 1878, 79,972 in 1880; dressed, 2,257,041 lb in 1877 
1,694,015 in 1880. 

New Zealand.— Undressed, 39 cwt. in 1878, 6335 in 1880 ; dressed, 140,448 lb in 1878 446 102 
in 1880. ' ’ 

Persia.— Bushire exported in 1879, 4000 rupees’ worth to England, 5000 r. India; Lingah, 
2800 r. India, 1950 r. Persian coast ; Bahrein, 6000 r. Koweit, Bussora, and Bagdad. ° 
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Peru. — Undressed, 2859 cwt. in 1876, 622 in 1878, 1235 in 1880. MoUendo exported 538 quintals 
in 1878, and 1307 q. dry in 1879. 

Philippines. — Undressed, 1024 cwt. in 1876, 102 in 1880. Manilla, in 1879, exported 7976 piculs, 
12,7611., to China and Japan. 

Portugal. — Undressed, 17,456 cwt. in 1877, 10,983 in 1880. 

Queensland. — Undressed, 1315 cwt. in 1879, 5019 in 1880. 

Eoumania. — Galatz exported 341 bales in 1879. 

Eussia.— Undressed, 482 cwt. in 1876, 6020 in 1880; dressed, 88,225 lb. in 1876, 46,694 in 1880. 
Eiga shipped 14,839 poods (of 36 lb.) in 1877, 11,311 in 1879. Poti, in 1877-8, sent away 5654 poods, 
and 2149 from Persia. 

Saigon. — Exports in 1879, 10,582 picuis. 

San Domingo. — Exports in 1878, 630 pieces to Great Britain, 490 France, 3100 Italy, 3980 Spain, 
460 United States, 560 W. Indies ; in 1880, 1340 Italy, 2541 Spain, 7142 United States, 97 W. Indies. 

S. Australia. — Dressed, 38,108 lb. in 1878, 303,143 in 1880. 

Spanish W. Indies. — Puerto Eioo exported in 1878, 167 quintals United States, 5673 Spain, 
637 Germany. 

Straits Settlements. — Undressed, 28,444 cwt. in 1876, 48,213 in 1880 ; dressed, 603,389 lb. in 
1876, 2,778,159 in 1880. 

Surinam. — Exports in 1878, 9221 kilo. 

Sweden and Norway. — Christiania exported 95,200 honor worth in 1875, 4200 kr. in 1878. 
Gothenburg exported 10,960 cwt. in 1879. 

Tasmania. — Dressed, 65,803 lb. in 1878, 38,14 1 in 1880. 

Tripoli. — Bengazi, in 1878, sent 50,000 pieces, 40001., to Malta. The value of the exports was 
20001. in 1879, and 45001. in 1880. 

Turkey. — Aleppo exported in 1878, 181 tons, 10,824/., to France; 5, 3201., Italy; 11, 7041., 
Austria: 52, 33281., Turkey ; 12, 7681., Egypt. Thessaly exported 15,0001. worth in 1880. Samos 
sent 19,3001. worth tanned to Turkey and Egypt in 1879. Van exported 15001. worth in 1879. 
Kerasund shipped by steamer in 1879, 557 bales, 38991. Trobizond in 1879 sent 940 bales (of 12 
and 60 pieces), 65801., to Turkey: 1567, 10,9691., France; 501, 35071., Eussii; 80, 5601., Greece. 
Dedeagatch, in 1879, exported 1300 bales, 40,0001. Alexandretta, in 1879, sent 280 tons, 16,8001., 
to France; 3, 1801., Austria; 10, 6001., Eussia: 96, 67201., Turkey; 29, 20301., Egypt. Adana, in 
1879, sent 250 tons, 75001., to Fiance; 140, 42001, Turkey; 27, 8101., Greece. Jaffa exported 
18,000 okes (49,500 lb.), 6661., for Turkey in 1879. 

United States. — Undressed, 115,767 cwt. in 1876, 7888 in 1879; 11,3.)8 in 1880; dressed, 
16,716,711 lb. in 1879, 22,543,033 in 1880. Savannah exported 8758 bunille:> in ISsO. Galveston 
exported in 1879-80, 9s78 bales and 7510 single, dry; and 6905 bundles wet-salted. Texas State 
in 1878-9 exported 28,104,065 lb., 562,0811. 

Uruguay. — Undressed, 116,738 cwt. in 1876, 65,846 in 1879, 104.691 in 1880. 

Venezuela. — Puerto Cabello exported in 1879, 10,126 kUo. to Great Britain, 88,717 German}’, 
75,794 United States, 5756 France, 696 Holland, 1023 Spain. Ciudad Bolivar sent 35,562 pieces, 
762,234 lb., to New York in 1879. 

Victoria. — Undressed, 0 in 1878, 2710 in 1879, 8705 in 1880; dressed, 3,506,562 lb. in 1876, 
5,096,696 in 1880. The values of the exports in 1878 were 9417/. hides, and 19,706/. skins and pelts. 

(See Feathers, Fur, Hair, Leather.) 

SMAIiLWAKES (Fa., Tissures; Ger,. Klein-, Spiel-, or Xiinibcrqer miarcn'). 

Mechanical inventions during the past century have revolutionized the aspect of society in 
nearly every one of its phases. Amongst the most important class of changes that lias resulted, is 
the subdivision and rearrangement of labour for the production of articles of merchandize. The 
facilities which the manufacturer has acquired for infinitely varying his productions and increasing 
the quantity, has done much to necessitate a reorganization of the means of distribution. The 
consequence is that terms formerly distinctive of certain occupations are falling into disuse, or 
changing their signification. Illustrations of this f.ict may he found in connection with the trades 
dealing in materials for apparel. A “draper” formerly meant specifically a dealer in woollen 
cloth ; subsequently it became generic, and an adjective was required, such as linen or woollen, to 
clearly define its meaning. More recently it has quite lost its original signification, the person 
whom it formerly indicated having become a •• clothier.” “ Haberdashery ” was the term in use 
some time back for the branch of trade dealing more particularly with fabrics destined for feminine 
wear, and the numerous small etceteras pertaining thereto. This term has been almost abaudoneil 
in favour of “ draper,” the one cast aside by the modem “ clothier.” In place of the haberdasher, 
there has sprung up auotlier distinctive business character, the “ small ware dealer,” who has taken 
a portion of the haberdasher’s specialities, and combined therewith many other articles having a 
general likeness, or .similar origin. Out of this amalgamation of old and new, the moderil small- 
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ware business has sprang. Under the term “smallwares” are comprehended a great variety of 
articles, comparatively insignificant in themselves, bat important as accessories necessary to complete 
and perfect the use of other things. 

Only a rough classification of smallwares can be attempted, as whatever principles be adopted, 
those of one division will frequently be found in another with only slight specific variations. 
Smallwares, as ordinarily understood, are mainly allied to textiles, in the materials of which they 
are composed, the manner of their fabrication, and their ultimate uses. They may be divided into 
three great classes; (1) for purposes of attire, (2) for upholstery uses, and (3) in which may be 
grouped the numerous article ordinarily denominated fancy goods. 

The first named division is probably the most extensive. In this, “ braids ” form a considerable 
class of themselves, as they are produced in all materials, gold, silver, silk, wool, worsted, alpaca, 
mohair, and cotton. Moat of these are made in various widths (J-2 in.), and in numerous shades of 
every colour, according to the requirements of popular taste. Manchester, Derby, Leicester, and 
Nottingham are the chief centres of manufacture in England, whilst great quantities are produced 
also in France and Germany. The texture of plain braids is usually alike on both sides. The 
best qualities are generally made up in J-gross cards or knots, four of which are put in a box ; the 
commoner are made up in J-gross pieces, four pieces in a package. These lengths ought to be full, 
but too often they range from to ^ short of the nominal length. The blame for this is frequently, 
and nearly always unjustly, placed upon the manufacturer, who, however, conld rarely, without 
incurring detection, deliver short-length goods to his contracts. The custom is to quote for proper 
or full lengths, when the buyer gives instructions for them to be made ,'j, .5^, or less, a corre- 
sponding deduction being made from the full-length quotation prices. This is one of the vicious 
results of excessive and unscrupulous competition, and is a custom against which the retailer should 
be carefully on his guard, as it is on him that the loss falls when undetected. “ Bindings ” are a 
kindred ai tide to braids, but usually ot a rather different texture ; the two sides are not alike, the 
front having a diagonal or “ herring-bone ” twill, whilst the back is plain. “ Ferreting ” is an old 
name for a silk flannel-binding of the latter texture. These are not in such extensive use at present 
as formerly. “ Cords” are composed of the same materials as braids, and, as their name indicates, 
are round instead of flat. They are generally black, though sometimes made in colours ; and may be 
had either with or without cores. They are made up in a similar manner to braids, in gross packages. 
In connection with these may be mentioned elastic cords and braids, which, instead of having an 
inelastic fibrous core, have substituted therefor fine strips of indiarubber, around which the cover- 
ing is plaited as in those containing a core. These strips vary in number and thickness as may 
be required, from a single one in cords to whatever number may be demanded by the width of 
braids. They are mostly black, but small quantities are also produced in colours. They are 
generally carded in lengths varying from J to a full gross, or even more, according to width and 
thickness. Leicester, Derby, and Manchester are the places of manufacture; The remarks con- 
cerning lengths made in connection with braids apply also in this case. Sometimes, for trimming 
purposes, braids are made in variegated colours, and in wave and vandyked or other fancy forms ; 
but these changes are not frequent, and do not prevail long at a time. 

“Trimmings” constitute a large proportion of the smallwares of dress, and include “gymps,” 
“fringes,” “ornaments,” “tassels,” and fancy buttons, covered and plain. The first are usually 
made from the cords already referred to. These are wrought up into numerous tasteful forms, and 
sometimes ornamented with beads. The widths vary from very narrow to several Inches wide. 
They are made up on cards of various lengths. “ Ornaments ” are a kindred trimming, consisting 
of single objects or sets ; they vary greatly in price, according to the quantity of work In them and 
the value of material. They are made by the same manufacturers as gymps. In England, these 
are chiefly found in London, Coventry, and Nottingham, but great quantities are imported from 
France and Germany, when fashion is in their fevonr. “ Fringes ” are of various materials, widths 
forms, and coloui-s, plain, knotted, and otherwise ornamented. These are usually carded like gymps' 
in varying lengths. Coventry, Leicester, Nottingham, Derby, Macclesfield, and other places in this 
covmtry produce them when in demand, along with several districts on the Continent. “ Trimming- 
buttons,” when covered with silk or other materials, are generally made by the manufacturers of 
gymps and ornaments. Plain, that is uncovered, buttons, in ivory, bone, glass, metal, vegetable 
ivory, or composition, are put up on cards and boxed; Birmingham is a great teat of manufacture, 
and has numerous competitors in several centres in France and Germany (see Buttons, pp. 557-571)’ 

Yarns in silk, wool, worsted, merino, and cotton, form a considerable division of smallwares. 
They include knitting, mending, netting, crochet, and a large number of fancy yams. The first- 
named material, being costly, is not iif extensive use compared with the others. Wool yams are 
produced in great variety, from common coarse knittings to fine Saxony and Berlin wools of a very 
superior quality, which are fabricated into articles of comparative luxury. An almost endless variety 
of colours, shades, mixtures, and variegated yams are produced to meet public demand. Worsted 
save fdr knitting purposes, is not in much request. “ Mendings ” are adjuncts of the hosiery trade’ 
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and their character depends upon what is in vogue for the fabrication of the medium and lower 
classes of hosiery. As a rule, there is always a considerable production in worsted, wool, and merino, 
and occasionally in cotton yams, for the smallware section of the trade. Leicester, Wakefield, 
Halifax, Bradford, and other places of less note in the different woollen manufacturing districts, are 
the chief centres of production. A fair quantity is also imported from the Continent, chiefly from 
Germany ; but this is likely to diminish, owing to the superiority of the home productions, from the 
improved methods of dyeing and finishing that have of late been adopted. 

“ Sewings ” are chiefly composed of silk, including “ patent silk,” cotton, and linen threads. 
These embrace every variety of colour, and count or degree of fineness, to suit the multifarious pur- 
poses in which they are consumed. Silk thread was formerly more extensively used, relatively 
considered, than at present. It was then composed of net silk, and was mostly sold in small skeins 
by weight, colours commanding a higher price than blacks and whites. Derby, Leek, Congleton, 
Macclesfield, and Coventry, had almost a monopoly of its production at that time. During the past 
15 years, however, it has to a great extent been supenseded in public favour by the greater cheapness 
and excellence of “patent silk” sewings, produced from silk waste (see p. 1755). The 
article obtained from the latter is more uniform in thickness, and better adapted for use in the 
sewing-machine now so extensively employed. Bradford, Leicester, and Derby, are the chief places 
of production, though several isolated mills are to be found in other parts of the country. The 
production of sewing-cottons has become a large and very important branch of trade, and the high 
degree of excellence to which it has been can led in this country has secured for our manufiicturers 
a practical monopoly of the trade. The yams from which these threads are made are chiefly spun 
in Bolton and Manchester, from the best classes of cotton, and which are nearly always combed, not 
carded, thereby securing an equality in the length of fibre, which yields a thoroughly level and 
uniformly strong yarn, highly essential for the production of good sewing-cottons. The machinery 
from which they are produced is mainly that of the series used in the manufacture of twines (see 
Rope, pp. 1595-1610), modified in size; the operations are nearly identical, consisting in doubling, 
twisting, cabling, gasing, and polishing. The last process of filling the reels is effected in a very 
ingenious machine, which automatically performs all operations necessary for supplying, filling, 
measuring, and discharging the reels ready for packing. Various qualities are produced, depending 
chiefly upon the class of cotton from which the single yarn is made ; they are generally three-, six- 
er nine-fold, the lowest fold being the commonest quality, and rising in proportion. The numbers 
rim from 4’s to 200’s, which latter is almost as fine as human hair. The lengths upon the reels 
vary from 200 to 1000 yd., or even more ; as a rule, medium lengths are found the most useful, the 
small reels requiitng to be replaced too often when used in the sewing-machine, the large ones 
being too heavy for the proper tension necessary for good work. The reels are made up in packages 
of one dozen each, aud sold by the gross. The chief centres of production are Paisley, Manchester, 
Bolton, Leicester, and a few other places. In the first-named district there are some very large 
firms, who have also branch establishments in the United States. The produce of the English 
establishments is exported to all parts of the world, in spite of, in some cases, almost prohibitory 
tariffs. Linen threads are now but little used in the production or manufacture of articles of clothing, 
but retain their place for upholstery, <*rdwainers’, and saddlery uses, where great strength ia 
required. Formerly this thread was made up for consumption in small skeins, and sold by weight ; 
but it is now chiefly put ou reels, each reel containing a given weight of thread by which it is sold, 
the length varying with the count or degree of fineness. Belfast and district produces the greatest 
portion of linen thread, though some is manufactured in Glasgow, in several towns in Yorkshire, 
and in a few other places. 

As adjuncts to the articles above described, and always found in connection with them, must be 
mentioned needles for plain and machine sewing ; thimbles, pins, hooks, shuttles, &c., for knitting, 
netting, crochet, tatting, and other fancy-work purposes; hair-pins, combs of every variety, metallic 
ornaments, and an endless catalogue of trifles, changing their appearance, but not their use, every 
season. These articles are produced in metal, ivory, bone, and wood, and in a variety of fancy 
forms- Eedditch maintains its pre-eminence as the centre of production for needles of all descrip- 
tions, whilst Birmingham manufactures nearly all the rest of the articles named. 

Another class of goods that, though kindred, properly speaking form a distinct branch, but are 
often found in connection with the preceding, are upholsterer’s smallwares, which include fringes in 
silk, worsted, and cotton, for cornices, hangings, and curtains; plain, knotted, balled, and otherwise 
ornamented. These are made in various widths, according to intended use or requirement. Curtain- 
borderings, gymps, cords, bell-ropes, bands, loops, laces, bindings, chair- and ladder-webs, blind- 
lines and tassels, ottoman- and pillow-tassels, chair-g 3 rmps, plain and waved : these are made in 
silk, worsted, cotton, and jute. Appertaining to them are ornamental buttons, plain, covered, and 
gilt, fancy-gat nails, rings, hooks, pins, &o. The trimmings are chiefly made in London, Man- 
chester, Leicester, and Coventry ; and the metallic articles in Birmingham. 

The fancy department of a smallware establishment is made to include a large assortment of 
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articles in many respects quite inoongmons, but which are nsnally thus grouped because of their 
small importance and limited demand not warranting any other arrangement. These include per- 
fumes (see pp. 1523-32), fancy soaps (see Soap), pomades, hair-, tooth-, and naU-hmshes, and other 
toilet requisites. Small bags, satchels, glove-boxes, handkerchief-cases, purses, jewel-cases, trinket- 
boxes, jet and vulcanite ware, and the innumerable small things denominated articles de Paris, 
coming from that city and other Continental centres of production of fancy wares. To these have 
latterly been added kindred classes of articles coming from Eastern countries, India, China, and Japan. 

It will be obvious that the foregoing is only an inadequate representation of the numberless 
trifling adjuncts to our necessaries or luxuries, which the growing wealth and refinement of the age 
have called, and are still calling into existence, and which, for want of more elear and definite means 
of classification, are being grouped under or attached to a division of trade that has hitherto been 
clearly defined and widely known as the “ smallware trade.” To make a complete enumeration of 
the additions that have occurred would require a volume. The principle of change of which these 
articles are the outcome is still active, and its operations in the future will continuously lead up to 
new developments in the products of industry, new groupings of the objects of merchandize, and 
new methods of conducting business. B. M. 

SOAP, EAIIiWAY-GBEASE, AJH) GLYCEEINE. 

Soap (Fe., Samn ; Gee., Seife). — Although soap has been made and used for many centuries 
(it is mentioned by Pliny, and the remains of a soap-factory, with lime, Ac., remaining in it, are 
still shown in Pompeii), the principles which should guide its manufacture have only been 
discovered in quite recent times. A proper comprehension of these principles is indispensable to 
every one who would become a successful manufacturer, because soap-making is essentially a 
chemical operation ; but as they can only be dealt with very briefly here, the reader unacquainted 
with them is recommended to consult auy modem elementary work on chemistry. 

Although, in ordinary parlance, the term “ soap ” denotes simply that combination of fatty 
matter with alkali which, by its detergent properties, aids in the removal of grease and dirt in 
washing (in which sense alone will it be used in this article), it is highly important to remember 
that “soaps” as a class are, strictly speaking, “salts,” using that term in the chemical sense. 
Every salt contains an acid and a base, having opposite properties, and producing by their union 
a third substance difiering from either. Thus Glauber’s salts, sulphate of soda, or sodium sulphate 
(all are synonymous terms), is a compound of sulphuric acid and soda, or 

Salt = acid + base. 

Sulphate of soda = sulphuric acid -(- soda. 

All the neutral fats of commerce which are used in soap-making, such as tallow, palm-oil, coco- 
nut-oil, cotton-seed-oil, and greases of various kinds, are also, from a chemicid point of view, 
“ salts ” of which the “ base ” is (not soda but) glycerine, and the “ acid ” (not sulphuric but) a 
mixture of various “ fatty acids,” which by proper means, may, if desired, be separated from each 
other, and prepared in a state of greater or less purity. Hence, — 

Salt = acid^ -b base. 

Neutral fat (e. g. tallow) = various fatty acids + glycerine. 

Theoretically, soap-making is nothing more than turning out the glycerine base by a strong 
mineral base, or alkali, such as potash or soda. Hence, — 

Neutral fat -p Alkali = { Fatty acids + Alkali, or “ Soap ” } -f Glycerine. 

As, however, certain oils much used by the soap-maker are already fatty acids, and contain no 
glycerine (e. g. oleic acid, sometimes erroneously called oleine, a bye-product of the candle-factory), 

, the formation of soap from them is simply a direct combination of fatty acids with the proper pro- 
portion of alkali. This process will be dealt with in describing special soaps. 

While, therefore, chemically speaking, any combination of fatty acids with a mineral base is a 
“ soap,” in practice no soaps are made except with potash or soda, as only those soaps are soluble 
in water ; all others, such as those formed by the union of fatty acids with lime, baryta, or even 
with the oxides of the metals, as lead, copper, &c., are insoluble in water, though some of them are 
used in pharmacy : a “ plaster,” for instance, is usually a soap from the fatty acids of soft oils, with 
oxide of lead as a base, and chemically speaking, is an oleate of lead. 

A further acquaintance with the theory of salts will make it clear that, in the case of mineral 
acids and bases there is a certain definite proportion peculiar to each, in which (or in a simple 
multiple of which) they combine with each other. Thus 31 parts of pure caustic soda (100 per 
cent.) require 49 parts of oil of vitriol (100 per cent, sulphuric acid) to form the neutral salt, 
sulphate of soda, and in the operation, 9 parts of water are formed, the hydrogen of which is 
derived firom the acid, and the oxygen from the base. The combined weight of the products is of 
course exactly equal to the sum of the weight of the constituents, or, — 

31 parts soda -(- 49 parts sulphuric acid — 71 parts sulphate of soda p 9 parts water. 
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This nnmber, called the “ combining proportion ” or “ equivalent ” of each substance, is 
determined by chemical research. It can scarcely be too strongly insisted on that the fatty acids 
have their eqnivalfents also; thus the determination of the quantity of soda necessary for their 
saponification is a matter of calculation, and hence the varying equivalents of the different fatty 
acids is the real explanation of the well-known fact that the “ yield ” of soap is so different from 
various fats. 

To revert for a moment to the combination of sulphuric acid and- soda, — considerable heat is 
evolved in the process, which has its parallel in saponification ; further, if either constituent had 
been in excess, there would have resulted a mixture of neutral sulphate of soda with the remainder 
of whichever constituent was in excess. If, however, twice 49, or 98, parts of sulphuric acid had 
been taken, an acid sulphate, or bisulphate, of soda, would have been formed. The fatty acids are 
remarkable in this respect, that their combining proportions or equivalents are much lygher than those 
of mineral acids. Thus to combine with 31 parts of soda (100 per cent.), 284 parts of stearic acid 
are required, 282 parts of oleic acid, 256 parts of palmitic acid, and only 200 parts of lauric acid, 
one of the chief fatty acids of coco-nut-oil. Hence, while tallow gives the least “ yield ” of soap, 
among the fats usually employed, coco-nut-oil gives the most, and palm-oil occupies an intermediate 
position. 

What has been said above with regard to 31 parts of soda, applies with equal force to potash, 
replacing 31 by 47, which is the combining proportion of potash. 

From the explanation now given, it is easy to calculate the quantity of soda or potash 
necessary to completely saponify, — 


100 lb. of Soda, 100 per cent. Potash, 100 per cent. 

Tallow 10-60 lb. 15-92 lb. 

Palm-oil 11-00 „ 16-67 „ 

Coco-nut-oil 12-44 „ 18-86 „ 

Oleic acid 10-52 „ 15-95,, 


It is obvious that the proportion of alkaline ley to be used mnst be regulated by its strength ; 
thus, if ley containing 20-0 per cent, soda be used, i.e. ^ its weight of soda at 100 per cent., five 
times the given weights mnst be used for 100 lb. fatty material. 

It will be convenient here to explain briefly the causes of the differences in combining propor- 
tion among the various fats. Their fatty acids are all composed of the three elements, carbon, 
hydrogen, and oxygen, combined in different proportions of thetwo first-named, bnt all containing 
the same quantity of oxygen. They may be arranged in a series, known as the “ adipic,” of which 
the lowest term, formic acid, contains 12 parts by weight of carbon, 2 parts hydrogen, and 32 parts 
oxygen. The other terms of the series differ from each other by 12 parts carbon and 2 parts 
hydrogen. The following table gives some of the principal terms of this series, CnHjnOj, from 
which, it is clear that the differences in their equivalents are due to the differences in the 
quantities of carbon and hydrogen entering into their composition, which also affect their melting- 
and boiling-points. 


Table A. — The chief Fatty Acids of the Series CaHznO, occubbing in Natdhal Fats. 
(Some intervening terms omitted.) 


Kame. 

Formula, 

Equivalent, 

Fusing-point C. 

Boiling-point C,; 

Natural Fat. 

Formic acid .. 


CHjOj 

46 

o 

-6-0 

105.3 


Acetic „ 


Cj H, 0, 

60 

17-0 

117 


Butyric „ 


C, H, 0, 

88 


164 

Butter. 

Caproio „ 


C. H„0, 

116 

-9-0 

200 

Volatile 
acids of 

Oenanthylic acid .. 


C, H„0, 

130 


212 

Caprylic „ 



144 

15-0 

236 

Pelargonic „ 


0, H, A 

158 


260 

coco-nut-oil, 

&c. 

Caprio or Butio acid 



172 

30-0 


^CJocinic acid .. 



186 

35-0 

.. 


Lauric „ .. .. 



200 

43-0 

- 

1 Fixed acids 





214 

47-0 


\of coco-nut- 

Myristic „ 



228 

53-8 


f oil, &c. 




242 

56-0 


J 

Palmitic acid 



256 

62-5 


Palm-oil. 

Margario „ 


^17^34^2 

270 

66-0 



Stearic „ 



284 

69-2 


Tallow. 

Cerotic „ . . 
Melissic 


Oj 

410 

452 

79-0 

89-0 


[Bees’- wax. 
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The fatty acid of the fluid constituent of most natural fats and oils, called oleic acid, belongs to 
another series, CnH 2 n- 202 , known as the “ acrylic ; *’ its formula is C„H, 40 ,, and its equivalent 
is 282. 

For reasons which are not within the scope of the present article, the true chemical equiva- 
lent of these fatty acids is always taken at thrice the above numbers. The acids can all form salts 
containing once, twice, or thrice 31 parts of soda, and it requires three of the above equivalents of 
any acid to form a neutral fat with one equivalent of glycerine, so that the process of the saponifica- 
tion of a neutral &t by caustic soda may be thus represented, — 


(3 equivalents, 
stearic acid 
and soda.) 


+ 3KaHO = 3(C,3H3,0,hra) -t- C 3 H,(OH), 

Tr^tearine. Caustic soda. Sodium btearate (ilyceriue. 

or soap. 

890 -b 120 = 918 -b 92 


(1 equivalent, 
glycerine.) 


Consult also Candles, pp. 579-80. Glycerine will be treated of separately at the end of this 
article (pp. 1798-1802). 

Raw Matbbials.— The raw materials employed in the production of pure soap® are (1) fatty 
matters of various kinds, (2) rosin, or colophony, (3) solution of caustic soda or potash. In the 
article Oils and Fatty Substances, will be found full descriptions of the different kinds of fats and 
oils suitable for soap-making ; on pp. 1458-62, are directions for refining and bleaching them, pre- 
paratory to their saponification ; and on pp. 1462-77, are instructions for their analysir, the detec- 
tion of adulterants, &c. Rosin wUl be discussed under Resinous and Gummy Substances (see also 
Wax), and Alkali contains a full account of the manufacture of soda and potash. But very few 
general remarks, therefore, are necessary in treating of raw materials, and these will be especially 
practical in their character. 

Since the selection of the raw material depends entirely upon the kind of soap which it is 
desired to produce, it may be remarked at the outset, that soaps are divided into two classes, “ hard ” 
and “soft” For the production of what is technically called “soft soap,” it is necessary to use 
potash as an alkali, to the almost entire exclusion of soda. Potash soaps are deliquescent, and do 
not dry up when exposed in solution to the air, but retain water enough to form a soft slimy jelly. 
Soda soaps neither retain so much water, nor absorb it from the air, but harden when exposed, 
partly from loss of water. This difference is best seen in the case of the salts of pure fatty 
acids thus:— 

100 parts dry potassium oleate absorb 162 parts water from the air. 

100 „ „ palmitate „ 35 „ „ 

100 „ sodium stearate „ 7J „ 


In the manufacture of soft soap, oils that are fluid or semifluid at the ordinary air-temperature 
are usually employed, and especially linseed- and other seed-oils, and the cheaper varieties of fish- 
oils. Certain oils make a hard or a soft soap, according as the alkali employed is soda or potash, 
or, in some cases, a mixture of both. As a general rule, not more than J of the potash in a soft 
soap can be replaced by soda (for cheapness Siike) without impairing the quality of the soap. 

Hard soaps invariably contain soda as their base, and, ceteris paribus, the hardness varies 
inversely as the quantity of water in the soap. An oil as fluid as commercial oleic acid will pro- 
duce a hard soap with soda, if the process be so conducted that but little water is present during 
the operation. Tallow, mixed with varying proportions of rosin, is employed for household 
“ yellow ” soap ; kitchen-grease, bone-fat, discoloured lard, and other greases, with rosin, for inferior 
grades of the same ; while the same greases, and palm-, cotton-seed-, olive-, coco-nut-, and palm- 
kemel-oils, are used either alone, or in various combinations, for the different kinds of mottled soap. 
The raw materials for soaps for special manufacturing, toilet, and other purposes, will be mentioned 
when treating of those soaps. 

It has been already noticed that coco-nut- and palm-kernel-oils combine with a larger quantity 
of soda than any other known fat, and hence that the yield of soap from the-e oils is greater than 
fifom other fats. Further, the soap so produced has the power of combining (and making a hard soap) 
with more water than can ever be communicated to tallow soap, a property which has frequently 
given rise to dishonest traflic. This soap is more soluble in water than any other, and requires a 
much larger quantity of common salt to separate the excess of water from it. In' technical lan- 
guage, it is said to “ work close.” Reference to the table on p. 1765 will show the reason for this' 
Coco-nut-oil contains a number of low terms of the fatty-acid series, whose salts are so very soluble 
that even the lime and baryta salts of the lower among them are quite soluble in water just as are 
the lime and baryta salts of formic and acetic acids, the lowest terms of all. ’ 

Among the raw materials used by the soap-boiler, not enumerated under Oils, are various bye- 
products of other manufactures, among which may be mentioned— the oleine or oleic-acid froij 
candle-works (see Candles, pp. 580, 584, &c.) ; the grease recovered from washwaters of woollen 
factorie.-, pp- 1155-6, which is very apt to contain unsaponifiable oils, and should be employed with 
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caution ; the “ foots ” from various oil-refineries, which either contain strong mineral acids (p. 1460) 
or are partly-formed soaps when an alkaline refining process has been used (p. 1460); waste fata 
recovered by carbon bisulphide or petroleum-spirit (pp. 1454-5), also liable to contain xmsaponi- 
fiable oils ; “ suint,” or the grease derived from natural wool, accompanied by potash salts ; and, 
especially in France, the yolks of eggs, see pp. 1365-6 (of which the whites have been used in the 
preparation of albumen), which contain a considerable percentage of fatty matter. This list might 
be largely increased. 

The value of soap-making material is best ascertained by saponifying a weighed quantity (say 
5-10 grm.) with soda, dissolving the soap in water, decomposing it with a mineral acid, and then 
vmshing, drying, weighmg, and examining the resultant fatty acids, as is described on pp. 1462-3 
of Oils, and, in a modified form, on p. 1794 of this article. 

Rosin (see Resinous and Gummy Substances, p. 1680). — The kind used in soap-making is known 
as colophony. The lighter shades only can be iised for better-class soaps. Such are liable to 
contain a little turpentine, which, to some slight extent, injuriously affects the hardness of the 
soap : and they are apt to become unpleasantly soft in very hot weather. Opsujue rooins contain 
turpentine, and, iu rare cases, water. Dark rosins may be improved in colour, and deprived of 
suspended impurity, by being melted, allowed to settle, and then boiled on a weak solution 
of common salt. Dark rosin may be distilled with steam under a pressure of 10 atmos. to make it 
nearly white for soap-making. Like many other distilled products, however, it has a tendency, 
both alone and in combination, to oxidize rapidly, and deteriorate iu colour. When fine rosin is 
unusually dear, however, this process may be employed with advantage. 

Chemically speaking, rosin is an acid, or mixture of acids (picric, sylvic, colophonie, and 
pimaric) whose general formula is CjjHjoOj, and their combining proportion (with 31 parts soda) is 
302. Rosin decomposes carbonate of soda, and combines instantly with caustic alkali, forming iu 
each case a so-called rosin soap, which is a thick, slimy, brown mass, containing 15 "8 per cent, of 
dry soda ; its attraction for water is so great as to become liquid on exposure to air, even though 
previously dried artificially. 

Rosin is never employed alone for soap, but always in conjunction with fats ; it has been described 
as an ameliorator, and is also a cheapener ; it contributes to the popular qualities of soap, rendering 
it more readily soluble, and forming a copious lather in laundry and household soaps. In them 
the proportion varies from 15-20 per cent, of the fatty matter employed, to an equal weight, or 
even more. Hard soaps for manufacturing purposes rarely contain it. It may be saponified aloue 
and the result mixed with a fat-soap in due proportion, or the whole may be saponified together. 
The result is the same, and the choice of methods depends upon convenience in working ; but the 
former is preferable with impure rosin, in order to give it as many changes of leys as possible, and 
thus to wash out suspended impurities, such as leaves, bits of stick, &o., all of which discolour the 
product. 

Alkali (see Caustic Potash, pp. 251-3, Carbonate of Potash, pp. 253-60, Caustic Soda and 
Carbonate of Soda, pp. 279-309). — In connection with their application to soap manufacture, it 
may be mentioned here that all large English soap-makers make their own soda, either from 
common salt, or from “ salt-cake ” (sulphate of soda), and causticize at once the liquor formed by 
the lixiviation of the black-ash. Kearly all the soda used in American and Colonial soaperies is 
bought in the English market, and imported either as soda-ash or caustic soda. The process 
of preparing solution of caustic soda or “leys” from soda-ash (or black-ash) is described on 
p. 307. It is only necessary to add a word of caution to the soap-m.iker as to the way of 
dealing with the solution when made. The reason for conducting the operation in so weak 
a solution as is directed (about 22° Tw., or 1-110 sp. gr.) is, that only under those conditions will 
carbonate of soda part with its carbonic acid to caustic lime. At higher specific gravities the 
reaction may even be reversed, and caustic soda will remove carbonic acid from carbonate of lime. 
It is of the utmost importance to the soitp-maker to causticize his leys as completely as possible, 
and to keep them so, since (unless his soap be made entirely from fatty acids, a very rare thing) any 
carbonate of soda in his leys is simply so much soda wasted. The caustic soda ley should, there- 
fore, only be prepared as it is wanted for use, and when stored should be kept in covered vessels to 
which air has no access ; shallow open tanks should be avoided at all hazards. If, as is frequently 
the case, stronger ley is required than that produced iu the original operation, it should be 
concentrated by evaporation in open vessels, or by dissolving in it some solid caustic soda. It 
should be specially noted that for concentrating or storing solution beyond 30° Tw. (sp. gr. 1-150), 
cast-iron vessels alone should be employed, owing to the solvent action of soda upon wrought-iron. 

It may be laid down as an axiom that no ley is sufficiently causticized which liberates bubbles 
of gas, when a small portion of the clear cold ley has an excess (i. e. more than sufficient to 
neutralize it and to turn bind Utmus red) of mineral acid added to it. This is a sufficiently good 
test for a foreman to work by. 

In the case of nearly pure solutions of caustic soda, a very close approximation to their strength. 
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i e. their percentage of caustic soda, may be obtained the obeerration of their density or by an 
hydrometer (Fig. 1, p. 2). These instmments are usually made very cheaply of glass, the lower end 
being weighted with shot or mercury. When floated, they displace their own weight of liquid, 
and hence the bulk displaced varies with the sp. gr. of the liquid examined, which is indicated on 
the stem of the instrument. Two scales are in use among soap-makers, those of TwaddeU and 
of Baume. The zero point of botli is that to which the instrument sinks in distilled water at 
15 ‘5° (60° F.). It must not be forgotten that increase of temperature in a fluid, by increasing its 
bulk, diminishes its sp. gr. All sp. gra. quoted in this article are at 15J° (60° F.). 

The following table gives the means of comparing degrees Tw. and Baume with each other and 
with actual sp. gr. ; and also gives the approximate percentages of caustic soda and caustic potash 
in solutions of that sp. gr. containing no other salts. 


Degrees Tw. 

Degrees 

fisume. 

Specific Gravity. 

Per cent, of 
Caustic Soda, 

Per cent, of 
Cau.stic Potash. 

5-2 

3 

1-026 

1-81 

2-83 

7-5 

5 

1-037 

2-72 

3-96 

11-8 

7 

1-059 

4-23 

6-21 

140 

10 

1-070 

5-44 

7-36 

19-8 

12 

1-094 

6-65 

9-62 

23-6 

15 

1-118 

7-86 

11-82 

26-2 

17 

1-131 

9-07 

13-01 

32-6 

20 

1-163 

10-88 

15-84 

42-4 

25 

1-212 

13-90 

19-80 1 

530 

30 

1-265 

17-52 

23-76 i 

64-2 

35 

1-321 

22-97 

27-72 1 

78-0 

40 

1-390 

27-50 

32-40 


It may be noted here that for every 31 parts of pure soda required in any operation, 53 parts of 
pure dry carbonate of soda, or 143 parts crystals (the soda-crystals or “ Scotch soda ” of commerce), 
are required, and that the corresponding quantities of caustic and carbonate of potash necessary to 
do the same work are respectively 47 and 69 parts by weight. With tliis basis, a simple proportion 
sum will show in any given form the quantity of alkali required for any purpose. 

It canuot be too strongly impressed upon the young soap-maker, however, that the indications of 
the hydrometer as regard the alkaline strength of bis leys are only reliable in the case of pure 
solutions. When the leys contain much carbonate, sulphate, or other alkaline salts, and especially 


common salt, as the “ half-spent ” leys always do, the 
quantity of alkali must be determined by a more scientific 
method. This operation consists in ascertaining how much 
acid of known strength is necessary to neutralize a given 
quantity of the leys, and is very fully described in books 
upon volumetric analysis or alkalimetry. It is also referred 
to in Alka li, pp. 301-2. The apparatus employed is chiefly 
a burette (Fig. 1237), with pinch-cock to regulate the flow 
of liquid, — and graduated, usually, into cub. cent. The 
standard acid solution may be crystallized oxalic acid 
(63 grm. in 1 litre or 1000 cc.), sulphuric acid, or even 
nitric acid. If oxalic acid of the above strength be used, 
every cc. corresponds to 0"031 grm. of soda. A known weight 
of the leys (or ash) to be examined is taken in a glass flask, 
diluted with, or dissolved in, water, a few drops of tincture 
of litmus added, the whole boiled, and the acid solution 
added little by little until, after a few seconds’ boiling, a 
permanent faint-red colour is obtained in the solution. The 
number of cc. used is then read off; and the proportion of 
soda (or potash) is calculated from this. It should be noted 
that, in this operation, all carbonate, aluminate, silicate, and 
sulphite of soda (or potash) test as “ available alkali.” The 
determination of carbonic acid may be effected in various 


1237. 



ways, the principle common to nearly all of them being to expose a known weight of alkali to the 
action of an excess of acid in a flask, under such conditions that the carbonic acid escapes in a 
dry state, and the loss in weight indicates its quantity. For further (fttails, as well as for methods 
of completely analysing leys or solid alkali, works upon analysis should be consulted. 

iinie."— It is very important that the lime used by the soap-boiler should be as pure as possible. 
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and it is highly desirable to use it when freshly burnt. When this cannot he obtained, it should 
be kept in well-closed casks, avoiding access of air, which contains carbonic acid, and therefore 
destroys its power of causticizing alkali. It should contain but little, if any, alumina, magnesia, 
or silica, and should “ slack ” readily with water ; in fact only what is technically called “ fat ” 
lime should be used. Since 28 parts of pure lime are equivalent to 31 parts of pure soda, the 
quantity of lime necessary for causticizing a given quantity of ash may be calculated, but in manu- 
facturing operations, at least 10 per cent, excess of lime should be used. A clear solution of 
lime in water may be used for testing the causticity of leys, since any carbonated alkali shows its 
presence by a cloudy deposit of carbonate of lime. 

Water . — The purity of the water employed in the factory is a matter of great moment to the 
soap-boiler. As a rule, spring-water should bo avoided, and river- or lake-water employed when- 
ever possible. If it contains suspended impurities, these should invariably be removed by sub- 
sidence or filtration. Organic impurities, if colourless, may be disregarded. The great enemies 
of the soap-maker are the soluble salts of lime of alkaline earths, and sometimes even of metals, 
occurring in natural waters, because all these bases form insoluble soaps in the soap-copper, and 
use up large quantities of fat to no purpose, since these insoluble soaps are of no market value 
themselves, and if disseminated in a marketable soap, injure its appearance greatly. The hardness 
of water may be determined by “Clark’s test,” in which an alcoholic solution of pure soap is 
employed. The amount of soap wasted by hard waters may be ascertained from this table, in 
which the hardness is supposed to be caused simply by lime salts. 


Degree of 

In 1000 lb Water. 

Soap decomposed 
by 1000 lb. 

Hardness. 

Lime. 

Gypsum. 

Water. 

5° 

lb. 

0-25 

lb. 

0-61 

lb. 

3-66 

10 

0-50 

1-23 

7-31 

15 

0'76 

1-84 

1112 

20 

101 

2-45 

14-75 


If no other than hard water is available, one of the various plans for softening it should be 
adopted under the guidance of a chemist, such as the addition to the water of milk of lime, either 
alone or with chloride of barium, or of silicate of soda. 

Salt . — As will be seen in the sequel, common salt plays a very important part in soap-boiling, 
and what has been said with regard to water applies equally to it. The purest kind is rock-salt 
freed from insoluble matter ; next in order comes salt from brine-springs ; while sea-salt contains 
so many other salts besides sodium chloride, especially magnesium chloride, that it should be 
avoided if possible. When that is not the case, it should be dissolved in water, and the magnesia 
removed by the addition of silicate of soda, when the insoluble silicate of magnesia should be 
allowed to subside before the brine is used. In connection with salt, it will be found convenient 
to remember that strong brine or a saturated solution of salt contains one-fourth its weight or 
25 per cent, of sodium chloride, that its sp. gr. is 25° B., and that if nothing else be present in 
solution, every degree Baume of sp. gr. corresponds to 1 per cent, of salt 

It will be convenient here to consider a certain physico-chemical property of soaps, of great 
practical importance to the soap-boiler. The property referred to is the behaviour of soap to 
various saline solutions, and- although not instrumental in the formation of soap, it is almost 
essential in separating the foreign matters that would otherwise render hard soap impure, and it 
Is also influential in controlling the amount of water in soap. Although soda soaps are soluble in 
water, they are not soluble in a solution of common salt, nor of caustic soda. If, therefore, common 
salt be added to a solution of soap (or even of partially saponified fat) in water, the salt dissolves, 
and turns the soap out from its state of solution, in small flakes which collect together, and 
float on the surface of the salt solution, by virtue of their less sp. gr. The same thing happens 
when a strong solution of caustic soda is added to soap in an aqueous solution, or, more gradually 
when a solution of soap in water containing excess of caustic-soda, or some amount of sodium 
chloride, is concentrated by the evaporation of its water, as when a soap-copper is boiled by fire 
or close steam. The addition of salt (or of strong leys), therefore, to soap containing an excess of 
water, removes the superfluous water, and in chemical language, precipitates the soap from it. 
Soap so precipitated contains 35-40 per cent, of water. When the fatty matter employed contains 
coco-nut- or palm-kernel-oils, more salt (or soda-leys) is required for this operation than when 
those oils are not used. 

It may also be noted here that if sodium chloride be added to a potash soap in solution, an 
interchange of acids and bases takes place, soda soap being formed, and potassium chloride left in 
the solution. This process has been actually used in Germany for the fabrication of hard Soaps. 
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Mantipactcbe. — Before proceeding to describe this on a large scale, wliere operations inTolving 
considerable mechanical, physical, and chemical knowledge are conducted with a view to produce 
the best possible article at the lowest cost, a short space will be devoted to instmctions for making 
small quantities of soap of inferior appearance, which will answer well for homely purposes, for 
the benefit of those living far from large towns, and who may yet have on their farms or stations 
many of the ingredients necessary for their production. 

For those who have plenty of fat or oil at command, but no alkali, the small canisters of pure 
powdered caustic soda and canstic potash, sold by the Greenbank Alkali Co., St Helen’s, will be 
found very convenient With these products, soaps can be made without any boiling. For a hard 
soap, dissolve 10 lb. of this soda in 4 gal. of water, and allow the leys to cool. Take 75 lb. of clean 
fat or oil, rendered fluid by heat if necessary, and when it feels just warm to the hand, add the leys 
to it in an uninterrupted stream, stirring well all the time; continue the stirring for 15 or 20 
minutes, and then set aside in a warm place for a day. In this interval, the soda reacts upon the fat, 
and turns out its glycerine, which remains in the soap. Any impurities in the fat used, or any salt 
or other extraneous substance, will be apt to spoil the operation. For soft soap, use 20 lb. of this 
caustic potash, dissolved in 3J gal. of water, and mix as above with 8f gal. of cotton-seed, fish, or 
other (non-mineral) oil. For a harder soap, one or more of the gallons of oil may be ri placed by 
10 lb. (or a multiple thereoQ of tallow. 

A very firm soap maybe made on a small scale from the oleic acid from candle-factories, known 
commercially as oleine or red-oil, by heating it to about 100° (212° F.), and adding thereto one-half 
its weight of caustic soda leys at 36° B. The combination takes place instantaneously, and it is only 
necessary to allow the soap to get cold, when it is fit for use. For the preparation of the leys, see 
p. 1767. They need not be perfectly caustic, but if any carbonate of soda be present, they must be 
of proportionately higher sp. gr., and the vessels employed must be c.ipacious, in consequence of the 
effervescence that occurs. 

Hard soaps may also be made on a small scale without boiling, by adding to a mixture of 2 
parts tallow and 1 part coco-nut-oil, or of 3 parts fallow and 2 parts coco-nut-oil, one-half its weight 
of caustic soda leys at 36° B,, the whole being at a temperature of 55°-60° (130°-140° F,); the 
mixing, after being well stirred, should be set aside for a day or two. Here also the presence of 
common salt is a serious obstacle to the combination. 

Soaps that require boiling cannot be well prepared in small quantities. Those who -wish to 
make them, however, would do well to study the description of the process on a large scale. In 
making small quantities of hard soap, it will be well to boil together the fat and the sorla leys 
previously well causticized by lime, and to calculate from the table on p. 1768 how much leys 
is necessary, taking as a basis that for every 10 lb. of fat, about 1 lb., or rather less, of pure soda 
(100 per cent.) is required. Combination will not take place unless the solution is quite weak, say 
12° B., and when it is effected, salt may be added to separate the excess of water. The salt should 
be sprinkled in gradually, time being allowed for each portion to dissolve, and when a small sample, 
taken out on a shovel and allowed to cool, separates into liquor and soap, enough salt is added • 
the boiling should then be stopped, and the whole allowed to repose ; in an hour’s time the 
soap may be skimmed off. Soft soap is more easily made by boiling on a small scale, since 
the process is the same whatever quantities of materials are employed. The reader is, therefore 
referred to p. 1776 for instructions under this head. 

In considering the manufacture of soap in large quantities, the subject may be conveniently and 
naturally divided under the following heads : — 

I. The apparatus and processes employed in effecting the chemical combination between the 
fatty matter and alkali, iucluding in this a general description of the mode of boiling (or otherwise 
preparing) soaps of different types. 

H. The machinery and mechanical and physical contrivances made use of in converting the 
chemical compound so produced into a marketable soap. 

HI. Ingredients and formulas for the production of special kinds of soaps for particular purposes, 
including toilet soaps, manufacturers’ soaps, &c. 

IV. Theory of the action of soap ; methods for its analysis and valuation. 

Y. General considerations of the industry— its location, prospects, legislative condition &c 

It will be convenient to treat, in the order of their complexity, the somewhat extensive ran o-e of 
subjects included under I., commencing with the simplest, and accordingly we find the following 
natural sub-divisions : ° 

la. Soaps produced by the direct union of fatty acids and caustic alkali, or by the decom- 
position of carbonated alkali by fatty acids. 

1 5. Soaps produced by the action of the precise quantity of alkali necessary for sapon^fiction 
upon a neutral fat, without the separation of any waste liquor, the glycerine being retained in the 
soap. This class includes— et. Soaps made by the “cold process,” p. Soaps made under pressure 

Ic. §oaps produced by the ordinary methods of boiling in open vessels, working with indefinite 
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qaantities of alkaline leys, the processes being controlled by the experience of the operator. 
These are again subdmded into — o. Soft soaps, in which the glycerine is retained, potash being 
the base ; fi. The so-called “hydrated” soaps, in which the glycerine is retained, and of which 
“marine” soap may be taken as the type : y. Hard soaps, with soda for a base, in which the 
glycerine is eliminated, comprising three kinds — curd, mottled, and yellow soaps. 

It may be noted that a very large proportion of all the soaps manufactured is included in this 
last and most complex subdivision, since practical experience shows that, all things being con- 
sidered, they are the most marketable. 

Full directions for the fabrication of these several kinds Will now be given, the paragraphs treat- 
ing of each being numbered to correspond with the above clasoiflcation. 

I a. In soaps made from fatty acids, the soda is used in the form of a refined carbonated ash at 
52° (that prepared by the Jarrow Co., Newcastle-on-Tyne, is recommended), every 100 lb. being 
dissolved in 160 lb. water in a lead-lined vat, and the solu- 
tion allowed to settle previous to use. The store-tanks of 
this, and of the fatty acids employed, are connected with 
small gauge-tanks or measuring-tubes (Fig. 1238), for the 
purpose of obtaining uniformity in the results by the use of 
exact quantities in every operation. For the delivery of the 
soda solutions into the soap-pan, a special feeder (Fig. 1239) 
is provided, closed with a movable tampon, by wuich the 
flow of liquid may be regulated at discretion ; a perforated 
rose-spout may be advantageously placed under the exit-pipe. 

The soap-pan in which the operation is conducted, 
shown in Figs. 1240-2, is jacketed, the inlet-pipe being at 
Z, and the steam is either superheated, or used at a pres- 
sure of 75-80 lb. Above the pan, is a movable curb O, with 
slide at m, necessary to give room for the intumescence 
caused by the liberated carbonic acid ; a wheel arrangement 
W enables it to be readily drawn aside on a railway behind 
the columns N, which support the gearing M. This gearing 
moves the stirrer R at the rate of 40 rev. a minute; the 
latter is made of wronght-iron, and is most efficient when 
the two sets of blades move in opposite directions ; when this 
is not the case, the pan itself should be provided with fixed 
traverses armed with vertical cross-teeth In making soap with this apparatus, 1000 lb. oil are run 
into the pan with the curb O in its place, and heated to 138°-160° (280°-320° F.), according to its 
quality. At this point, 190 lb. of soda ash for a neutral soap, or 210-225 lb. for a strong soap, 
dissolved in the proper quantity of water, and at 100° (212° F.), is let into the pan at such a spe^ 
that it occupies not less than 6 nor more than 12 minutes. The whole is well 
stirred meanwhile, and swells up enormously ; but 5 minutes after the last por- 
tions of alkali have been added, the mass subsides, and, in 15 minutes more, 
changes from a spongy to a clear, soft, brilliant, homogeneous paste. The curb 
is then removed, and, in about an hour, 100 lb. of Imiling water is let in from the 
rose-spout of the soda-feeder, and the whole is again well stirred ; if it be desired 
to mix silicate of soda or anything else with the soap, it is added at this stage, 
after which, the soap is transferred to the cooling-frames (pp. 1781-2), and a fresh 
batch is proceeded with. Soap thus made has the following composition : — Oleic 
acid, 65' 00; soda, 6 '7-7 '50; water, 27 '50. When rosin is used, it should be 
added to the oil while the latter is being heated ; or the rosin soap may be made 
in a separate pan, provided with a Morfit’s steam-twirl (Fig. 1243), in which the 
tubular blades of the stirrer are perforated to emit steam while the whole is in motion ; 1200 lb. 
rosin and 2200 lb. caustic leys at 11° B. are boiled together, and the thin jelly so produced is 
transferred in suitable quantities to other pans. It contains: — Rosin, 54 • 5; soda, 7'8; water, 
37'7. The apparatus described here is also suitable for several other kinds of soap, the steam- 
twirl, &c., being especially useful for making “hydrated ” soaps (p. 1777). 

I, h, a. — The so-called “ cold process ” consists in mixing given weights of fat, or a mixture of 
fats, previously melted at as low a temperature as possible, with caustic soda solution of a given 
sp. gr., the quantities of each being so adjusted that only just enough soda shall be present to 
completely saponify the fat. After thorough incorporation, the mixture is covered up, and allowed 
to stand. In a few hours, the chemical reaction commences, accompanied by considerable 
evolution of heat, and the soap is formed. After the lapse of 2 or 3 days, it is usually hard 
enough for use. It is obvious that soaps made in this way retain all the glycerine originally 
combined with the fatty acids, disseminated through the particles of so;ip. This, and the 
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comparatively low temperature at which the soap ia made, are the chief reaaous why &iB process 
is much in vogue for the cheaper kinds of toilet soap, since the perfumes employed are not 
dissipated by heat. It is found, however, that soaps thus prepared are very apt to contain an 
excess of alkali, and hence they are unavailable where perfectly neutral soaps are required. 

1240. 1211. 



Another objection is, that, as there is no opportunity of removing any extraneous matter, the 
materials employed must be of the purest, and as the soda leys are usually required in a con- 
centrated (and therefore expensive) form, the process is not so advantageous as at first sight 
appears. It is chiefly applicable to soaps made on a small scale; when larger quantities are 
operated on, a mechanical agitator, such as Hawes’ boiler, represented in Fig. 1214, is necessary. 
This, for operating on 2J tons of tallow, is a cylinder 6 ft. diam., 12 ft. long, with a central 
shaft provided with radiating arms, set in rotation by any convenient mechanism. Any saponifiable 
fat or oil may be used, and for every 100 lb. of the pure fat, 50 lb. of caustic leys at 36° B. should 
be taken. When these are not very pure, i. e. if they contain much extraneous soda salts, 
especially sodium chloride, saponification will not take place, unless some proportion (10 per cent, 
on the fat, at least) of coco-nut-oil be used. The following mixtures will be found useful for this 
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Nos. 1, 2, and 5 make good toilet soaps, which are improved if about | of the soda used is 
replaced by an equivalent quantity of potash. No. 4 with unbleached palm-oil gives a fine yellow 
soap, liable however to bleach in the light. No. 3 is given on the authority of Cristiani, who 
recommends the use of 100 lb. leys at 25° B. to the 210 lb. mixed fat and rosin. 

The time required increases with the amount of materials operated on at one time. The chief 
points needing attention are, to use pure materials, to avoid excess of alkali, and so to manage the 
temperature and the stirring as to make a complete mixture of the melted fat and leys, that will 
not separate before saponification takes place. 



1, 6, iS.— In this class, are the soaps produced by boiling under pressure. This process has been 
the subject of numerous patents at various times, all having for their object the shortening of the 
time occupied in the ordinary methods of open boiling (I. c.), and the saving of the salt employed 
therein. In this case, also, the quality of alkali employed, whether caustic or carbonate, is 
accurately adjusted to the fat to be saponified, and the glycerine is retained in the ultimate 
product : mixtures of any saponifiable fats and resins may be employed. The kind of apparatus 
used is shown in Fig. 1245 ; and it consists of a steam boiler provided with a man-hole and safetv- 
valve, with a feed-pipe A and discharge-pipe 0, and with a long thermometer B, in a pocket filled 
with paraffin. The proper quantities of fat and caustic leys are let in through A ; all taps are 
closed; a fire is kindled, and maintained until the thermometer rises to about 154°-4 (315° F.), 
equivalent to a steam pressure of 63 lb. a sq. in. When it has remained at this point for an 
hour, the tap at C may be opened, and the contents discharged into a cooling-frame D, by the 
steam pressure in the boiler. For a good yellow soap, 7 cwt. tallow. 3 cwt. palm-oil, 3 cwt. rosin, 
and 140-150 gal. caustic soda leys at 21° B. are recommended by the inventor, Dunn. Another 
formula is 800 lb. tallow, 200 lb. palm-oil, 400 lb. rosin, 175 gal. caustic soda leys at 25° B., for one 
hour at 122°'2 (252° F.), or 17 lb. steam pressure. It is obvious that this will make a drier soap, 
since leys at 25° B. contain less water than leys at 21° B., and that the quantity of water desir^ 
in this product can thus be regulated to a nicety. In 1865, Bennett and Gibbs, of Buffalo, New 
York, took out a patent for effecting this operation with carbonated alkali, thus avoiding the 
expense of causticizing. Their boiler is similar to that shown in Fig. 1245, but is placed 
horizontally, and provided with an agitator similar to that for Hawes’ boiler. The process 
requires a higher temperature and pressure than the previous one, ranging from 176° -6 to 204° -4 
(350°-404° F.), or 220-280 lb. a sq. in. The outlet-pipe is provided with a safety-valve, and the 
inventors state that if this be loaded to about 250 lb. a sq. in., and the raw materials be pumped 
in at one end, the process may be made continuous, finished soap coming from the outlet, produced 
in less than one hour from the introduction of the raw materials. The formula recommended is 
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for every 100 lb. of saponifiable fat, 30-33 lb. of aoda-asb of 48 per cent, dissolved in 100 lb. water. 
In the early stages of the process, the liberated carbonic acid is allowed egress by one of the 
safety-valves, and if any liquid escapes before a temperature of 163° (325° F.) is reached, it should 
be returned to the cylinder. The following advantages over ordinary processes are claimed : — 
(1) Sapidity of manufacture, (2) improvement in quality, (3) increased yield of soap, (4) economy 
of labour, (5) saving of fuel, (6) use of cheaper fatty material, (7) saponification of the whole of it, 
(8) uniform certainty of results, (9) retention of glycerine, and improvement of product thereby, 
(10) ability to use carbonated alkalL It is obvious, however, that the risk of explosion is not slight, 
and the practical difficulty of working the agitator at that temperature and pressure must be 
considerable. 

I, c, a. Soft Soaps . — The production of these is the simplest case of the process most usually 
adopted in the fabrication of soap, viz. boiling in open vessels, technically termed “ coppers,” with 
the aid of steam (either wet or superheated) or of fire, or of the two simultaneously. It will bo 
convenient, therefore, to describe here the construction and fittings of the various kinds of soap- 
coppers (or soap-pans), and the different modes in which steam and fire are applied to boil their 
contents. 

In the days when there was an excise duty upon soap, “ coppers ” were usually of what is now 
considered a very small size, and were constructed of cast iron ; they consisted of hemispherical 
pans, upon which were mounted as many cylindrical rings as were necessary to make the copper of a 




suitable depth, usually about twice its diameter ; the rings were joined to each other, and to the 
hemispherical bottom, with cement joints. There was no limit to their size, except the difficulty 
of making large castings, and they were usually encased in masonry, and fitted with fire-places and 
flues in the manner to be presently described for modern wrought-iron “ coppers.” In the case of 
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those boiled by fire (the only method until steam-boiling was introdnced), the hemispherical 
bottoms were very apt to crack from overheating, and from many other causes, which it is scarcely 
necessary to detail, as these pans are fast becoming obsolete. 

The removal of the excise duty in England, in 1853, gave an enormous impetus to the soap 
industry. Manufacturers were no longer deterred from making large batches of soap by the fear 
that, if they were spoiled, double duty would have to be paid when they were re-made and 
produced fit for sale ; and, as a natural consequence, numerous experiments were tried, both with 
the raw materials and the apparatus employed. Soap-coppers are now made of colossal size, those 
capable of turning out 50 tons of finished soap (112,000 lb.) at one operation being by no means 
uncommon, and some of the large American manufacturers have built even still larger coppers, 
requiring a building of 3 stories to contain them. Although it is desirable that those boiled by fire 
should be circular in shape, and not too large — say 20 tons capacity — the coppers whose contents 
are boiled by steam may be of any desired shape, circular, oval, or rectangular, provided that the 
steam-pipes be carried into the comers (if any), and be so arranged as to ensure uniformity of 
ebulUtion throughout the whole mass. There is no necessary proportion between diameter (or 
superficial area) and depth ; English soap-makers are more accnstomed to pans whose diameter is 
to their depth as 1 to 1, 1 to 1 "25, or 1 to 1 '5 (e. g. a pan 15 ft. diam. and 15 ft. deep will turn out 
25-30 tons of soap) ; while their American confreres, less trammelled by tradition, increase the ratio 
as far as 1 to 2, 1 to 2‘5, or even 1 to 3. 

Soap-coppers are now almost invariably built of wronght-iron plates, and rivettcd together in the 
place where they are eventu- 
ally tostand, Figs. 1246,1247 
show a simple form of copper 
for fire-boiling, with the fire- 
place, flues, &a . ; A B D C 
is the outline of the copper, 

C D being a circular renew- 
able plate, in the part most 
exposed to the action of the 
fire F. At E, are supporting 
lugs of cast-iron ; K L is the 
floor-level; H I, a steam- 
pipe ending in a perforated 
coil, steam being controlled 
by the" cock at G. Figs. 

1248, 1249 show a copper 
where steam ouly is used : 

A B is the floor line ; ODE, 
the copper, provided with a 
“ hat ” at E^ to receive im- 
purities that subside, and to 
enable spent leys to be re- 
moved completely by the 
draw-off at K. Another 
draw-off is fitted at L. Two 
steam - worms are provided, 

H, with cock F, whose coil 
is perforated, admitting 
“ open ” or “ wet ” steam 
among the copper contents, 
and I, with cock 6, in which 
high pressure or superheated 
steam is circulated, for use 
when it is desired to evapo- 
rate water. This last coil is nsnally omitted in the largest coppers, being only used in making 
curd and mottled soaps. 

An important adjunct to a soap-copper is a little piece of machinery for preventing the contents 
from boiling over, as they are apt to do when saponification is taking place, and also in a later stage, 
even after the steam is turned off. It is called a fan, and is represented in Figs. 1250, 1251 ; it 
consists essentially of a rotating paddle, whose blades just touch the top of the boiling mass. The 
motion is derived from an overhead shaft J, on which is keyed a bevel-wheel H, gearing into 
a similar wheel G ; this latter slides on a feather on the shaft P, being thrown in or out of gear 
by a fork E, to which is attached a rod C, actuated by links B and bell-crank A, in the boftom end 
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of which is an eye for attaching a cord which may be drawn to right or left. The lower end of 
the fan-shaft drives the over-shaft M, on which the fans N are keyed by means of bevel-wheels 
K L. The top and bottom of the fan-shaft are carried by bushes driven in at each end of a piece 
of stont 2-in. steam-pipe, and the pipe S is inserted in cast-iron frames Q R. Near the lower end 
of the pipe, is a shackle P, to which a rope or chain is attached for lowering or raising the fan, 
according to the surface of liquid in the copper. The whole swings on the axis of shaft J. 

The fabrication of soft soaps will now be described. Soft soap is a mure or less impure solution 
of potash soap mixed with glycerine in caustic-leys, and forming at ordinary temperatures a 
transparent smeary jelly, containing at times, and especially in cold weather, white grains, which 
are impure stearates of soda or potash. The most suitable form of copper for making it is shown 
in Fig. 1246. In England, whale-, seal-, and linseed-oils are chiefly used, and occasionally a little 
tallow to produce the grains, or “ figging,” just described, an appearance which serves no really 
useful purpose. On the European continent, hempseed-, linseed-, camelina-, and poppy-oUs are 
used, and also rapeseed- and train-oils, especially in summer, since they produce a harder soap. 
In America, cotton-seed-oil, and oleic acid, are often employed. Hempseed-oil gives a greenish 
tint much prized by consumers, which may be imitated by the addition of a little indigo 
precipitated by potash from its solution in sulphuric acid. 

A very desirable, but not necessary, adjunct to the soap-copper is a set of tanks of iron or wood, 
whose contents per inch of depth are known, in order that the quantities of oil and leys let into the 
copper may be regulated. In many large factories, the practice is to keep a strict account of the 
quantity of fatty matter and rosin used, but to control the amount of leys according to the 
judgment of the soap-boiler. Such gauge- and store-tanks may be in any convenient place, and 
pipes or open shutes carried from them to deliver their contents into the copper ; suitablb plugs 
and cocks control the flow of the liquid at the pleasure of the operator. 

To make an unsophisticated soft soap, a suitable quantity of oil is run into the copper, not 
exceeding J its total capacity; at the same time, potash leys at 9°-ll° B., not absolutely caustic, 
but retaining some potassium carbonate, are let in, and the steam is turned on, or the fire kindled, or 
both ; the fan may also be adjusted at the height beyond which the soap is not to boil, and the 
whole is carefully watched. If the copper has not boiled until a volume of leys has run in equal 
to that of the fat, the stream of leys should be stopped, and started again when the ebullition 
commences. If the oil and leys do not appear to have combined, the fire should be checked, the 
stream of leys stopped, and gentle steam-boiling continued until this is the case. It is very 
difficult, especially with rape-oil, to get the alkali to combine, but when once the process has 
begun, it goes on with tolerable rapidity with subsequent additions of leys. From time to time, 
small samples of the soap are dropped upon a glass plate, and after cooling at a temperature as 
near 8° (46° -4 F.) as can be obtained, are carefully examined. The soap is good if it is clear and 
translucent; a fatty border indicates deficiency of alkali; while if the sample be granular, grey, 
and lustreless, too much ley has been addetl, a fault that must be corrected by the addition of 
more oil, previously mixed with leys at 2° B. Should the sample separate on the glass into soap 
and clear liquor, the quantity of leys is excessive. If the combination be good, and alkali 
deficient, stronger ley (at first 15°-16°., then 23°-25° B.) may be cautiously added ; a sign of 
saturation, or rather slight excess of alkali, is the appeiirance of a striped skin, or ley-veins, on the 
surface of the sample. When it is judged that enough alkali is present, the steam is turned ofif, 
and a certain amount of water is evaporated by boiling the copper with fire, during which 
operation the bubbles get larger, the soap being almost laminated, and make so much noise in 
their escape that the boiler’s phrase is “ the soap talks.” 

When finished, a small sample must not glide or be slippery on the glass, nor must it draw into 
threads when worked up between the fingers and thumb; a very small ring should appear in the 
sample in 12-15 min., indicating the necessary slight excess of potash. The soap is filled into 
bairels while quite hot, and to promote rapid cooling of the mass, cold soap is often added. 

A somewhat shorter method, saving the evaporation in the later stages, has been introduced of 
late. For every 100 lb. oil, 200 lb. leys at 20° B. are required ; when liquid fats are used, this 
quantity is run in at the commencement of the operation ; with solid fats, J may be taken, and 
when thoroughly incorporated, the rest may be added, and the soap boiled as previously described. 

If it be desired to make a soft-soap in which some of the potash is replaced by soda, the 
proportions of the two leys must be accurately adjusted to each other, and to that of the fat used. 
Tiie process was first worked out by Gentele, and improved by Cristiani, who recommends for the 
saponification of oil by f potash and f soda the following formula 5000 lb. oil, 2674 lb. potash 
ley at 20 B., 740 lb. potash ley at 25° B., and 2353 lb. soda ley at 20° B. If enough steam be not 
condensed in the boiling, water may be added to make the whole weigh 12,500 lb. 

To produce a gramed soft-soap (or “ fig ), it is essential to use pure potash leys, and to employ 
some hard fat, the stearic or palmitic acids of which form potash salts whose crystallization 
pnxluccs the grains, within somewhat narrow limits of temperature, viz. 9° (48° -2 F.) and 1.0° 
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(50° F.). The following fat mixtnreB will produce it : — (a) 55 palm-oil, 45 oleic acid ; (5) 55 palm- 
oU, 15 tallow, 30 linseed-oil ; (c) 70 palm-oil, 30 linseed-oiL An artificial grain is given by clay 
starch, &c. 

Two kinds of genuine soft-soaps occur in commerce, whose composition is ; — 



I. 

n. 


per cent. 

per cent. 

Water 

50-5 

31-5 

Potash 

9-5 

11-5 

Fatty acids 

40-0 

50-0 


The question of admixtures with genuine soft-soap, after its fabrication has been completed, is 
one that demands the serious attention of both manufacturer and consumer. They may be divided 
into two classes : (1) those intended to increase the detersive power ; and (2) those added solely to 
cheapen the product. To the latter, belong clay, starch, fecula, glue, and a number of other 
fraudulent admixtures, whose detection will be dealt with under the bead of soap-analysis. The 
first class demands a few explanatory words, and contains chiefly two substances, rosin, and 
silicate of soda or potash; the manufacture of the latter, and their use in hard soaps, are 
described on pp. 1786-7. For soft-soap intended for household and laundry purposes, rosin may 
be substituted for part of the saponifiable material (to the extent of 10-15 per cent, upon the total 
oil used) without injury, and, in some eases, with actual benefit ; in the same class of soaps, the 
addition of silicate (or carbonate) of potash or soda certainly increases the detersive power, 
especially where hard water is employed. Most of the soft-soaps made, however, are used by 
woollen manufacturers, for wool-washing, fulling, scouring, and sizing, and there is no doubt that 
the best soap for these purposes is a genuine potash-oil-soap. Experience has shown that the 
addition of rosin has an undesirable effect upon the fibre, and that the presence of soda in any form 
is absolutely injurious to it. Wool in its natural state is lubricated by “ suint,” which contains 
nearly 50 per cent, carbonate of potash, and scarcely a trace of soda ; it is evident therefore that in 
discarding soda, and using potash, the manufacturer follows the teachings of nature. The use of 
silicate of potash is injurious, since it attacks the fibre of the wool, and in some cases by its 
decomposition, even deposits silica therein, greatly to the detriment of the ultimate fabric. So 
much injury has been done by the use of unsuitable soaps, that many woollen manufacturers have 
been driven to make their own, thereby, as they think, ensuring purity. This, however, is also a 
hazardous proceeding, and it would be really more to their interest to state their exact wants, and 
to pay a proper and fair price for a soap carefully made with all the appliances and knowledge of a 
large soap-factory, than to run the risk of using a product in which, from want of practice or 
knowledge, a serious oversight had occurred. The excessive desire for cheapness on the part of 
purchasers has done more than anything else to depreciate the quality of soft-soaps (and of others). 
Further general remarks on this subject, and upon the desirability of purchasers buying soaps 
whose composition is guaranteed by analysis, will be found on pp. 1793-4. 

I, c, $. — The method of making “ hydrated ” soaps is very similar to that just described. Fatty 
matter and (soda) leys are run into the copper, and the whole is boiled together, care being taken 
to avoid an excess of alkali at first; when saponification has taken place, leys are cautiously 
added until the soap tastes very faintly of caustic alkali, when the operation is finished, and the 
soap is ready to be transferred to the frames. Marine soap, for use with sea-water, is made in this 
way, the fatty matter being entirely coco-nut-oU, and the leys being usually at 20° B. This soap 
is soluble in weak brine, which other soaps are not (p. 1769). It is difficult to make the 
saponification begin, but once begun, it proceeds with extraordinary rapidity, the united mass of 
oil and leys swelling up almost instantaneously to many times its volume. In connection with 
hydrated soaps, Blake and Maxwell give the following table for the quantity of soda leys necessary 
for their manufacture : — 

100 lb. tallow require 3800° at 11° B. 


If 

coco-nut-oil 

>» 

4100° 

» 

16°-20° B. 

»> 

palm-oU 


3200° 

»» 

18°-22° B. 


lard 

>» 

3400° 

>1 

13° B. 


tallow oleine 


2800° 


18°-22° B. 


olive-oil 

tr 

3000° 

*) 

16° B. 


To use this table, divide the larger number of degrees by the smaller, and the quotient is the 
number of lb. of soda leys at the gravity of the divisor, required to make a hydrated soap with 
100 lb. fat. 

I, c, y. — Sard soaps, with soda for a base, made by open-pan boiling, in which the glycerine is 
eliminated. This class probably includes 90 per cent, of the total soap made in English-speaking 
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countries, and may be divided into three kinds, curd, mottled, and yellow. The coppers for their 
production have already been sufficiently described, but a necessary and hitherto unused adjunct 
must now be explained, viz. the pumps required for changing the leys beneath the soap. They 
may be placed inside the copper, or outside, and, in this latter case, are connected with the outlet 
pipes at K L, Pig. 1248. For small pans, a simple band suction-pump answers ; for larger ones, a 
single- or double-acting lift- or force-pump may be placed inside the copper, and worked by hand, 
or by an eccentric on a shaft. In large soap factories, some form of centrifugal pump will be 
found very useful; the usual objection to the use of these pumps, viz. the need of constant 
lubrication, being obviated by the feet that, so employed, they lubricate themselves. Their great 
advantages are the absence 
of valves and of easily de- 
ranged working parts, and 
the large amount of work 
they will do in a short time. 

In England, the names of 
Gwynne and Appold have 
long been connected with 
centrifugal pumps ; in 
America, the one most 
usually employed is Hersey’s 
patent rotary soap - pump 
(Hersey Bros., Boston, 

Mass.), which is represented 
in Figs. 1252, 1253, and 1254. 

The pump should be placed 
as little as possible above 
the outlets in the coppers, 
and connected therewith by 
2}-in. iron pipes, provided 
with valves. The pipes -in- 
side the copper, communi- 
cating with the outlets, have 
swing joints, so that they can 
be raised or lowered at pleasure. To avoid the pipe-system becoming choked by soap congealing 
in it, a steam-pipe should be inserted at one end, to warm the pipes and pnmp previous to use, 
and to “ blow-out” all their contents at the end of the operation. In the figures, S is the suction- 
pipe ; H, the delivery ; F, the blades set upon a cone (the rotation of which in the closed case pro- 
duces the pumping), which is kept in its place by adjustable set-screws. This pump will transfer 
to any desired part of the factory, leys, melted fat, finished soap (if not too stiif), “ nigre," and 
soft curd. The diameter of the pump is 10 in., of its outlet 2J in.; when making 120 rev. a 
minute, it will pnmp 6000 gal. an hour, its contents being twice emptied in each revolution. 

Whatever kind of hard soap is to be made, the first stages of the process are the same for all ; 
but since a curd or a mottled soap requires the use of fire or “ close ” steam to evaporate water 
during the final stages, it is desirable to commence making those in coppers so provided, and either 
high-pressure or superheated steam may be used in the close-steam worm. Yellow soaps may be 
made in coppers furnished only with an “ open ” or “ free” steam worm. A useful addition to any 
copper, giving more room to boil, and hence adding to its capacity, is a “curb,” or ring 2-3 ft. high 
loosely fitted on in segments above the angle-iron of the top ring of the copper itself, and capable 
of easy removal. If, as in Fig. 1248, the copper project 2| ft. above the fioor, a “ curb ” 2J-3 ft. 
high may be conveniently added, and the fan adjusted so that its blades revolve about 1 ft. below 
the top of the curb. 

To commence a boiling of hard soap, melted fat and caustic soda leys (hereafter only called 
leys) at about 11° B. are simultaneously run into the copper, and the steam is turned on ; the same 
precautions to prevent an excess of leys must be observed as are detailed in making soft soap 
(p. 1776) : if leys stronger than 12° B. be used at this early stage, saponification will not take place. 
When the contents of the copper present the appearance of a homogeneous magma or paste, leys of 
a higher sp. gr., say up to 25° B., may be cautiously added, but it is not essential to do so. The 
boiling, and the addition of fat and leys, must be continued until a small sample cooled between the 
fingers has a tolerably firm consistence, and when applied to the tongue, no caustic taste, or only a 
very faint one. Should there be a strong taste (or ‘■touch,” to use the American term), or should 
the sample separate into soap and liquor when squeezed, too much ley has been admitted, and more 
fat must be added. Should the sample be soft and greasy, more leys are required, especially if any 
unsaponified fet be visible ; occasionally the two conditions obtain, both caustic liquor and fat 
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appearing in a sample, which is evidence that combination has not taken place ; the remedy is 
more boiling, vrith occasionally the addition of water. Practice alone wUl enable the operator to 
judge of the completion of this first operation, called “ pasting ” (French, empdtage). In English 
phraseology, it is called “ killing the goods ” or raw material, and the soap is then said to be “close ” 
or in a “ hitch ” or “glue.” In this condition, the soap should contain about of the total soda 
necessary for complete saponification, with a large excess of water, which is separated from it by 
the next operation. 

Separation (French, relargage). — To effect this, a quantity of common salt is sprinkled into the 
copper while still boiling, or the strongest brine (24° B.) is run in. Since the quantity necessary 
depends entirely on (1) the sp. gr. of leys used in the last operation, (2) the amount of condensed 
water where free steam is used for boiling, and (3) whether there is much coco-nut- or palm-kernel- 
oil in the fat employed (p. 1769), no directions can be given as to how much salt should be added ; 
the addition should be made cautiously and gradually (taking care to allow time for the solution 
of the salt), and continued until a small sample removed upon a spatula or trowel allows dear 
liquor to run from it. During this operation of “ graining,” the contents of the copper are very apt 
to boil unsteadily, and occasionally to boil over with great violence. When this point is reached, 
the whole process should be stopped, and, the steam being turned off, the copper should stand at 
least 2-3 hours. Its contents then divide themselves into two portions, the upper consisting of soap- 
paste holding about 40 per cent, water, and the lower of a solution known as “ spent leys,” con- 
taining common salt, any carbonate and other soda salts present in the original leys as impurities, 
and nearly all the glycerine of the fat employed (see p. 1800). It should contain no caustic 
soda, and no soap or saponifiable material ; if it contains the latter, enough salt has not been used. 
For the presence of caustic soda, a sensitive tongue will be found a sufficiently delicate test, while 
the addition of a mineral acid will throw up a scum of fatty matter, if any be present ; it wiU also 
be found useful to observe the sp. gr. of the spent leys, as a means of controlling the amount of salt 
used. After the copper has stood for some hours, the spent leys should be pumped off, and, if there 
is then sufficient room, more fat may be run in, and the whole operation repeated ; at this stage, the 
rosin is usually added for a yellow-soap, being broken into lumps, and shovelled in, unless it 
is combined with soda in a separate copper, and mixed with the fat-soap on the next operation. 

Clear-boiling (French, coction). — AU the goods having been “ killed,” and the spent leys removed, 
a small charge of leys at about 12°-14° B. is run in, and the copper boiled for 2-3 hours ; at the end 
of this operation, the soap should have a faint but decided caustic taste, and a small sample on a 
spatula should allow clear leys to run off it ; if this be not the case, more, and in some cases stronger 
leys, must be added. This operation communicates additional soda to the soap, and washes out, as 
it were, some of the salt entangled in it. After some hours’ subsidence, the “ half-spent ” leys that 
sink to the bottom are pumped off, and may be used in another copper for “killing” more fresh 
goods ; the soap from such leys, however, will be of an inferior colour. 

The next stage of this operation is to boil the copper with open steam ; if the contents are not 
perfectly homogeneous, and in a state resembling a stiff paste, i. e. if the copper be not “ close,” but 
have a tendency to separate into leys and soap, when examined on a spatula, the sp. gr. of the 
entangled leys is reduced by the addition of water, until the desired condition is reached. A small 
stream of leys at about 12° B. is then allowed to trickle in, until the homogeneous paste again 
separates into fiakes of soap and clear leys, boiling being continued all the time ; the soap should 
now taste strongly of caustic soda, and feel hard when cold ; this operation is technically called 
“ making ” the soap, and when enough leys have been run in, boiling should be continued for some 
hours, to ensure complete saponification, since it is difficult to make neutral fats take up the last 
portions of soda. The large coppers previously alluded to require a whole day (12 hours) for this 
operation. 

The operations above described, may in experienced hands be some^fhat reduced in number and 
time, but much greater care is then required. By the proper use of leys of various strengths, and 
of salt, it is possible to “ kill ” 40-50 tons of mixed tallow and rosin in one copper in a day— to 
dispense with the next operation — and to “ make ” the copper on the day following, finishing it on 
the third day. The mode of finishing depends entirely on the kind of soap required. 

Curd Soaps. — The raw materials for curd soaps should contain no rosin, and but little, if any, 
coco-nut- or palm-kemel-oil, but any other oils or fats may be used. White curd is usually made 
from tallow or lard, or a mixture thereof; brown curd, from bleached palm-oil, or kitchen-grease, 
or bone-tallow ; and manufacturers’ curd-soaps, from various fats. When the soap is “ made,” the 
open steam is shut off, and the boiling is continued either with fire or with close-steam ; this 
concentrates the leys, and the flakes of soap gradually approach the spherical form. From time to 
time, the boiling is stopped, the sp. gr. of the leys is observed, and a sample of the soap, from 
which the leys have been allowed to separate, is put out to cool. When it is sufficiently hard, the 
boiling is finally stopped, and after a few hours’ subsidence, the soap is ready to be remov^ ; the 
amount of water left in it varies inversely as the sp. gr, of the leys in which it is boiled. 

5x2 
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Mettled Soaps. — The term is here used to denote the old-fashioned card-mottled soaps, not 
those marhled with blue, grey, or red, which have appeared in the English and foreign markets 
within the last 20 years, and which are described on p. 1787. In the fabrication of soap, it 
is impossible to avoid entirely the presence of earths and metallic oxides. These consequently 
decompose a small portion of the soap, combining with its fatty acids, and forming soaps 
of lime, magnesia, and iron (from the “ coppers ”), which are insoluble, but softened by heat, 
and disseminated in a state of minute division through the soap-paste; any slight impuritiesl 
in the fat employed, when not dissolved in the caustic soda solution, are similarly diffused. If, 
after a soap is “ made,” the leys in which it is suspended are concentrated to a point short of that 
necessary to produce hard curd-soap, and it is then transferred to the cooling-frames, with a 
certain quantity of leys entangled in it, these insoluble particles wUl, during the solidification of 
the soap, collect together, and produce the appearance known as “ mottling.” No rule can be 
given for the point of concentration; it varies with the fat used, with the amount of leys in the 
copper, with the quantity of salts other than caustic soda in them ; and in short, the proper 
“ mottling condition ” is a physical one, chemical tests being of no use in deciding it. Nothing 
but practice and careful observation can make a successful mottled-soap boiler. The principle of the 
process has been clearly laid down, and the various formiilm given in books, involving in many 
instances several changes of leys, are but different modes of arriving at the game result, viz. the 
suspension of pure soap, and of soaps of the metallic oxides, in soda leys of a given sp. gr. If 
the toap be boiled too long, it “ sets” in cooling before the mottling has had time to aggregate ; if 
it is not boiled enough, an undue quantity of leys remain in the soap ; but, from their mode of 
manufacture, mottled-soaps always must contain some leys in the cavities between the curds ; 
hence they are the most suitable and really economical scaps for hard waters. It not unfrequently 
happens that the copper does not contain enough metallic soaps, &c., to produce a definite mottle. 
In this case, some “ mottling ” is added ; for a grey, Frankfort-black, or very finely levigated 
black oxide of manganese, may be used; the peculiar greenish mottle which becomes red on 
exposure, characteristic of Marseilles and Castille soaps, is produced by adding some solution of 
protosulphate of iron to the copper when it is nearly finished (about 4 oz. of the salt to 100 lb. fat) : 
the precipitated protoxide of iron suspended in the soap is greenish, but becomes peroxide in contact 
with air, to which the change to a red colour on exposure is due, 

lu England, mottled soaps are usually made from kitchen-grease and from bleached palm-oil. 
In Marseilles, from mixtures of various seed-oils, of which olive-oil is the principal, and cotton- 
seed-, poppy-, hempseed-, gingelly-, and ground-nut-oils are frequent components. In these 
mottled soaps, little or no coco-nut- or palm-kernel-oil should be used, although such oils form an 
almost essential constituent of the new mottled soaps referred to above. 

Yellow Soaps. — The finishing operation for these is termed “ fitting ” in England, and liquidation 
in Prance, and requires considerable judgment on the part of the operator. After being thoroughly 
well “made,” the copper stands at rest for at least 12 hours; the half-spent leys are then pnmped 
off, and the open steam is turned on. When the copper is again boiling, it should be continued so 
until its contents are perfectly homogeneous (the time depending much on the size of the copper), 
and the soap should then be examined with a clean trowel. When in proper condition, a thin layer 
should drop off a hot trowel held edgeways, in two or three fiakes, leaving the metallic snr^e 
quite clean ; but if, as is more probable, the layer breaks up into several small fiukes, and the soap 
is stiff, water should be cautiously added, to reduce the sp. gr. of the still-entangled leys. If, on the 
other hand, the film will not leave the trowel at all, a small quantity of strong leys (say 15°-20° B.), 
or of brine, may be cautiously added, to cause it to do so. In the first case, the “ fit ”^is said to be 
“ open ” or “ Cl arse ” ; and in the second, to be “close” or “fine.” Here, again, practice and 
observation alone enable the operator to obtain “ a good fit,” and when it is obtained, the steam is 
turned off, and the whole is flowed to stand. The copper is then covered up with planks, or an 
iron cover, and kept as warm as possible ; small coppers may stand a day or two, large ones as long 
as a week. During this period, the contents arrange themselves in three layers, (1) a light crust 
full of air bubbles, technically called “ fob,” (2) the finished or “ neat” soap, forming about J of the 
whole, (.S) tlie “ nigre,” which is an impure solution of soap in leys, and contains all the impurities 
present in the copper. The size of this last depends entirely upon the character of the “ fit.” A 
fine fit gives a very large nigre, containing much soap ; while a coarse fit gives a small nigre, 
composed chiefiy of impure leys. The English practice is to fit rather “fine,” competition among 
the various makers for purity and colour being excessive ; while the Americans are usually content 
with a coarse fit. 

The finest yellow soaps are made from the best tallow and rosin, which last is an essential 
constituent of them ; in some cases, lard, or lard-stearine, is used. Inferior qualities may be made 
from the nigres of better sorts, from bleached palm-oil, gi eases of all kinds, and in fact any saponi- 
fiable ^olid fat ; fiuid oils must be used, if at all, in small quantities and with caution. The 
proportion of rosin may vary from of the total fat, to an equal weight, or even more, according 
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to the quality of soap required. In England, the very best quality is known in the trade as 
“ primrose,” and is made from the finest (unbleached) tallow and “ window-glass ” rosin ; the 
lowest grade of brown from the nigres of the grades above, mixed with curriers’ grease, leather 
tallow (“ sod-oils ”), and other dark and foul but bard fats, with black rosin. 

The soap having been finished in the copper, the next stage is to transfer it to the cooling- 
boxes, or “ frames,” as tliey are usually called. Curd soaps should always be carefully skimmed off 
the leys by ladles, since they are too stiff to pump, and most mottled soaps are in this condition 
also : if, however, much leys be entangled in them, and the curd be flat, they may be pumped out. 
In large factories, fitted soaps are invariably transferred to the frames by suitable pumping 
machinery. A peculiar method of emptying coppers that contain perfectly homogeneous soaps, 
without any nigre or leys beneath them, was invented by Gossage, and is represented in Figs. 1255-6. 



An air-tight cover is screwed on to the copper, and a 
blast of air is turned in through A ; the pressure thus 
exerted forces the soap out through the delivery-pipe 
B in a continuous stream, until the lower end of that 
pipe becomes uncovered, when air rushes through it- 
This is chiefly used for the “blue-mottled” soaps, 
described on pp. 1787-8. 

Soap-frames are of two kinds, according as it is de- 
sired to cool the soap slowly or quickly. In England, the 
internal measure of both is 45 in. x 15 in., a relic of the 
days when a duty (removed in 1853) was levierl ; the 
width of this makes the length of the English bar of 
hard soap. Where slow cooling is required, as is always 
the case with mottled soap, wooden frames, usually made 
of pine, are always employed. Their general appearance 
is shown in Pig. 1257 ; each section or “ lift ” (2) is lined 
with thin sheet-iron, the wood being 2J-3 in. thick, and 
the several sections, each about 9-12 in. deep, should fit 
closely upon each other when piled in a series (1). The 
bottom of the frame (3) may be made of wood or of brick ; 
in the case of curd-mottled soaps, it is convenient to have 
a well in the bottom, to receive the leys which drain from 
the soap, especially if, as is frequently the case, the frame 



is 20-30 ft high. Most curd and all yellow soaps are 

cooled rapidly in cast-iron frames of any desired shape and size. Figs. 1258-9 show a longitudinal 
section and plan of a form frequently adopted in England, which is almost water-tight; the super- 
ficial measure is 45 in. x 15 in., and the height 50-60 in. The four sides are held together by 
bolts and nuts, and when the soap is cold (i. e. after the lapse of 3-7 days for this size), these are 
unscrewed, the sides are removed, and a solid block of soap is left standing on the bottom of the 
frame. This may be at once cut up into slabs and bars, or may be slid away bodily to store. 
Occasioually such frames are mounted upon wheels, for convenience of transport about the factory. 

When it is desired to cut the soap, the sides of the block are marked with a scribe. Fig. 1260, the 
teeth of which are set at the thickness desired for the bar of soap. A brass or steel wire is then 
taken by two men, and drawn through the block. Fig. 1261, which is thus divided into slabs ; 
these are at once removed to a machine which will divide them into bars. The cutting-machine 
usually employed in England is shown in Figs. 1262-4. The cutter itself is worked by a lever- 
frame L, which contains wires, or, for very hard soaps, thin steel knives i ; the slab is placed lon<d- 
tiidinally and nearly upright on the base-board />, and the lever-frame is then drawn through it. 
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The bars thus fonned fall back npon the shelf / behuid, whence they may be removed and set 
aside to get cold. Before repeating the operation, the lever-frame mnst be raised and hitched in 
its place by the spring-catch c. The bars, when removed from the machine, are piled across each 
other in “ open pile,” in snch a way that air freely circulates among them. When thoroughly 


1259. 
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wires are shown at D. Van Haagen, of Cincinnati, has devised a machine for dividing a frame of 
soap into bars all at one operation, and various slabbing-machines have been invented, none 
of which, however, has come into very general use, and they will not be further described. 
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and dies for their production. The 1-lb. and blocks are often “ semi-cnt,” so that they can be 
readily divided into two J-lb. and J-lb. pieces respectively. The simplest monlds are usually cast 
in brass, each tablet requiring two, producing an upper and an under surface ; but occasionally a 


1269. 



mould-box a 5 with hinged sides is employed, with a screw-press, such as is represented 
Fig. 1269. With the ordinary tablets, it is necessary to slightly dry them superficially, and 
give them a very thin coating of oil, that they may not stick to the die. The simplest form of 
hand-press will stamp upwards of 600 

}-lb. pieces an hour. For larger tablets, I 2 n. 

a foot-power press is desirable, such as 
that made by W. H. King, Philadelphia. 

All large manufacturers, however, 
employ some form of steam-power 
press ; one made by Neill Sc Sons, 

St. Helens, Lancashire, England, is 
shown in Fig, 1270. By moving the 
handle A, steam is admitted into the 
bottom of the steam-cylinder’ D ; the 
piston being forced up the cylinder 
lowers the die E into the die-box F. 

The rod attached to the lever at B 
works in connection with a die that is 
always in the die-box and attached to 
the spindle C, having a slot for the 
lever to work in such a maimer that 
when the piston is at the bottom of the 
steam-cylinder the bottom die is at the 
top of the die-box, and when the piston 
is at the top of the cylinder the bottom 
die is at the bottom of the die-box r 
thus the stamped tablet, being raised 
out of the die-box at each stroke, can 
readily be removed. The great advan- 
tage of the lever working the steam 
valve is, that the attendant must 
take his hand &om the dies before the 
blow is given, thus preventing acci- 
dents arising through the blow being 
given when the hands are at the dies. 

Another form (Fig. 1271) is made by Hersey Bros., Boston, and with it a smart workman can 
mould 2Q00 cakes an hour; it is supplied with steam at 20 lb. pressure through a tin pipe. 
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Hitherto, in treating of the fabrication of aoap, gennine, nnsophisticated, or '’neat” soaps, 
containing not more than 32 per cent, of water when freshly made, have been described. It now 
remains to deal with the varions substances which are mixed with soaps after they have been 


removed from the copper, by almost every manufacturer, and the mode of their incorporation, 
known in the trade by the suggestive name of “ filling.” These may be classed under two heads. 
The first class, which will be considered somewhat in detail, comprises all those soluble alkaline 
salts, such as silicates and carbonates, added to soap to increase its detergent power ; between the 
two classes may be placed water, which is always present to a greater or less extent in “filled ” 
soaps, and simply reduces their actual value and economical use ; while the second class includes 
aU insoluble substances, snch as clay, steatite (i. e. soapstone, or magnesian silicate), powdered tale. 


sulphate of baryta, starch, fecnla, 
and all soluble substances, such 
as glue and gelatine, which have 
no detergent power in themselves, 
and ate simply added to increase 
the quantity of water in soaps, 
or as mere adulterants or make- 
weights. (A notable example of 
this is the use of day or steatite, 
5 or even 10 per cent, of which 
may be mixed with soap with- 
out its ’presence being apparent 
to the eye.) For obvious reasons, 
only the use of the first class 
will be described in the present 
article ; but further remarks on 
the subject, and methods for 
detecting and determining the 
quantity of these adulterants, 
will be given under the head of 
Analysis of Soap, pp. 1794-6. 

With the exception of the 
silicated mottled (blue, grey, 
and red) soaps, a special descrip- 
tion of which will be given, all 
“ filled ” soaps are made by in- 
corporating the soap-paste fresh 
from the copper with the “ fill- 
ing,” at a temperature of about 
77° (170° F.). On a small scale, 
this maybe readily done by stir- 
ring the two together in the 
soap -frame with a “crutch,” 
which is a perforated piece of 
wood or iron, whose flat side is 
attached at right angles to a 
pole, by which it is moved by 
a man vertically up and down in 
the frame. When many tons 
have to be mixed, however, ma- 
chinery in some form must be 
employed, and the choice of the 
form thereof depends upon the 
probable consistency of the mix- 
ture. Whatever form be decided 
upon, it is quite essential that 
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it should not merely mix the soap in one plane, but that the contents of various planes should 
be intermingled ; simple rotation of arms at right angles to a vertical shaft is therefore insuf- 


ficient. 


Such an arrangement is shown in Figs. 1272-3. The blades E of the mixers are set at an angle 
of 45° on the shaft A B, at the top of which is a pair of bevel-wheels, with fast and loose pulleys 
C D ; F is the discharge-hole, provided with a valve for drawing off the stiff soap. At G G', are 
portions of the mixers and scrapers in section. It is desirable, but not necessary, that there should 
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be some means of controlling the temperature of the tanks or vessels in which the “cmtching” 
(as this mixing process is technically called) is carried on. Close steam-worms or steam-jackets 
are very suitable for this purpose ; they should in all cases, however, be cased with a non-conductor, 
to prevent loss of heat by radiation. 

Where very stiff soap has to be cmtched, probably the best arrangement is an archimedean 
screw, which is very largely used in America, where most of the soap made is very stiff; this lifts 
np the various layers most effectually, and is most conveniently set inside a jacketted cylinder, 
whose height is about IJ times its diameter. For cmtching soaps that are somewhat t hinn er, such 
as are usually made in England, the cratching-machinery designed by Neill & Sons, St. Helens, 
Lancashire, is very suitable. 

One of the earliest methods of cheapening, hardening, and increasing the detersive powers of 
soaps was that proposed by Dr. Normandy, who mixed “ neat ” soap with crystallized sulphate of 
soda, previously melted in its own water of crystallization. The salt re-crystallized in the soap as it 
cooled, and the soap was thereby considerably hardened, so that it wore better in the wash-tub 
when rubbed upon clothes, and in this way its detersive power was mechanically increased, although 
sulphate of soda as such, being a neutral salt, had no detersive power of its own, and its addition to 
soap really diminished chemically the percentage of soda available for washing. These soaps 
usually effloresced with a white powder, and gradually fell out of use, especially as raw fatty 
matters became cheaper. 

It was then discovered that the addition of carbonate of soda, or “ sal soda,” has a remarkable 
effect in stiffening and hardening soaps to which it is added in a state of strong solution ; it also 
increases chemically its detergent power. This process is very largely employed in America ; the 
amount of soda used depends upon the raw materials from which the soap was made, and upon the 
quality of the desired product ; a very usual proportion is 1 cwt. carbonate of soda crystals (melted) 
to every ton of soap. Not unfrequently, a solution of pearl-ash (impure carbonate of potash) and 
common salt, mixed in varying proportions, at a sp. gr. of about 30-35° B., is used for a similar 
purpose. 

Silicated Soaps . — The discovery of methods of manufacturing on a large scale soluble silicates 
of soda and potash, gave a very important impetus to the soap-trade, since these substances are 
peculiarly suitable for the purposes now being described. The first application on a large scale 
was the production of soaps by Ohristr. Thomas & Bros,, of Broad Plaiu Soap and Candle Works, 
Bristol, containing both siUcate and sulphate of soda, and by these means they were able to produce 
in 1856 a soap of very great detersive power, which could be sold retail at less than the duty on 
soap, which had been removed a few years previously. It is usually supposed, however, that the 
value of silicated soaps was first publicly and officially recognized at the International Exhibition of 
1862, when a prize medal was awarded to W. Gossage and Sons, Widnes Soapery, for their samples. 

It will be convenient, therefore, to describe here shortly the process of manufacture and pro- 
perties of the silicates of soda and potash. These compounds, known also as soluble glass or water- 
glass, may be prepared either by the dry or wet methods. The first is usually adopted by Gossage, 
Crosfield, and others ; it depends on the fact that, at high temperatures, silica plays the part of 
a very strong acid, capable of displacing acids much stronger than it at ordinary temperatures. 
On the clean hearth of a reverberatory furnace, 9 parts of soda-ash at 50 per cent, soda are fused 
with 11 parts clean white sand, or (for the potash salt) equal parts of carbonate of potash and sand. 
The product may be sold in the dry state, or may be dissolved in boiling water ; not unfrequently 
boiling under pressure is necessary to effect complete solution. If the solution be too alkaline, it 
may be boiled with rosin, or a fatty acid, or it may be treated with a mineral acid, either liquid 
or gaseous. Instead of carbonate of potash, a mixture of “ salt-cake ” (sulphate of soda) and coal 
may be fused with sand, and the mixture decolorized by arseniate of soda (i. e. a mixture of 
white arsenic, nitrate of soda, and soda-ash), but a much higher temperature is required in this 
case, and the wear and tear of the furnace is very great. 

For purposes where uniformity of composition is important, it is far better to employ the wet 
method, as is used by Kan some for artificial stone, and by Ohristr. Thomas & Bros., Bristol. In 
this case, white sand or calcined flint is put into a Papin’s digester, with a solution of caustic soda 
at about 12° B. Steam is turned into the jacket, and maintained there at about 25-30 lb. a sq. in. ; 
occasional samples are drawn off by a try-cock, and when aU trace of causticity has disappeared, 
steam is turned off, and the contents are “ blown out ” into tanks where a few hours’ subsidence 
deprives the solution of all suspended impurity. It is then about 24° B., and may be concen- 
trated, if desired, as far as sp. gr. 1-700. Any mechanical arrangement that moves the flints 
about, facilitates their solution. Made in this way, the silica and the soda bear to each other a 
very simple, but a very constant, ratio, viz. 2 to 1, and hence great uniformity of composition is 
obtained, which is not always the case when soluble silicates are made in the furnace. The com- 
pound is usually sold in solution at 140° Tw. (sp. gr. 1-700), and should scarcely vary from this 
composition : — 
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Silica .. 
Soda .. 

Other soda salts 
Water .. 


33 '00 per cent, to 32’00 
16-50 „ 16-00 

2-50 „ 3-00 

48-00 „ 49-00 


100-00 100-00 

Solutions of silicate of soda, containing a larger proportion of silica than 2 to 1, cannot be concen- 
trated so far, but are very suitable for many soaps ; those containing less sUica than 2 to 1 are 
unsuitable for all soaps, and should be carefuUy avoided. 

Silicate of soda may be mixed with almost any kind of soap, but the strength of the solution 
employed must be varied according to circumstances. Very weak solutions are often added to 
“ neat yellow soaps,” and when employed in this way, it is a good general rule, ceteris parSms, 
to increase the sp. gr. of the solution with the percentage of it employed. Thus, if it be 
desired to increase the quantity of water in a “neat” soap by 4-5 per cent., a solution at 5° B. 
will be suitable ; while if the quantity of water is to be increased to a total of 50 per cent., a stronger 
solution (10-12°) is required. This kind, technically known as “run soap,” was at one time 
largely made in America, and still is in England under the name of “ London pale.” Such soaps 
are of the consistency of thin treacle when mixed, at say 160-170° F., and are apt to disappear 
rapidly in hot water, as well as to lose weight when kept. 

A more legitimate application of silicate of soda is to mix varying quantities of the concentrated 
solution with “ neat ” yellow or curd soaps. This treatment makes yellow soaps much stiffer, and 
in many cases, by hardening them, adds to their durability. About 5 per cent, of the solution at 
1-700 sp. gr. is a suitable quantity, and has much the same effect as the addition of 5 per cent, of 
carb. soda crystals before described. Much larger quantities than 5 per cent, may be used, but soap 
so treated is apt to disintegrate unpleasantly in the hands of the consumer. Curd soaps are sold in 
England with which 15 or even 20 per cent, of sUicate of soda at 1-700 sp. gr. have been mixed. 
These large quantities considerably increase the “ soda available for washing,” as given by the alkali- 
metric test (see Soap Analysis, p. 1794). 

Aluminate of soda. — As a detergent for mixing with soap, this substance is perhaps even more 
powerful than silicate of soda. It is chiefly obtained from oryoUte, a mineral found in great abun- 
dance in Greenland, and may be readily prepared from it by boiling it with lime ; cryolite, being a 
double fluoride of aluminium and sodium, gives up the whole of its fluorine to the lime, leaving a 
mixture, or compound, of alumina and soda. Like silicate of soda, it is not a definite chemical 
compound, — as will be seen by the following analyses of different samples : — 



A. 

B. j 

Soda 

43-0 

. 44-0 

Alumina 

40-0 

' 24-0 

Water 

9-0 

i 32-0 


100-0 

i 100-0 


The commercial product is an amorphous white substance, readUy soluble in water, in which 
state it may be mixed with soap, like silicate of soda. 

Blue, Grey, and Bed Mottled Soaps . — These come under the head of silicated soaps, and are thus 
made. Two coppers are required, an ordinary steam copper for the first stage, and a fire-copper 
for the later stages. In the steam-copper, the raw materials are killed, made, and fitted rather 
open. The fat-mixtures employed are usually vegetable oUs, and almost always (though not neces- 
sarily) contain a fair proportion of coco-nut- or palm-bernel-oil. 'When first introduced from 
Germany, these soaps were made from well-bleached palm-oil and coco-nut-oil, in such proportions 
as 3 palm- to 2 coco-nut-, or 2 to 1, or even 3 to 1. Latterly, however, palm-kernel- has sup- 
planted coco-nut-oil, and some of the palm- has been replaced by refined cotton-seed-oU. The choice 
of materials is very much guided by their cost. The fitted soap is shifted off its nigre into the fire- 
copper, and, to every 1000 lb. of it, is added about 250 lb. solution of sUicate of soda at about 20° B. ; 
the exact sp. gr. depends chiefly upon the proportion of palm-kernel- to other oils. The whole is 
then boiled together with steam and fire, to thoroughly incorporate the mass ; when this is complete, 
tlie steam is stopped off, and the appearance of the copper is examined. Practice and experienee, 
assisted by chemical analysis, can alone decide when the soap is in “ mottling condition ” ; in that 
state, it should have about 45 per cent, (or less) fatty acids, and 0 • 5-1 - 0 per cent, of sodium chloride, 
according to the raw materials employed. A good physical test is to take a layer out rapidly upon a 
cold trowel, and observe its appearance, and the time required for it to “ set.” A shiny appearance 
on its surface indicates a deficiency, a frosty appearance, an excess, of mineral salts ; if it sets too 
quickly, and is shiny, more sodium chloride must be added; if it appear frosty, and is 'long in 
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setting, enough mineral salts are present. So delicate is the process, that the addition of 1 Ih. salt to 
a ton of soap at this stage will entirely alter the appearance of the mottling when cold. When it is in 
mottling condition, the mineral snbstance nsed as mottling is mixed with a small quantity of water, 
and sprinkled into the copper ; it is there thoroughly incorporated with the soap by a few minntes’ 
boiling, and the soap is then transferred as rapidly as possible to wooden frames, which are carefully 
covered up when fall, and kept as warm as possible, to allow time for the “ mottle to strike.” For 
blue mottle, 5-10 lb. artificial ultramarine per ton of soap are used; for grey, 1-3 lb. finely levi- 
gated oxide of manganese. If the soap be cooled rapidly, it will be of a homogeneous blue or grey 
colour ; slow undisturbed cooling is essential to these soaps, and once in the frame, they should 
never be touched until they are quite cold ; it was for them that Gossage devised the pneumatic 
method of emptying coppers (p. 1781), but a centrifugal pump answers as weU. It requires 
greater s kill to make good “ blue-mottled ” soap than for any other kind, and the manu&ctnre is 
in the hands of a few large firms. It may be observed here that in these soaps, the mottling, so 
difficult to produce, is a matter of appearance merely, and that soap with a plain white ground 
would wash just as well. 

Another mode of producing these soaps is to make a portion of the fat employed (usually all 
the coco-nut-oil, with or without some portion of the other oils) into hydrated soap (p. 1777) ; the 
remainder of the fatty matter is made either into a “ fitted soap” or a “ flat curd ” soap, and then 
transferred to the hydrate previously prepared in another copper ; after both are incorporated by 
thorough boiling, the soap is finished as before directed. This method, for which Blake & Max- 
well and C. N. Kottula had various patents, was introduced into England from Germany by 
the last named about 25 years ago ; it is said to produce a more solid and close soap from the same 
materials than any other method, but when a blue-mottled has to be made, the greatest care must 
be used to allow no impurities in the materials used for the hydrated soap, or the brilliancy of the 
blue mottling will be interfered with. 

Manufacturers’ Soaps. — The various kinds of household soaps having now been described, a few 
remarks will be made upon the soda-soaps suitable for various manufacturing purposes. Most of 
these are dissolved in water for use, and hence it is immaterial into what sized bar they are cut. 
Care, however, should be taken that they are dissolved ; a case occurred in the writer’s toowledge 
when the quality of a soap was much complained of, as producing greenish stains upon black 
cloth. The soap-maker asserted his ignorance of anything deleterious in the soap, and subsequent 
investigations showed that the cloth-manufacturer’s workman, instead of completely dissolving the 
soap, had impregnated the cloth with a solution containing undissolved pieces, and the soda in these, 
not unnaturally, affected locally the indigo and logwood with which the cloth had been dyed. 

For ordinary scouring purposes, there are few better soaps than the old-fashioned curd-mottled : 
many others, however, are used, such as curd soaps made from cheap and inferior greases, and 
boiled very dry ; and fitted soaps from greases and black rosin. For scouring goods of finer 
quality, a white curd soap from tallow, or tallow and lard, is used, or a curd soap from olive- or 
cotton-seed-oUs, or a mixture of both. The soaps made on Morfit’s plan (p. 1771) are also good 
scouring soaps. As a rule, traces of unsaponified fat (or indeed any extraneous material) are very 
deleterious in manufacturers’ soaps, which, under ordinary circumstances, should contain a very 
slight excess (as curd and mottled soaps always do) of caustic soda.' When for any purpose, as 
e. g. where delicate dyes are employed, an absolutely neutral soap is required, either a “ finely- 
fitted ” soap should be used, or a curd soap from which the caustic leys have been pumped off, and 
the soap finished by boiling on brine. 

According to Crace-Calvert, soaps for dyers’ use are not indiscriminately applicable to all 
colours. To produce the maximum effect in brightening the shade, the soap should be : 



For Madder 

For Madder 


Purples. 

Pinks. 

Fatty acids 

64-4 

59-23 

Soda 

5-6 

6-77 

Water 

34-0 

34-00 


For some purposes, a soap that will remain liquid in solution at a low temperature is required • 
such soaps are well made by Morfit’s process, and should contain large quantities of oleic acid. 
For “ fulling,” this soap is often employed, mixed with curd soap made from unbleached palm-oil only. 

Much has been written about the frauds practised by unprincipled soap-makers upon manufac- 
turers using soap, and the latter have been advised, in self-defence, to make their own soaps. 
Reasons have been given (p. 1777) against this course; it is much to be desired, however 
that soap-as«rs would take aoap-malcers personally more into their confidence in explainin"- their 
requirements, and would themselves superintend (and not leave to their foremen) any experiments 
made on- the working of different kinds of soap. A system, too, on which manufacturers’ soaps 
should be sold, guaranteed to contain a given percentage of fatty matter of a definite quality, with 
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its full equivalent of soda, is greatly needed. Such arrangements, if carried out, would very pro- 
bably put this trade upon a far better footing than it is at present. 

Special Household and Laundry Soaps. — A few of these, including the commoner kind of scented 
soaps, will now be considered. Cheap toilet soaps are thus made on a large scale. For “ honey ” 
soap, a good “ neat ” yellow soap is taken, and a solution of some yellow dye is mixed with it ; 
5 per cent. carb. soda crystals, or 5 per cent. sil. soda at 1‘700 sp. gr., is then added to stiffen it ; 
the whole is crutched, and scented by the addition at as low a temperature as possible of as much 
citronella-oil as is deemed necessary. For “ brown almond soap,” an inferior grade of yellow soap 
is similarly treated, and scented with about 10 lb. to the ton of mirbane (i. e. nitro-benzol) or arti- 
ficial almond-oU. When cold, these soaps are cut into bars or cakes, superficially dried, and 
stamped with one of the foot-power or steam stamping-machines (p. 1784). 

Cold-water Soaps. — ^This term, which has made its appearance within the last 5-6 years, was 
at first confined to soaps made from very soft materials, but containing a very small amount of 
water ; such, for instance, as those produced by Morfit’s process. They are sold at a low rate, and, 
from their great dryness, may be kept indefinitely without losing weight, a property possessed by 
scarcely any other household soap ; being perfectly pure soap, they are truly economical, provided 
they are not used with hot water. Christr. Thomas & Bros., of Bristol, and Sinclair, of London, have 
a great reputation for these soaps, which have been recently introduced. Latterly, however, the use 
of the term has been appropriated by makers of heavily-watered soaps, which run away in hot water. 

Disinfecting Soaps.— In few ways can disinfectants be so agreeably applied to the skin as when 
incorporated with soap. One of the last introduced, though probably one of the most efficacious, is 
thymol soap — made solely by Ferris & Co., Bristol. Thymol is a non-poisonons (herein differing 
from carbolic acid) crystal, about 8 times as powerful an antiseptic and disinfectant as carbolic acid, 
and is probably the only substance that combines disinfecting properties with a really pleasant 
smell, that of thyme. The mode of incorporating thymol and phenol (i. e. carbolic acid) with soap 
is a trade secret ; Morflt states that carbolic soaps are best made by his process (p. 1771), using as a 
basis hot-pressed fat-acid cake, on account of the tendency of carbolic acid to soften the soap.paste. 

Carbolic soaps are made in great variety and in large quantities by F. C. Calvert & Co., of 
Manchester, whoso products contain definite specified quantities of carbolic acid of various qualities. 
Their “ medical ” soap contains 20 per cent, pure crystal ; their toilet and household soaps, 10 per 
cent.; their domestic soap, 8 per cent. ; and their “No. 5” or “scouring” soap, 4 per cent, liquid 
carbolic and cresylic acids. The comparative anti^ptic power of soaps may be tested by adding 
equal weights, in solution, to equal weights of flour-paste, and, after exposing these to the air under 
identical conditions, noting the day on which mould first appears on each. The so-called “coal- 
tar ” soap or “ sapo carbonis detergens,” owes its disinfecting properties to a small quantity of 
carbolic acid in the coal-tar. 

Sand Soap. — Under this heading, occur a number of soaps in which it is sought to unite the 
chemical power of soap with the mechanical aid afforded by sand in scouring. As much as 20 per 
cent, of clean sand or powdered quartz is sometimes mixed with soap-paste. In a similar way 
soap is made the vehicle of many substances to be applied to the skin, medicinally or otherwise or 
in any cleansing process. All these should be incorporated with “ neat ” soaps, freshly made or 
remelted, at as low a temperature as possible. Some form of soap is not unfrequently the basis of 
polishing pastes. 

Fine Toilet Soaps. — Three distinct processes are in vogue for the fabrication of these, according 
to the quality of the product desired. For the commoner kinds, the basis is a good grade of fitted 
yellow soap, taken direct from the copper, or remelted in a small steam-jacketted pan, or in a 
Whitaker re-melter, provided with continuous coils of steam-pipe. To this, are added (1) suitable 
colouring matter, in a soluble form if possible, such as some aniline dye, (2) some mineral salts as 
carbonate of soda or potash, salts of tartar, &c., to stiffen and “close ” the soap, usually about 5 per 
cent, in strong solution, (3) at as low a temperature as possible, the perfume. When cold, the soap 
is cut up into slabs, bars, and cakes, dried, and stamped, as previously described. A few formulm 
for perfumes are here given, calculated in each case for 100 lb. soap : — 


Brown Windsor, — 4 oz. oil of cinnamon, 
1 „ „ cloves, 

1 „ „ caraway, 

2 „ „ sassafras, 

2 „ „ bergamot. 

Or — 4 oz. oil of bergamot, 

2 „ „ caraway, 

2 ,, ,, cassia, 

8 „ „ lavender, 

1 „ „ cloves, 

1 „ „ petit-grain. 


Alrnond Soap.— 12 oz. oD of bitter almonds. 
4 „ „ lemon. 

Honey Soap.— 8 oz. oil of citronella, 

2 „ „ lemon-grass. 

Glycerine Soap.— 2 oz. oil of cassia, 

1 „ „ caraway, 

4 „ „ lavender, 

1 „ „ mirbane. 
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In connection' with “ Biown Windsor " soap, it may be mentioned that the more it is melted, 
cooled, manipnlated, and remelted, the better it becomes, and that the scraps of varions sorts of 
soap that accnmnlate in the factory are nsnally worked into this soap. 

The intermediate quality of toilet soaps are made by the cold process (pp. 1771-2), from the purest 
materials that can be prepared, and when the fatty matter (tallow, lard, &c., with occasional coco- 
nnt-oU) and leys have been well stirred together, the colouring matter, perfume, &c., are added, and 
the whole is left quiet to effect the saponification. As previously directed, the fat should not exceed 
49° (120° F.), and J its weight of caustic soda leys at 36° B., shonld be stirred into it ; in about 5 
hours, when saponification occurs, the temperature will rise to 82 '2° (180° F.). This method 
enables more delicate perfumes to be used, since they are added at so low a temperature. A 
marbled appearance may readily be given to this soap by drawing, in wavy lines through the 
mixed fatty matter and leys, a steel blade dipped in colour ground up with oil ; to produce a good 
effect, the peculiar wrist-tum shonld be used with the blade, such as is required to wield a fencing 
foil well. It is obvious that these soaps retain their own glycerine. 

To the perfume formulae given above, may now be added : — 

£ose Soap. — 4 oz. oil of rose geranium. Marsh-mallow Soap. — 6 oz. oil of lavender, 

2 „ „ bergamot, 4 „ „ lemon-grass. 

1 „ „ rose, I „ „ peppermint, 

1 „ „ cinnamon. ^ „ ,, petit-grain. 

The finest qualities of toilet soaps, however, require a great deal of manipulation by costly 
machinery, which has been chiefly devised by the French, although the Americans, with their 
well-known mechanical ingenuity, have recently constructed equally good machines. The basis of 
these soaps, or “ stock” as it is technically termed, is usually made by the cold process, from the 
purest possible tallow, lard, &c., with little if any coco-nut-oil, which, if used, shonld be the 
Cochin variety. All the colouring matter, perfume, and other ingredients, are incorporated with 



the soap under hydraulic pressure, at the ordinary atmospheric temperature; hence the most 
delicate essences can be employed, even those that are extracted in the cold from plants. The first 
operation is to “strip” the stock-soap, i. e. to cut it up into strips or shavings; this may be done 
with a plane by hand, or by a machine (Fig. 

1274), whose essential parts are a revolving 1276. 

wheel A, upon which are set 4 or 6 knives, 
and a hopper F to contain the bars. After 
stripping, the soap is frequently dried some- 
what, and it is then passed through the mill 
several times, while the colour, perfume, &c., 
are here added to it. The mill, which is 
shown in Figs. 1275-6, consists essentially of 
three cylindrical contiguous rollers B, by 
whose action the soaps, colour, perfume, &c., 
after repeatedly running through, are blended 
into a thick homogeneous paste. When this 
has been effected, the soap is ready for the 
final operation, known as “ plotting ” (from the 
French, pelotage), in which the paste is sub- 
jected to enormous pressure, sometimes 3000-4000 lb. a sq. in., to form it into cakes, or into con- 
tinuous bars from which cakes may be cut. Snch a machine, known as Butschman’s hydraulic 
soap-plojting machine, made in Philadelphia, is shown in Fig. 1277. It may be charged 5 times in 
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a working day, and will “ plot ** 200 lb. at each operation. It is better to let eacli separate cake be 
** plotted by this machine, but if bars are made, and the cakes subsequently stamped, a powerful 
stamping-press must be employed. Oakes made in this way, are not liable to crack in use, as 
those made by the other two processes are ; before being packed, they are not unfrequently dried, 



and almost always polished. This may be done by hand with a cloth moistened with alcohol 
or, according to Dupuis, by momentary exposure to a current of steam, which, if desired may be 
premusly passed through a cloth impregnated with any fragrant odour; it is said that ko other 
metnod gives such a beautiful, even, and lustrous coating. 

A few hints on colour, and formul® for perfume, are here given. Whenever it is desired to 
prince a mottled or marbled appearance in the soap, an insoluble colour must be employed • but 
whenever a imiform tint is required, preference should be given, whenever possible, to colours 
Mluble in either water or alcohol, a condition fulfilled by numerous coal-tar colours. Care should 
be taken to choose those that are permanent, and unaftected by strong alkali. Salts of chromic 
Mid should be avoided, since they are apt to turn green by transference of some of their oxygen to 
the fatty matter of the soap ; the borate of chromium, known as « Guignet’s green,” is very stable 
and so are ultramarine and vermilion. The finest yellow is produced by infusion of saffron. The 
resomces of the dyer’s art are constantly producing new tints, whose properties in relation to soan 
must be ascertained by that best of all tests, experiment ^ 


Orange Soap. 

Oil of orange peel 

„ cinnamon 

„ thyme 

Lemon Soap, 

Oil of lemon 

„ bergamot 

„ lemon-grass 

„ cloves 

Elder-Jlvicer Soap. 

Oil of bergamot 

„ lavender 



Oil of thyme 
„ cloves 
), cassia , . 
„ almonds 


oz. 

2 

1 

i 

i 


Millefleur Soap. 

Oil of orange (Portugal) .. 

„ lavender 

„ cloves 

n nutmegs 

Tincture of musk 


lOi 

5 

2i 

5 

5 


N.B. Impregnate the fats used in this, with 
vanilla, ambergris, and rose-leaf. . 
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Violet Soap. 

02 . 

Powdered orris root 71 J 

Oil of lemon 5 

„ rhodium 2J 

„ thyme 2i 

Tincture of mnsk 5 

Finest Honey Soap. 

Oil of citronella 8 

„ lemon-grass 4 

„ cassia 2 

Hose Soap. 

Oil of rose 2J 

„ rose-geranium 2J 

„ cinnamon 1 




Oil of bergamot IJ 

Tincture of ambergris J 

Glycerine Soap. 

I. Oil of lavender 4 

„ bergamot 2| 

„ thyme IJ 

„ cloves 1 

„ carraway j 

II. Oil of rosemary 6 

„ orange 3 

„ cassia 1 

„ thyme 1 

„ mirbane 1 


Transparent Soaps. — The pecnliar appearance of these soaps is due to the use of alcohol in their ■ 
fabrication, and it may be applied in two ways. The older method, still employed, is to cut up 
ordinary soap into shavings, to dry these in heated air, and to dissolve them in half their weight 
of alcohol of 95°, in a suitable closed vessel provided with a head and condensing-worm, and heated 
by steam or a water-bath ; when the soap is dissolved, and the excess of alcohol evaporated, 
the soap is drawn ofi^ perfumed, and allowed to cool. Transparent soaps are now, however, 
usually made by the cold process, but to ensure success, very great exactitude in the proportions of 
the materials used is necessary, as well as much experience and skill. The fatty matters em- 
ployed are tallow, coco-nut-oU, lard, castor-oil, and olive-oil, in varying proportions, but all of the 
purest quality. For 100 parts by weight of fatty matter, 45 parts caustic soda leys at 40° B., and 
50-55 parts of alcohol of 95° should be used. One half the leys should be stirred into the melted 
fat, the temperature of the mixture not exceeding 49° (120° F.), and when thoroughly incorporated 
the remainder of the leys, mixed with the alcohol, should be added ; saponification will take place 
rapidly, and the perfume should now be added, and the whole cooled very gradually in frames; 
20 parts glycerine added to the above will make a good transparent glycerine-soap; occasionally 
some clear syrup of white sugar is added also. These soaps are seldom coloured, but any colour 
used in them should be quite transparent; it will be noticed that they do not become quite trans- 
parent until they have been exposed to the air for some days. 

Solidified Glycerine.— The preparation of this by Price’s Candle Co. is a trade secret, but Morfit 
recommends the following method. Heat to 154J° (310° F.) a mixture of 350 lb. hot-pressed fatty 
acids, 150 lb. white oleic acid, 200 lb. best rosin. To this, add 135 lb. Jarrow 52° ash (p. 1771) in 
25 gal. boiling water. When the soap-paste is quite homogeneous, which should be in about an 
hour, add 250 lb. pure glycerine, and stir well. K a sample be not transparent when cold, add 
glycerine until this is the case, controlling the amount of glycerine by testing 2-lb. samples of the 
soap with glycerine over a gas flame. This soap has the following composition Fatty acids, 34 • 0 ; 
rosin, 13-0; soda, 4-6; water, 15-4 ; glycerine, 33-0. 

Since it is beyond the scope of this article to devote more space to the detail of this part of the 
subject, it may be mentioned briefly that the various shaving-soaps and creams are wholly or in 
great part potash-soaps; that soap-essences are usually alcoholic solutions of soft-soap; that 
opodeldoc is a solution of soap in enough alcohol to make a jelly when cold; that "floating” 
soaps are made by dissolving soaps iu a small quantity of water, and agitating the solution 
violently in contact with air; and that powdered soaps are made from any pure soap, cut into 
shavings, thoroughly dried, and then ground to fine powder and sifted. It may also Iw well to 
call attention to the fact that nearly all the so-called washing-powders, soap-powders, and essences 
of soap, frequently contain no soap at all, and are merely mixtures of soda-ash, common salt, and 
sulphate of soda, with occasionally a trace of dry powdered soap. 

Theory of the Action of Soap: its Valuation and Analysis.—The mode in which soap facilitates the 
removal of dirt is by no means clearly understood, and probably depends upon a variety of causes, 
partly physical, partly chemical. Unquestionably much of its power is due to the alkali it contains^ 
which unites with and renders soluble the grease that forms so large a portion of much of our dirt- 
but it can hardly be true, as is maintained by some, that the value of a soap depends solely upon 
its percentage of alkali, since, if that were so, solutions of silicate, carbonate, or aluminate, of soda, 
containing the same percentage of soda as soap, ought to do as much work, which is notoriously 
not the case. Further, since the proportion of alkali in a soap is inversely as the equivalent 
weight of its fatty acids, those soaps with fatty acids of the smallest equivalent weights (e.g. coco- 
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nnt-oil) ought to be the most advantageous. G»ger, who advocates this view, gives the following 
table of anhydrous soaps. 





Quantity of soap 




Equiv. Weight, 

necessary to do the 
same work as 100 





tallow soap. 



Oleic acid soap 

3800-95 

115-1 



Palm-oil soap 

35.58-85 

108-7 



Tallow soap 

.3300-95 

100-0 



Coco-nut-oil soap 

3065-45 

92-8 



Cold water never is in contact with an alkaline stearate or oleate (the soap of commerce there- 
fore) without decomposing it ; the neutral salt is resolved into alkali, which dissolves, and an acid 
salt, which is precipitated as insoluble. Hence soap even in the purest cold water produces 
turbidity, although, when treated with warm water, it dissolves entirely. Again, since every kind 
of soap, when it leaves the copper, is a more or leas concentrated solution of anhydrous soap in 
water, when cold and firm, it also is subject to the same decomposition; this is the cause of the 
slender silky crystalline fibres set in a semi-transparent matrix, so often seen especially in “ neat ” 
soaps. 

When soap is rubbed in use against the surface to he cleansed, it is obvions that its greater or 
less hardness is an important consideration, since a harder soap requires much labour to detach 
enough, while a softer soap wastes away rapidly. It has been already shown that, ceteris paribus, 
the hardness of a soap depends upon how much potash it contains ; but where soda only is the base, 
the question of the comparative solubilities of the soda salts of the fatty acids has to be considered. 
While oleate of soda is freely soluble in 10 parts of water, stearate of soda is scarcely affected 
thereby: or in other words, the salts of oleic acid are far more soluble than those of stearic. 
Hence the hardness of a soap depends, not merely upon the base used, but upon the relative 
quantities of stearic and oleic acids in its composition ; this point will be again referred to in the 
analysis of soaps. 

The impurity of the water employed with soap has a material influence npon its consumption. 
Rain-water, and next to it, river or lake-water, is the best, while spring-water should be avoided if 
possible ; all such water is more or less “ hard,” owing to the presence in it of salts of lime (chiefly 
the carbonate and sulphate), some of which may be removed by boiling, or, more completely, by the 
addition of carbonate of soda. When a soluble soda-soap comes into contact with lime salts in 
solution, mutual decomposition occurs, resulting in the formation of insoluble lime-soaps, which 
have no detergent action. Until all the lime has been thus removed, the soda-soap refuses to 
cleanse, and hence much of it is wasted. It is obvious also that the presence of any acid in 
the water, or on the surfaces to be cleansed, will decompose soap, uniting with its alkaU, and 
destroying its detergent power. When nothing but hard water can be procured, or when much 
grease has to be removed, no soap will be found so economical as the old-fashioned curd-mottled, 
entangled in the interstices of which are appreciable quantities of caustic soda leys. 

Considerable light has been thrown upon the manner of removal of dirt by soap, by the 
researches upon Pedesis of Prof. W. Stanley Jevons, F.B.S., who has given this name to a micro- 
scopic phenomenon long known as the “ Brownian movement ” of small particles. When clay is 
stirred up with water, and the water allowed to stand, it clears itself very slowly, and microscopic 
examination showed that this was due to a kind of molecular movement of infinitesimally small 
particles of the clay. To this movement, Prof. Jevons gave the name Pedetic action (pid. ‘ Quarterly 
Journal of Science ’ for April, 1878, No. LVIII.), and he found that it was largely influenced by 
the addition of certain substances to the water containing clay in suspension. Soap and silicate of 
soda enormously increased the Pedetic action, or movement of the particles (Report of the British 
Association for the Advancement of Science, 1878, p. 435), and from observations made by Prof. 
Jevons, and by the writer of this article (who hopes to extend his researches in this direction), 
it seems clear that in the action of these substances in promoting this molecular movement of 
extremely minute particles, is to be sought part of the explanation of the cleansing power of soap. 

There are few things which are so ill understood in practical life as the real value, or, what is the 
same thing, the proper price of soap. From what has been said, it appears clear that the real value 
depends upon the amount of dry (anhydrous) soap present, and npon the proportion of stearic, 
palmitic, and margario acids to oleic, and to that of the cocinic, laurostearic, &c. In other words, the 
determination of the following elements is necessary to arrive at an estimate of the value of a soap : — 
(1) The percentage of water ; (2) the percentage of soda available for detergent purposes (a), com- 
bined with the fatty acids, (6) as caustic, carbonate, silicate, or aluminate; (3) the percen^ge.of 

5 T 
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fatty acids ; (4) tbe melting-point of those iatty acids (see Candles ; and Oils, Detection and 
Analysis, p. 1477). 

It would be very greatly to the advantage of all large consumers of soap, as well as to soap- 
manufacturers themselves, if soaps were to be sold guaranteed to contain so much per cent, of 
fatty matter of a given melting-point, combined with the full quantity of soda necessary for its 
complete saponification. 

Brief instructions will now be given for the most suitable methods, consistent with accuracy, for 
the analysis of soap; for fuller information, manuals of technical chemical analysis should be 
consulted. 

Uniformity of Sample. — Great care should be taken to ensure this ; since soap loses water 
rapidly on exposure, the soap should be sliced up in thin pieces, well shaken, and kept in a well- 
stoppered bottle. Other convenient plans are (1) to weigh out at once aU portions required for 
analysis, (2) to make a standard solution of tbe soap, say 100 ffrm. in 1 lit., and measure off what is 
required, taking care to avoid loss by evaporation. In analysing case-hardened soaps (p. 1783), care 
must be taken to see that the section of the bar includes a proper proportion of skin ; sometimes 
separate analyses have to be made of different parts of a bar of these soaps. 

Percentage of water. — About 2 grm. of the soap is exposed in a wide-mouthed flask of about 
100 cc. capacity, to a temperature of 149° (300° F.) in an air- or oil-bath for one hour, and the loss 
in weight IS noted. The flask should be weighed as soon as it is cool, and, where great accuracy is 
required,, should be cooled under a bell-glass in presence of a strong oil of vitriol, as anhydrous soap 
is very hygroscopic. The operation may be shortened by one-half if a few drops of alcohol be added 
as soon as the soap has melted ; the addition of a known weight of fine dry sand prevents the soap 
from swelling up too much. No well-made soap should turn brown or discoloured at this 
temperature. 


' •^S'cTntTie'of s‘:dI^A ^dretfe ^g-r - f-i^ed, divided into fifths of a cubic 

centimetre, and a standard solution of acid, such as 2D on alkahmetry ; either sul- 

phuric or oxalic acids may be used. To determine tbe total percent^gb-O' dis^lve 

5 grm. of the soap in boiling water, and add to it the standard acid solution, stirring and bdiiing 
the whole time, until a permanent froth is no longer visible ; from the number of cc. of acid used, 
the amount of soda is readiiy calculated. To determine the soda nncombiued with fat, dissolve 10 
or 20 grm. in water, add enough sodium chloride to precipitate the soap, remove the liquor, re-dis- 
solve the soap in fresh water, repeat the operation, mix both brine solutions together, and estimate 
the soda therein by standard acid, using litmus to determine when enough has been added. The 
second result subtracted from the first gives the percentage of soda combined with fatty acids. 

Percentage and Examination of Fatty Acids. — ^A known weight of the soap (10 or 20 grm.,ii 
only the percentage is required, 50 or 100 grm. if the nature of the fat is to be ascertained) is 
dissolved in hot water. If any portion refuses to dissolve, as will be the case if steatite, clay, or 
starch have been mixed with tbe soap, the solution must be fiitered, either in a hot closet, or 


through a funnel surrounded by hot water ; if the filter be previously weighed, the insoluble portion 
can be weighed upon it after being washed and dried at or above 100° (212° F.) ; to the clear soap 
solution, an excess of sulphuric or hydrochloric acid is added, and the whole is gently boiled until 
the fatty acids are clear and transparent, and all clots have disappeared. K there is reason to believe 
that the fatty acids will be fluid, or even soft, and greasy, at the ordinary temperature, and a fat 
percentage only is desired, a weighed quantity of white wax or stearic acid, previously deprived of 
water [see Oils, p. 1462, (1) a.], should be added at this stage. When the cake of fatty acids is 
cold, the liquid beneath should be removed, and the cake remelted over fresh hot water, to remove 
all traces of salts and acids. When cold, it may be partially dried with blotting-paper, if it is solid 
enough not to give up any oleic acid to that absorbent ; it should then be all carefully trausferred to 
a tared capsule, heated to at least 127° (260° F.) to expel the last traces of mechanically mixed 
water, and then weighed, the weight of wax or stearic acid added being of course deducted. Every 
100 parts of fatty acids so obtained, represent 105-106 parts of pure neutral fat used to make the 
soap. In this condition, the fatty acids are hydrates, and from every 100 parts, 3‘5 parts must be 
deducted in stating the analytical results for water chemically combined with them, because 


anhydrous soap [dried at 149° (300° F.)] does not contain these elements of water. 

To ascertain the nature of the fatty acids, the melting-, or solidifying-point of the mixture should 
first be taken (see Oils, p. 1477). The apparatus suitable is shown in Fig. 1278. The fatty acid 


is in the inner tube B, surrounded by water, which is gradually heated over a lamp; tempera- 
tures are observed by thermometers C D. To detect the presence of, and estimate, coco-nut-oil 


or palm-kemel-oil, the method recommended in Oils, p. 1746, may be adopted. On the same page, 
will be found hints for the determination of the quantity of rosin ; another method (proposed by 
Dalican) is here given, with the remark that Sutherland’s process, by which the rosin is oxidized 
by nitric acid, and Eampal’s process, in which the rosin is precipitated in a finely-divided state by 
throvpng an alcoholic solution of the fatty acids into water, are both unreliable. Dissolve 10 grm. of 
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the soap in 100 grm. water, add enough concentrated soda leys to precipitate the soap (p. 1769) ; 
some resinates remain in the liquor, which is neutralized, evaporated to dryness, and the resin 
extracted with alcohol, which may he distilled ofl', and the rosin weighed (A). Then dissolve the 
precipitated soap in water, and add excess of barium chloride ; collect and dry this baryta soap, and 
extract it with ether, which dissolves out only the resinates. Evaporate off 
the ether, and treat the resinates with boiling water and sulphuric acid, 
which sets the rosin free ; it may then, if necessary, be similarly dissolved 
out by alcohol, or may be merely collected on a weighed filter, and its 
weight (B) noted ; A+B is the weight of rosin in the soap. The portion 
insoluble in ether may then be suspended in water, decomposed with 
sulphuric acid, and the fatty acids collected, dried, and weighed. 

For other methods of examining the nature of the fatty acids in soaps, 
consult Oils— Detection and Analysis, pp. 1462-1477, to which may be 
added a reference to the amount of information that may be derived from 
examining, by polarized and ordinary light, under a microscope, the 
manner of crystallization of thin layers of fatty acid mixtures allowed 
to cool between two pieces of glass pressed together; some very remark- 
able results of this method were shown by Price’s Candle Co. at the 
Paris Exhibition of 1878. 

Shorter, but less reliable, methods than the above have been frequently 
proposed for determining the value of soap. To shorten the operation of 
weighing the fatty acids, many methods have been proposed for measuring 
them, by collecting them in a long-necked flask, graduated, or in a 
graduated tube attached thereto. Whenever this is done, the weight can 
only be arrived at from the estimated sp. gr. of the fatty acids, and as this is very variable, the 
method is at best an approximate one, though useful in the factory when that sp. gr. is known. 
Buchner decomposes 16' 66 grm,, and measures the fatty acids to the ^c., multiplying by 
0-93 to get the weight in grm. He also gives the following useful table, on the basis that 100 lb- 
fat produce 155 lb. soap and about 6'25 lb. glycerine; the three last columns are of general use, 
when the “ fatty acids per cent.” are determined by weight : — 



No. of ce. of 
fatty acids from 
16| grm. soap. 

Sp. gr. of fatty 
acids. 

Mean weight of 
the fatty acids in 
grm. 

Fat used for 100 
lb. soap. 

“ Neat or grain 
soap in 155 lb. 
of soap 
examined. 

100 parts of the 
soap contain of 
water, soda, 
glycerine, &c. 

100 parts of the 
soap contain 
of real grain 
soap. 

0-5 

0-93 

0-46 

3-13 

4-85 

97 

3 

5 

tt 

4-65 

31-30 

48-50 

69 

31 

6 

»» 

5-58 

37-56 

58-20 

63 

37 

7 

»» 

6-51 

43-82 

67-90 

57 

43 

8 


7-44 

50-08 

77-60 

51 

49 

9 


• 8-37 

56-34 

87-30 

44 

56 

10 

J> 

9-30 

62-60 

97-00 

38 

62 

11 


10-23 

68-86 

106-7 

32 

68 

12 

»* 

1116 

75 12 

116-4 

26 

74 

13 

It 

12-09 

81-38 

126-1 

20 


14 

>» 

13-02 

84-64 

135-8 

13 

87 

15 


13-95 

93-90 

145-5 

7 

93 


The Industrial Society of Mulhouse awarded a prize to Cailletet for a method of analysing soap 
without more weighings than that of the soap itself. Minute instructions are given in the 
Bulletin of the Society, No. 144, Tome xxix., p. 8. SufSce it to say here that, in the first place, 
much information may be gained for industrial purposes by attentively observing the behaviour of 
the soap with hot and cold water ; 10 grm. of the soap are then decomposed by excess of standard 
acid in presence of a measured volume of turpentine-oil, the increase in volume of which, multi- 
plied by the sp. gr. of the fatty acids, gives their weight. The acid solution is titrated back with 
soda, and the soda per cent, is calculated. It is stated that the turpentine does not dissolve the 
rosin, and that thus the presence of rosin may be detected, and even estimated. 

A short way of ascertaining whether there is much besides pure soap, and water, in a sample of 
soap, is to treat it with strong warm alcohol, which dissolves nothing but the soap, and excess of 
caustic soda, if any ; this last may be removed by a stream of carbonic acid gas. The insoluble 
residue may be collected on a tared filter, washed with alcohol, dried, and weighed. 

The determination of the other constituents of commercial soaps has now to be considered. 

Unsaponifled fat.— This is very rarely present ; 10-20 grm. of the soap is cut into fine shavings, 
and dried at 100° (212° F.) ; then treated with warm benzol or petroleum-spirit, which is daoanted 

5 T 2 
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or filtered off into a tared flask ; the solvent is then distilled off, or evaporated, when the 
nnsaponified fiit, if any, is left behind and weighed. 

Glycerine. — A weighed portion of the soap is dissolved in water, and decomposed with slight 
excess of suipbnric acid ; the fatty acids are removed, and the acidulated solution is evaporated to 
dryness and treated with alcohol ; the alcoholic solntion of glycerine is separated by filtration into 
a tared flask, from which the alcohol itself is distilled off. 

Carbolic acid. — Mr. G. Lowe recommends the following process. Take 50 grain-measures of 
aqueous solution of caustic soda sp. gr. l-3d5, dilute to 1000 gr.-m. ; in this, dissolve by heat 100 
gr. of the soap, then add 1000 gr.-m. satnrated solution of common salt. Filter off, and wash with 
brine, the soap thus precipitated ; slightly acidify the filtrate and washings with hydrochloric acid, 
and add thereto enough bromine-water to make the liquid permanently yellow. Warm the liquid 
tiU the precipitate melts, then let it cool ; remove, carefully dry, and weigh the resulting mass, of 
which, 331 parts correspond to 94 parts of carbolic acid. If the inferior qualities of carbolic acid 
have been used, the precipitate, which is bibromocresol, CjHjBrjO, forms a sticky mass, owing to 
the liquid nature of the ctesylic acid it contains. 

The determination of soluble silica aud alumina (as silicate and aluminate of soda), of sulphuric 
acid (as sulphate of soda), of chlorine (as common salt), and of other mineral constituents of soap, 
must be made in the acid solution that remains after decomposing the soap with a snitable mineral 
acid ; the estimation of carbonic acid (as carbonate of soda) presents great difficulties. The ordinary 
methods of inorganic quantitative analysis may be applied in these cases. 

Substances Insoluble in Water. — In a properly-made unadulterated soap, these should only 
consist of colouring matters and mottling. To estimate their amount, dissolve a known weight in 
water, decant the clear liquid, collect the deposit on a tared filter, wash, dry, and weigh. Organic 
impurities may be estimated by igniting this residue, and weighing again, when only mineral 
impurities remain. Starch or farina is detected by iodine ; mineral impurities, by the ordinary 
methods of mineral analysis. 

Two or three examples of freshly-made analyses of hard soap are here given ; no deduction is 
made for water combined with the fatty acids (p. 1794). 


A good “ Primrose ” Tellow Soap. 



Per cent. 

Water 

.. .. 32-8 

Total Soda 

.. .. 6-7 

Sodium Chloride .. 

.. .. 0-2 

Fatty Acids 

.. .. 62-3 


102-0 


An old-fashioned Grease Mottled Soap. 



Per cent. 

Water 

29-8 

Soda with fat 

70 

Free Soda .. .. 

0-6 

Sodium Chloride 

0-1 

Fatty Acids 

64-7 


102-2 

A genuine “ Cold-water ” Soap. 

Per cent. 

Water 

22-0 

Soda with fat 

7-3 

Soda with silica, &c. .. •• 

0-8* 

Silica 

1-6 

Sodium Chloride and Sulphate ., 

0-4 

Fatty Acids 

70-2 


102-3 


A Blue {red, or grey) MUtled Soap. 


Per cent. 

Water 44-3 

Soda with fat 5-2 

Soda (free, or) as Silicate .. .. 0-8 

Silica ]- 3 * 

Sodium Chloride 0-8 

Sodium Sulphate 0-3 

Mottling and Insoluble .. .. 0-7 

Fatty Acids 47-5 


100-9 

* Eqnal to 3 - 9 per cent, silicate of soda at 1 ■ Too sp. gr. 


A neutral Curd Soap, for Manufacturers. 


Per cent. 

Water 28-0 

Soda with fat y-p 

Soda free, &c p-p 

Sodium Chloride p -2 

Fatty Acids 67-9 


103-1 


» Or 5-0 per cent. siL soda sp.gr. l-tOO. j 

A few remarks upon the location, prospects, legislative condition, and otlier general considera- 
tions connected with the soap-trade, may fitly close this portion of the article. 

This industry is by no means localized in any one part of the British Islands ; but, although the 
total amount of soap made in England is probably greater now than it ever was, the tendency of 
the last 25 years has been in the direction of concentrating the manufacture in the hands of a few 
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firms. Among these, may be mentioned, W. Ghwsage Sc Sons, Widnes, Lancashire; Jos. Crosfield 
& Sons, Warrington ; Hodgson & Simpson, Wakefield ; Cook & Sons, Anderson & Oattley, and 
Cowan Sc Sons, all of London ; Christopher Thomas Sc Bros., and Lawson, Phillips, Sc Billings> 
both of Bristol ; Tennant, of Glasgow ; Hedley Sc Sons, Newcastle-on-Tyne ; and others. Probably 
the oldest soap-works in the country are, or at any rate until recently were, to be found in Bristol, 
which still retains great reputation for its soap. A relic of this may be found at the present day 
in Holland, in some parts of which no soap can be sold which is not stamped with the word 
Bbistol. Of the two soap-works mentioned as now left in that city, the former, belonging to 
Christopher Thomas Sc Bros., was established in 1745. 

The abolition of the duty on soap in 1853, then about 2d. a lb., and producing a revenue of 
upwards of 1,000,000/., naturally gave an immense impulse to improvements in the manufacture, 
and various valuable patents were very shortly taken out, the most important of which were those 
of W. Gossage for silicated soaps, that of T. Thomas for cheap detergent soaps made from mixtures 
of neat soap, silicate of soda, and sulphate of soda, that of Blake & Maxwell for hydrated soaps 
(p. 1777), and those of C. N. Kottula, for various improvements in the making of blue-mottled and 
other soaps. An association of soap-manufacturers in England holds quarterly meetings, at which 
prices are revised, common action agreed upon, and legislative enactments affecting the trade dis- 
cussed and watched. All soap-factories, in common with other factories, are subject to inspection 
by Factory Inspectors acting under the Government, and to the visits of a Certifying Surgeon. In 
a well-managed soap-works, the sources of nuisance are very slight, and comparatively inoffensive ; 
most of them arise, not from the actual process of soap-making itself, but from the preliminary 
operations of refining, pmifying, and bleaching the fatty matters employed (see Oils, p. 1448, and 
pp. 1458-1462). They may all be obviated by conducting such operations in closed vessels provided 
with trunks communicating with the draught of a flue ; when impure and rancid fats are used 
direct for soap-making, the copper should be provided with a cover and a similar trunk. In default 
of a flue-draught, a fan, or a jet of steam, may be used to create a good current of air. 

Since the removal of the duty, there are few means of forming an estimate of the extent of the 
soap-trade in England ; it is known, however, that many of the larger houses make much more 
than 5000 tons a year, while a few make over 10,000, and it is stated that one house is capable of 
turning out 500 tons in a week when necessary. 

The total annual production in the United Kingdom was estimated at 250,000 tons by Prof. 
Roscoe, in his inaugural address as President of the Society of Chemical Industry, in June 1881. 
Our exports of soap in 1880 were as follows : — To the British W. Indies and British Guiana, 
69,527 cwt., 71,302/. ; British S. Africa, 66,563 cwt., 72,928/. ; Java, 34,013 cwt., 31,510/. ; China, 
30,420 cwt., 28,472/,; Spain and Canaries, 24,430 cwt., 24,529/.; Portugal, Azores, and Madeira, 
23,289 cwt., 24,949/. ; Gibraltar, 14,897 cwt., 15,455/. ; Italy, 11,883 cwt., 14,442/. ; foreign W. 
Africa, 10,962 cwt., 10,572/.; Bombay and Sind, 10,928 cwt., 14,956/.; Bengal and Burma, 
10,765 cwt., 16,098/. ; foreign W. Indies, 10,170 cwt., 10,798/. ; Australia, 7287 cwt., 13,433/. ; 
Hong Kong, 7158 cwt., 8334/. ; Holland, 5674 cwt., 5617/. ; Channel Islands, 4328 cwt., 6868/. ; 
British N. America, 3513 cwt., 4925/.; France, 1842 cwt., 4598/.; other countries, 44,159 cwt., 
60,509/. ; total, 391,808 cwt., 440,286/. 

In France, the chief seat of the industry is at Marseilles, while a not inconsiderable amount of 
common, and nearly all the toilet, soaps are made in Paris. In a report on the exhibits at Paris in 
1878, it was stated that the French soap-trade had been for some time stationary at about 
220,000 tons per annum, but was then declining, owing to practices not very creditable to the 
manufacturers. 

In Germany, and other parts of tire Continent, soft soaps are much more proportionately in 
vogue for laundry and other purposes, than in England, while the chief hard soaps made are for 
toilet purposes. 

In the United States, Kirk & Co. of Chicago have probably the largest trade, but they are closely 
approached by Babbitt & Co., and Colgate & Son, of New York. The changes that have lately 
passed over the trade in America have been already described (p. 1787). It may be said, without 
fear of contradiction, that while perhaps for fancy toilet soaps the palm must be given to France, 
England and the United States are pre-eminently the countries where the manufacture of the 
different varieties of soap is most clearly understood, and carried out on the largest scale, and in 
the best manner. 

Railway- and Waggon-grease. — The first of these consists essentially of a mixture of a 
more or less perfectly formed soap, water, carbonate of soda, and neutral fat, and is used on the 
axles of all locomotives, railway-carriages, and trucks that are provided with axle-boxes ; whEe the 
second is a soap of lime and rosin-oil, with or without water, and is used on all railway-trucks 
unprovided with axle-boxes, and for ordinary road-vehicles. 

The requisites for a good “ locomotive-grease ” for high velocities are ; — (1) a suitable consistency, 
such that it will neither run away too rapidly, nor be too stiff to cool the axles ; (2) lasting .power. 
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80 that there may be as little increase of temperatnre as possible in the axles, even at high speeds ; 
(3) a minimum of residue in the axle-boxes. 

In practice, it is foimd that a grease containing 1 • 1 -1 • 2 per cent, soda (100 per cent.) gives the 
best results. The process of manufacture is very simple ; Morfit’s soap-pans, provided with stirrers, 
p. 1772, Fig. 1240, are the most suitable vessels for the purpose. The fats, usually tallow and palm- 
oil, are heat^ to 82° (180° F.), and into them, are run the carbonate of soda and water heated to 93J° 
(200° F.), and the whole is well stirred together, and run into large tubs to cool slowly, lllany 
railway companies buy a curd-soap made from red palm-oil, dissolve it in water, and add thereto 
enough tallow and water to bring the composition of the whole to the desired point. It is usual to 
allow 2 J per cent, for loss by evaporation of water during the manufacture. The composition has to 
be slightly varied according to the season of the year ; the following formulss for mixing have stood 
the test of successful experiment ; the summer one ran 1200 miles. It should be carefully home in 
mind that a chemical analysis of locomotive-grease is no test whatever of its practical value, which 
can only be determined by actual experiment. 



Sommer. 

Winter. 


per cent. 

per cent 

TaUow 

18-3 

22-3 

Palm-oil 

12-2 

12-2 

Sperm-oU 

1-5 

1-2 

S^a crystals, 

. 5-5 

5-0 

Water 

62-5 

69-3 


100-0 

100-0 


The “waggon-grease” is thus prepared. A good milk of lime is made, and run throngh 
several overflow-tubs, where all grit is deposited ; it is then drained on canvas. If the grease is to 
be made without water, the paste must be agitated with rosin spirit, which expels the water, and it 
is then thinned with a further quantity of rosin spirit. The aqueous milk of lime, or the mixture 
of lime and rosin-spirit, is then stirred together with a suitable quantity of rosin-oil in a tight 
barrel furnished with a shaft and stirrers, without the application of beat, after which, the whole is 
run out into barrels to set. Many other ingredients are often stirred in, such as “ dead oil,” 
petroleum residues, graphite, sea-weed jelly, silicate of soda, oil refiners’ foots, micaceous ores, 
steatite, Irish moss, &c. 

A careful estimate was made in 1865, compiled from various reliable sources, by Watts, of the 
total quantity of anti-friction greases made in the United Kingdom in a year, of which the following 


is an abstract : — 

Tons. 

1 11-7 cwt per mile per year 6,358 

1-42 cwt. per lOOO tons coal 6,108 

Other minerals, &o 711 

Agricultural carts 2,130 

Trade and other carts, &c 2,070 


Total 17,377 


Glycerine (Fb., Olyeerijie ; Geb., Oelsuss, Oelzucker, Glycerin). — Few things in the history of 
chemical industry are more wonderful than the enormous development in the use of tliis substance, 
which, a few years ago, was thrown away as a waste product, but which now finds so many useful 
applications in the arts and sciences. The researches of Chevreul, which demonstrated the consti- 
tution of fats, showed that glycerine exists in nearly all neutral fats (see p. 1764) in a combined state, 
and small traces of it have lately been discovered uncombined in palm-oil. It is formed, as Pasteur 
has shown, in the process of fermentation, 100 parts cane-sugar forming 3-5 parts of glycerine. Be- 
cent researches have also made it clear that its compound with phosphoric acid is the starting-point of 
a number of complex constituents of the brain. For practical purposes, however, glycerine is always 
obtained from the bye-products of candle-, and quite lately, of soap-factories. Cap worked out the 
first process for preparing it on a commercial scale from the waste liquor of the saponification of 
tallow by lime, in the first stage of stearic acid making (see Candles, p. 579). Early in 1854, Tilgh- 
mau produced it by pumping an emulsion of 2 parts tallow and 1 part water through a coil’ of pipe 
heated to 322° (612° F.), after which, tlie emulsion separated into two layers, the upper one of fatty 
acids, and the lower of glycerine and water. Several modifications of this were afterwards patented 
but the only one worked on a large scale was that of< G. F. Wilson and G. Payne, dated July 24* 
1854, under which, enormous quantities of glycerine have been made by Price’s Candle Co. In thU 
proce^ neutral fats are put into a stUl provided with a fine steam-worm, and a fractional con- 
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densing appaiatns of large surface, similar to that described in Candles, p. 581 ; they are then 
heated to between 288° and 316° (550°-600° F.), and plenty of superheated steam is injected ; 
mixed vapours of fatty acids, glycerine, and water are carried over to the condenser, where the 
divisions nearest the still collect only fatty acids, while those farthest from it yield mixtures of fatty 
acids with glycerine and water in various stages of concentration. Glycerine so made can be con- 
centrated in a vacuum-pan. Care must be taken that the temperature does not exceed 315° 
(600° F.), and that plenty of steam is present, else some of the glycerine is decomposed, and 
acrolein, a compound most irritating to the eyes, is formed — 

Glycerine = Water -f Acrolein 
C,HsO, = 2HjO + CjH,0 

Eaw glycerine is also prepared firom the water employed to wash the fatty acids after acidifica- 
tion (p. 581) of the neutral fats. The acid liquid is neutralized by carb. lime, or carb. baryta, 
either of which may be added until effervescence ceases; it is then concentrated to 28° B. in an 
open, shallow, cast-iron pan. Of late, however, glycerine has become suSiciently valuable to 
cause candle-manufacturers to adopt that method of preparing fatty acids which gives them the 
greatest yield of glycerine from neutral fata. This process, called the autoclave, as patented by 
De Milly on Nov. 19, 1856, is now very extensively used for glycerine making, both on the Continent 
of Europe and in England, and is thus conducted. About 1 ton of fat, usually mixed tallow and 
palm-oil, is heated with 2 per cent, lime and the fat-volume of water in an upright Papin's 
digester to 8 atmos. pressure for 4 hours. The whole is then blown out into a tank, and the 
“sweet-water” is run off. The lime-soap is decomposed in the usual way with sulphuric acid, 
and the resulting fatty acids are either pressed, or acidified and distilled for stearic acid. (See 
Gandies, p. 581.) It is then concentrated in a modification of the “Wetzel” evaporating- 
pan (originally introduced for sugar-boding), constructed by Chenaillier, Paris. This evaporateur 
universel, as he terms it, which is very economical and effective, is shown in Fig. 1279, and consists 
essentially of pairs of saucers set edge to edge upon a hollow central revolving shaft, through 
which, steam passes to the interior of the saucers (the waste steam from a high pressure engine will 
do) ; the lower edges of the saucers dip in a jacketted trough of the liquid to be evaporated, and 
when they are revolved, layers of this are brought up and speedily concentrated on their surface. 
It may also be worked in a vacuum as shown in Fig. 1280. 




Evaporation is continued to 26° B., when the glycerine is of a brownish colour, and known as 
“ raw,” in which state it is sold for many purposes. At Price's Candle Company’s woiks the fur- 
ther purification is conducted as follows. The raw glycerine, sp. gr. 1' 245-1 -250, is heated in a 
jacket pan with that kind of animal charcoal known as ivory-bhick, and is then distilled ; this 
alternate treatment is repeated as often as may be necessary. The distillation is performed with 
superheated steam in a copper still provided with copper fractional condensers (the same as shown 
in Pig. 463, p. 581, but omitting the right half of the apparatus, including the tanks G), the still 
being also heated externally ; the operation is performed at as low a temperature as is consistent 
with distillation, usually about 227° (440° F.), The number of distillations depends upon the 
quality of the raw glycerine and the purity of the product demanded. Of the six runs. Nos. 1, 2, 
and 3 usually give pure glycerine, while the dilute condenae-products from Nos. 4, 5, and 6 are 
generally returned to the still, though occasionally concentrated in an evaporateur ttnicersel, or in a 
vacuum-pan. Some stills hold as much as 3 tons, but they are usually smaller, and in all.cases the 
process is conducted very slowly. A form of still and condenser much used on the Continent of 
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Europe ia outlined in Fig. 1281. External heat and injected superheated steam are used to effect 
distillation. The stUi A has an unusually large head B, and the goose-neck C is provided with a 
catch-box D, in case the still-contents should, as sometimes happens, boil over ; the fractional con- 
densers E are upright cylinders with longitudinal partitions F nmning nearly their whole length ; 
the condensed products run out through G into re- 
ceptacles H. The whole apparatus is of iron, and 1281 . 

usually made to distil } ton at a time ; in some cases, 
the process is conducted continuously, with a pro- 
perly arranged feed. 

Enormous quantities of glycerine are run to 
waste in the spent leys (p. 1779) of the soap-maker. 

One of the earliest attempts to extract it was a patent 
by H. Eeynolds, June 10, 1858, for concentrating the 
s^nt leys, and distilling off the glycerine by super- 
heated steam between 193J° and 204J° (380°-400° 

F.); the large quantity of sodium salts, especially 
so^um chloride, were found, however, to be an 
almost insuperable difficulty. On March 31, 1879, 
a patent was taken out by C. Thomas, W. J. Fuller, 
and S. A. Bung, of Broad Plain Soap Works, Bristol, by which process the first successful pro- 
duction of crude glycerine from spent soap leys was introduced into commerce, and several tons 
per week are now manufactured. The specification states : — “ We evaporate the spent or partially 
spent leys until the boiling-point of the liquid rapidly rises, when nearly all the salts that can be 
thrown down by simple evaporation are deposited in the pan. The resulting liquor ia chiefly com- 
posed of raw or impure glycerine. This we draw off into a second pan, and boil it with excess of 
fatty acid, which, readily combining with some of the salts in solution, separates them from the 
liquor, and at the same time removes from it the fine crystals of salt formed during this operation. 
After this treatment, we skim off the saponified fatty matter, allow the liquid to cool, and filter it 
to remove the gelatinous, albuminous, and other impurities. The clear liqnid may then be refined, 
distilled, or concentrated, as desired.” 

The recent extremely rapid rise in the price of glycerine has caused much attention to be 
directed to this abundant source of it. Victor Clolns, of BUlancourt, near Paris, has patented a 
process for its recovery from soap-boiler’s waste, which will (Oct. 1881) shortly be worked in 
England also; and H. Flemming, of Kalk, has patented in Germany (No. 12,209) a process for 
removing glycerine from spent leys by dialysis, a membrane of parchment-paper serving as the 
diaphragm through which the crystalline salts present in the glycerine diffuse themselves. 
Another process has been proposed, according to which, the salts ore said to be removed from spent 
leys by saturating the latter first with carbonic acid gas, and then with hydrochloric acid gas. 

Although evaporation and distillation are the usual methods of purifying glycerine, the action 
of cold upon more or less dilute glycerine is sometimes employed in conjunction with them, especially 
by Sarg, at Vienna. When an aqueous solution of glycerine partially freezes, the frozen mass 
contains more water than the remaining liquid, hence some amount of concentration may be thus 
effected. The following table gives the freezing-points of such mixtures : — 




Another authority gives ; — 

Glycerine solution sp. gr. 10° B. 12° B. 14° B. 15° B. 

Melting-point .. - 9° C. - 13° C. - 18° C. - 21° C. 

In January 1867, some glycerine sent in tin cans from Germany to England froze into pea- 
sized octahedral crystals; these, while melting, had a constant temperature of 7°-2 (45° F.), 
but would not freeze again even when cooled to — 18° (0° F.). According to Werner, commercial 
glycerine will freeze more readily if chlorine gas be passed into it. In purifying glycerine by cold, 
the whole mass is cooled to nearly 0° (32° F.), and some crystals of solid glycerine are added ; 
almost the whole mass solidifies on agitation, and a centrifugal machine is used to separate the 
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solid ftom the liquid parts. Treated in this way, glycerine at 28° B. yi^ds crystals which, when 
melted, are 30° ‘8 B. 

Pure glycerine is a viscid, colourless, and transparent liquid, with an intensely sweet taste, 
soluble in water in all proportions, in alcohol, chloroform, and carbon bisulphide, but not in ether ; 
its sp. gr. is 1-^7; it solidifies at — 40° (— 32° F.) to an amorphous mass. When distilled, it 
decomposes, unless steam be present, hence its boiling-point cannot be accurately determined at 
atmospheric pressure. According to Bolas, at I2-fi mm. pressure, it boils at 179° '5 (355° F.), and 
at 50 mm., at 210° (410° F.), while Heminger gives 179° (354° F.) as its boiling-point under 
20 mm. 

It burns with a clear flame like oil, if there be free access of air, and a high temperature for 
kindling it. 

From one point of view, in its chemical relations it is an aleohol, and although the ferments that 
excite alcoholic fermentation will not ferment pure glycerine, it may be fermented by a hitherto 
undescribed bacterium. Just as acetic acid and alcohol, interacting, form water and acetic ether, 
so acetic acid and glycerine, interacting, form water and moaacetin. TViacetin is a natural glyceride, 
occurring in cod-liver-oU. This brings to min d the other aspect of glycerine, viz. as the base of the 
natural glycerides, in which, it requires three equivalents of a fatty acid, and hence is considered a 
tri-acid b^, or, in the language of modern chemistry, a trivalent alcohol radicle. Its formula 
on this view is OaHjfOH),, and its relation to its most abundant sources is here shown : — 


Tristearin CjHj (OCuHjsO), 

Triolein CjH, (OCjsHjjO), 

Tripalmitin CjHj (OC,eH3,0)3 

Triricinolein CaH, (OC,aH3302)j 

Tributyrin C3H5 (OC,H;0)3 

Triacetin CjHj (0031130)3 


I Tallow. 

Palm-oil. 

Castor-oil. 

Bntter. 

Cod-liver-ofl. 


Next to water, glycerine is the moat powerful solvent known. It dissolves bromine, iodine, and 
carbolic acid better than water does. Klever gives a long table of the solubilities of different 
substances in 100 parts of glycerine, from which the following is taken : — 93 sodium carbonate, 
40 alum, 25 green vitriol (ferrous sulphate), 20 lead acetate, 20 sodium chlorate, 0 • 50 quinine and 
other alkaloids, 1-9 iodine, 0-20 phosphorus, 0-10 sulphur. 

With baryta, strontia, and lime, it forms compounds insoluble in water, not precipitable 
by carbonic acid. Anhydrous glycerine dissolves caustic potash and soda, oxide of lead, all 
deliquescent salts, the sulphates and chlorides of potassium and sodium, and of copper, the 
vegetable acids and alkaloids. It mixes with water in all proportions ; the following table will bo 
found very useful commercially : — 


Tabis: of Quantity by Weight of Wateb in 100 parts by Weight of Dilute Glycebine 
AT 17J° (63J° F.). — [F. Hoffmann.] 


Sp. Gr, 

Per cent. 
Water. 

Sp. Gr. 

Per cent. 
Water. 

Sp. Gr. 

Per cent. 
Water. 

1-267 

0 

1-212 

17 

1-161 

34 

1-264 

1 

1-209 

18 

1-159 

35 

1-260 

2 

1-206 

19 

1-156 

36 

1-257 

3 

1-203 

20 

1-153 

37 

1-254 

4 

1-200 

21 

1-150 

38 

1-250 

5 

1-197 

22 

1-147 

39 

1-247 

6 

1-194 

23 

1-145 

40 

1-244 

7 

1-191 

24 

1-142 

41 

1-240 

8 

1-188 

25 

1-139 

42 

1-237 

9 

1-185 

26 

1-136 

43 

1-234 

10 

1-182 

27 

1-134 

44 

1-231 

11 

1-179 

28 

1-131 

45 

1-228 

12 

1-176 

29 

1-128 

46 

1-224 

13 

1-173 

30 

1-126 

47 

1-221 

14 

1-170 

31 

1-123 

48 

1-218 

15 

1-167 

32 

1-120 

49 

1-215 

16 

1-164 

33 

1-118 

50 


Commercial glycerine is liable to contain various impurities, arising from its mode of prepara- 
tion : also certain adulterants, of which cane-sugar and glucose are the chief. Glucose may be 
detected by the brown colour formed when the suspected glycerine is boiled with caustic soda ; 
cane-sugar is shown by its deposition when the glycerine is agitated with chloroform, or, more 
certainly, by a polarizing saccharimeter, since glycerine has no rotatory action on the jilane of 
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polarizatioii. Lead is defected by sulphuretted hydic^en ; lime, by the addition of alcohol and 
sulphuric acid, a white precipitate of calcium sulphate being formed ; butyric and formic acids, by 
the characteristic smell of their ethers, produced by boiling the suspected glycerine with alcohol 
and strong sulphuric acid; oxalic acid by the addition of calcium chloride and ammonia; 
sodium chloride, by the addition of silver nitrate, which should give no precipitate with pure 
glycerine after 24 hours’ standing. A rough and ready test for impurities generally is to agitate 
the glycerine with an equal bulk of chloroform, when they collect in the intermediate layer. 

Traces of glycerine present in other substances, may be detected by the formation of formic 
ether (which smells of peach-blossom), produced by boiling glycerine with manganese binoxide, 
alcohol, and sulphuric acid. 

The uses of glycerine are very numerous, and are almost daily increasing in number. Its ap- 
plications in pharmacy are almost endless ; it is used wherever a substance requires to be kept more 
or less moist, e. g. modelling-clay, tobacco, paper for printing, adhesive gum, &c. ; also in spinning, 
“ dressing,” weaving, rope-making, and tanning. It is used in gas-meters, and in floating compasses, 
to lower the freezing-point of the water therein used ; it is an excellent preservative medium 
for meat, and for natural history specimens, to which latter purpose it was first applied in 1856 by 
Dr. Carpenter, F.E.S. Glycerine is also of great importance as the starting-point of other 
chemical products of great value, one of the most valuable of which is nitro-glycerine, the fabri- 
cation of which has been described on pp. 897-902. For this purpose, it must contain no sodium 
chloride. The engineers of the Panama canal estimate their requirements of nitro-glycerine at a 
minimum of 8000 tons, equal to about half that quantity of raw glycerine. Besides nitroe- 
glycerine, two other important products are obtainable from glycerine, viz. isopropyl iodide, and 
allyl iodide, each of which serves as the starting-point of a large series of chemical products, many 
of them of utility in the arts. They are formed by heating glycerine with hydriodic acid, thus : — 

03115(011)3 -1- 5 HI = 21^ + 3 HjO -)- CsHjI (isopropyl iodide.) 

C3H5(0H)3 -1- 3 hi = I3 -(- 3 H3O -f C3H5I (aUyl iodide.) 

When oxalic acid is heated in contact with glycerine, the former breaks up into formic acid and 
carbon dioxide. This process is much used in the preparation of formic acid, the glycerine 
employed not being consumed, but merely successively decomposed and recomposed. 

The total production of glycerine yearly was estimated by Biche, in a report on the Paris 
Exhibition of 1878, at 10,000,000 kilo., with a value of 5-6 million fr. The production was thus dis- 
tributed France, 4000 tons ; Germany and Austria, 1500 ; Holland, 000 ; Russia, 900 ; Belgium, 
800 ; Italy, 400 ; England, 300 ; Spain, 100. 

Bibliography. — G. E. Lovine', ‘ Traite de la Fabrication des Savons ’ (Paris : 1859) ; H. Dussance, 
‘Manufacture of Soap’ (Philadelphia and London: 1869); Morfit, ‘Soaps’ (New York: 1871); 
C. Deite, ‘ Der Industrie der Fette’ (Brunswick: 1878): R. 8. Cristiaui, ‘Soap and Candles’ 
(Philadelphia and London : 1881) ; F. Wiltner, ‘ Seifen-fabnkation ’ (Vienna). W. L. C. 

(See Alkali; Candles; Oils and Fatty Substances; Resinous and Gummy Substances.) 

SPICES AND CONDIMENTS (Fb., Epices, Assaisonnements ; Gek., Wiirze). 

The terms spice ” and “ condiment ” are applied to those articles which, while possessing in 
themselves no nutritions principle, are added to food to render it more palatable. Spices are 
exclusively of vegetable origin, and generally consist of aromatic fruits. Condiments may be 
regarded as embracing mineral substances like salt, artificial compounds such as ketchup, and 
bitters used for provoking an appetite. Salt is so much more important in chemical industries 
than as a flavouring, that it has been described in a separate article (see pp. 1710-40). The 
present article wiU include the dozen and a half spices which chiefly figure in commerce, as well 
as that foundation of nearly all sauces, the Chinese soy. 

Aniseed (see pp. 334-5). — The common anise (Pimpinelia Anisimi) is a native of the Greek, 
Turkish, and Egyptian shores of the Mediterranean, but is nowhere found growing wild. It is 
cultivated in Touraine and Gnienne (France), near Alicante (Spain), in Puglia (8. Italy) in 
Malta, in Bohemia, Moravia, and several parts of N. and Central Germany, in the Russian districts 
of Orel, Tula, Woronesh, and Charkov, in Greece, Morocco, Persia, N. India, and some countries 
of S. America. Of the fruits forming the common “aniseed” of commerce, there were exported 
from Mogador, in 1880, 2 serous, 8/., to France ; from Bushire, in 1879, 500 rupees’ worth to India ; 
from Revel, in 1878, 569 poods (of 36 lb.) to Great Britain; from Guatemala, in 1878, 16i quintal's 
to Belize. 

The true “ star-anise,” a fruit having exactly the same odour as anise, and from which an oU 
of anise (see p. 1416-7) is also prepared, is the hwai hiang of the Chinese, the fruit of Jllicium 
anisatwn, a small tree (25-30 ft.) in(hgenous to the countries lying south of China, and long since 
introduced into and now largely cultivated in the Chinese provinces of Yunnan and Kwangse. On 
the otherfhand, the frnit of the Japanese species (/. religiosam), called skimi, fanna skimi, or some in 
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Japan, and ao-um-m in China, though occasionally shipped firom Japan to this country in ignomnca, 
is a potent poison, and may he distinguished by having neither odour nor flavour of anise, but a 
smell resembling bay-leaves, and sctircely any taste at all. In English commerce, it is sometimes 
found mixed with the Chinese star-anise. Chinese anise is imported into .Japan for use as a spice. 

The fruits of other species deserve mention here as possible adulterants of or substitutes for the 
genuine star-anise. They are : — (1) 7. parvifioram, of the hilly regions of Georgia and Carolina, 
fruit having a sassafras-like flavour ; (2) 7. fioridanum, the “ poison-bay ” of Alabama and Florida, 
the fruit divided into 13 (instead of 8) carpels or rays, and having the flavour of true star-anise ; 
(3) 7. Griffithii, on the Bhotan and Khasia Hills at 4000-5000 ft., fruit bitter and acrid in flavour, 
and having an odour between bay-leaves and cubebs ; (4) 7. majus, on the Thoung Gain range in 
Tenasserim at 5500 ft., fruit sold as bunga lawang in Singapore, of mace-like flavour, and used as a 
febrifuge. 

Large quantities of star-anise are exported from China to England and the Continent, as well 
as overland to Yarkand and India. Macao, in 1879, shipped 8000 piculs (of 133| lb.), the produce 
of Kwangse. Pakhoi exports paying duty were vsdued at 9045i. in 1879, the average weight of the 
shipments being 6500 piculs. Shanghai, in 1879, despatched 631 piculs of whole, and 124 of broken. 
The approximate London market values are 37-40s. a cwt. for common anise, and 75-95s. for 
China star. 

The essential oils of anise and star-anise are described on pp. 1416-7. 

Capsicums, Chillies, Cayenne., lied. Pod-, or Guinea-Pepper (Fb., Piment or CoraU 
des Jardins, Poivre d'Inde, or de Guinde ; Geb., Spanischer Pfeffer). — Of the many species or varieties 
of Cqpsicu/n, two. contribute to the spice found in commerce ; — C. fastigiatum {minimum], occurring 
wild in S. India, and extensively cultivated in tropical Africa and America ; and C. annuum {longum, 
grossum], of Algeria. Several varieties of the C. annuum have httle or no pungency ; one of these is 
abundantly grown in Hungary, forming the papriia of the Magydrs. Another variety culti- 
vated in Spain is imported into this country in powder for giving to canaries, to improve the colour 
of their feathers. The smaller varieties (C. fastigiatum') are usually known as “ chillies” or “ bird 
pepper.” The Nepal capsicums, which have an odour and flavour resembling orris-root, are the 
moat esteemed as a condiment. The fruits of the first species are not more than J-f in. long, 
while those of the second reach 2-3 in. Capsicum pods and the seeds dried and pounded are 
considerable objects of trade. In 1871, Sierra Leone exported 7258 lb., and Natal, 9072 lb., 
while Singapore, in the same year, imported 1071 cwt., chiefly from Penang and Pegu. Bombay 
imported 5567 cwt., principally from the Madras Presidency, in 1872-3, and exported 3323 cwt. 

Caraways (Fb., Fruits or Semences de Carvi; Geb., Siimmel). — The mother-plant of caraway 
“ seeds ” {Carum Cai~oi) grows in moist meadows, widely throughout Europe and Asia, from Iceland 
to the Himalayas, and in a prescribed district of N. Africa, partly wild, partly under cultivation. In 
England, it is found wild in lincoln, York, and some other shires, and is cultivated with coriander 
on clay lands in Kent and Essex. It needs much care and diligence, yielding in the 2nd year a crop 
which is harvested in July, by cutting with a hook at about 1 ft. from the ground, and is ready for 
threshing a few days later, the produce of “seeds” being 4-8 cwt. an acre. In Germany the 
cultivation is largely carried on in Moravia, as well as in Prussia, especially near Halle, and in the 
districts of Erfurt and Merseburg, the yield from the two latter being stated at 30,000 cwt, yearly. 
In Holland, quantities are grown in N. Holland, Gelderland, and N. Brabant, the plants being 
wild in the two latter provinces. The fruits are exported from Finmark (Norway), and from Fin- 
land and Bussia, the plant growing throughout Continental Scandinavia, Arctic, Central, and S. 
Russia, and Siberia. Thence it extends into Persia, the Caucasus, Armenia, and the high alpine 
region of Lahoul, W. Himalaya. It is also found throughout E. France, the Pyrenees, and Spain. 
The statement that it is much cultivated in Iceland, is open to great doubt. A large variety is 
grown in isolated districts in Morocco, viz. about El Araiche and around Morocco City. The 
exports thence were 952 cwt. in 1872 ; and from Tangier to Great Biitain, they were 46 cwt. 
371., in 1878, and 120 cwt., 1181., 'in 1880. Memel, in 1879, shipped 2057 cwt., 27771. Our total 
imports in 1870 were 19,160 cwt., mainly from Holland. The kinds distinguished in the London 
market are English, Butch, German, and Mogador. 

The essential oil of caraway is described on pp. 1418-9. 

Cardamoms (Fb., Cardamomes ; Geb., Cardatnomen). — There are two varieties of the cardamom 
plant affording the commercial spice. Elettaria [Alpmia] Cardamomum, growing both wild and 
cultivated in the moist, shady, mountain forests of N. Canara, Coorg, and the Wynaad, at 2500- 
5000 ft. elevation, where the mean temperature is 22° (72° F.), and the annual rainfall 121 in. ; and 
var. jS., giving longer and larger fruits, found wild in the forests of Central and S. Ceylon. ” The 
latter are known in commerce as Ceylon cardamoms. They are about 1-1 J in. long, J in. diam. ; 
of a greyish colour, and are not bleached like the ordinary cardamoms. Large quantities of the 
fruit are collected from wild plants, but cultivation is also extensively carried on, varying 
considerably in the different districts. 
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In I^svancote, Corag, and the Wynaad, the plan adc^ted ie as follows. In the dry season, 
^ts are selected on a slope of W. or N. aspect in the shady forest where atmw of the plants are 
already growing, and a patch measuring some 250-350 ft. by 30-40 is cleared of underwood in snch 
a situation that it will be covered by felling one of the huge forest trees, whose destruction will 
admit sun and light. The cardamom plants spring up qnasi-sfMntaneously, and attain a height of 
2-3 ft during the following monsoon, after which, the patch is weeded, fenced, and left for a year. 
The plants commence to bear about 3} years after their first appearance, and continue productive 
for 6-7 years, the yield being 28-48 lb. per annum from an acre of forest containing 4 patches of 
484 sq. yd. in area. In Travancore and Cochin, cardamoms are monopolies of the native rajahs. All 
the produce of the former State is conveyed to the port of Aleppy [Alapalli], where it is sold by auction 
chiefly to ^oplah merchants for distribution over India, and the finest for export to England. 

The plant is raised from seed both on the lower range of the Pulney Hills, near Dindigul, at 
about 5000 ft., and in the betel-nut plantations of N. Canara and W. Mysore. In the former 
locality, the sholas, or forests which are moist all the year round, are cleared of underwood and 
small trees ; the cardamoms are sown, and, when a few inches high, are planted out in ones or twos 
tmder the shade of the big trees, requiring 5 years before bearing fruit In the betel-gardens, the 
plants derive shade from the palms and plautairrs, and are frmitful at 3 years. 

The cardamom harvest begins in October and continues for 2-3 months. The fruits do not 
ripen simultaneously, and therefore require much attention in plucking, while it is necessary to 
gpiard against their being eaten by snakes, frogs, and squirrels, and to gather them before the 
capsules have split. For perfection, the fruits require a short drying after collection, either by 
sun-heat or gentle fire-heat. They are esteemed in proportion to their plumpness and heaviness, 
and the sound and mature condition of their seeds, which should form about j of the weight. The 
Indian kind measure Ceylon 1-2 in. The approximate London market values 

are ; — Malabar, good, 6s.-9s, 6d. a lb., inferior, 2s. -7s. 6d. ; Aleppy, 2-9j. ; Madras, Is. 6d.-7s. ; 
Ceylon, 2s. 6d.-5s. fid. In 1872, Bombay exported 1650 cwt., 1055 being for the United Kingdom; 
and Ceylon, 9273 lb. to the United Kingdom. 

Several other kinds of cardamom possess an importance in Asiatic commerce ; they are chiefly 
as follows; — (1) Bound or Cluster cardamom (Amomum Cardumomum), a native of Cambodia, Siam, 
Sumatra, and Java, produced in small compact bunches, the fruit being nearly globular and 
smooth; (2) the Wild, Bastard, or Xanthioid cardamom, or “cardamom seeds,” afforded by A. 
xanthioides, a native of Tenasserim and Siam; these are oval and covered with short prickles. 
These two sorts are the objects of considerable trade between Siam, Singapore, and China, and one 
of them is probably the kind cultivated by the French settlers in Saigon, where 1350 picuis (of 
133| lb.) were produced in 1880. The shipments from Bangkok in 1871 were 4678 piculs (623,733 lb.), 
all to Singapore and China ; and in 1875, 267 piculs of “ true,” and 3267 of “ bastard ” cardamoms. 
Hankow imported in 1879, from abroad, 132 piculs (of 133^ lb.) of superior, 6985i., and 2362 of 
inferior, 21,732/. ; and from native ports, 142J piculs of superior, 7534/. Shanghai imported in 1879, 
327 piculs of superior, 3810 of inferior, and 233 of husks. (3) Winged or Bengal cardamom, morung 
elachi or buro elachi (A. aromaticutn), is produced in the Morung Mountains, in about 26° 30' N. lat. 
(4) Nepal cardamoms, from Amomum subulatum, are grown on well-watered hill-slopes, under shelter 
of trees, on the frontiers of Nepal, near Darjiling, and exported to other parts of India. (5) Java 
cardamoms are produced by A. maximum in that island ; these are of a brown colour, and more or 
less furnished with winged longitudinal ridges. (6) Korarima cardamoms are yielded by 
Amomum Korarima (Cardamomum majus'), an undescribed plant indigenous to the whole mountain 
region of E. Africa, from Uganda to the countries of Tumhe, Guragno, and Shoa, lying S. and 
S.-E. of Abyssinia. They are carried to Baso (10° N. lat.), and thence to Massowa, for ship- 
ment to India and Arabia. They sue of a brown colour, l|-2 in. long, | in. diam. below, oblong, 
pear-shaped, and slightly furrowed. 

The essential oil afforded by cardamoms is described on p. 1419; they are also capable of 
yielding aa much sts 10 per cent of a fatty oil. 

Cassia (Fb., Casse; Gee., Cassia). — 'The bulk of the spice known as cassia, or “Chinese 
cinnamon” as it is fi-equently called on the Continent, is produced by an imdescribed tree of 
S. China, chiefly growing in Loting and Luehpo (in Kwangtung province), Taiwao (in Kwangsi), 
and in Kweichow, and found in about 19° N. lat. in the forests of the Le Ngum valley, on the left 
bank of the Mekong, near the Annam frontier. The tree is generally referred to as Cinnamomum 
[Cassia] aromaticum. It is said to grow with little attention in situations unsuited to other crops. 
The bark of the tree, forming “ cassia Ugnea,” occurs in small bundles about 1 ft. long and 1 lb. in 
weight, bound up with split bamboo. It has been stripped off the tree by running a knife 
along each side of the branch, and gradually loosening it ; it is then allowed to lie for 24 hours, 
undergoing a sort of fermentation which permits the epidermis to be easily scraped of^ the bark 
soon drying into the form in which it appears in the market. The quills bear a close resem- 
blance to cinnamon (see pp. 1805-7), but are less uniform and less carefully prepared. They are 
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thicker and harder than cinnamon, and rarely consist of mmre than two quills, one rolled in the 
other. There is ik> donbt that the powdered bark is very largely snbstitnted for the higher priced 
cinnanran, discrimination between them being a matter of some difficnlty. The most reliable tests 
yet made known for tlieir distinction are given by Hehner, in a paper read before the Society of Public 
Analysts, Nov. 19, 1879, the main deductions from hb observations being: — (1) The proportion of 
ash in cinnamon is pretty constant (4 • 59-4 ‘78 per cent.), cassia lignea giving much less (1‘84), 
and cassia vera nearly the same as cinnamon (say 4 '08); (2) the amount of ash soluble in water 
b 25 -04-28 '98 per cent, in whole cinnamon, about 18 in chips, 8-15 in cassia vera, and 26-40 in 
cassia lignea; (3) the proportion of oxide of manganese is never more than 1 per cent. (0-13-0 -97) 
in cinnamon, but over 1 (1‘ 13-1 ’53) in cassia vera, and 3-65-5-11 in cassia lignea; (4) the 
cinnamon ash b always white, or nearly so, while both the cassia ashes are grey or brown, and yield 
abundance of chlorine on heating with hydrochloric acid. The young branches of the tree affording 
cassia lignea are collected and tied up in fagots, constituting cassia twigs, which are a large article of 
local commerce. The immature fruits of the same tree are believed to form the cassia buds of English 
trade. Cassia vera or wild cassia b an inferior kind of cassia lignea. The approximate London 
market values of the spice are ; — Lignea, 36-60s. a cwt. ; vera, 22— 16s. ; buds, 49-72s. Our imports 
of cassia bark (lignea) fluctuated from 1,408,021 lb. 1856, to 283,869 in 1861, 1,117,909 in 1865, 
349,349 in 1866, and 875,991 in 1870 ; since then, it has not been specified in the Returns. In 
1878, London received 3,500,000 lb. Hamburg usually imporb about 2,000,000 lb. annually direct 
from China, besides large quantities indirectly. The shipments from Canton, whence it b chiefly 
exported, had grown from 13,800 piculs (of 133x lb.) in 1864, to 96,778J piculs in 1879. In the 
same year, Pakhoi despatched 30181. worth ; and Shanghai, 124J picnils of buds, 3234J piculs of 
lignea, and 4467i piculs of twigs. The twigs are mainly an article of local consumption. In 1872, 
Canton shipped 456,533 lb. of them to other Cliinese ports. In 1879, Hankow imported from 
foreign porta, 1387 piculs of lignea, 87731. ; and from native ports, 128j piculs of buds, 3811., 
1182^ of lignea, 74791., and 3990| of twigs, 34421. The trade in buds has decreased, the exports 
from Canton having fallen from 400 piculs in 1848, to 233 in 1866, and 165 in 1867. Our imporb 
of them in 1870 were 29,321 lb. ; Hamburg received 1324 cwt. in 1876. 

Several other non-Cingalese species of ClBnamomum afford kinds of cassia bark in their respective 
localities. In the Khasb moiintains of E. Bengal, the barks of three species ((7. dbtusifoHum, 
C. pauciflcrum, and C. Tamala), growing wild at 1000-4000 ft., have recently been collected and 
brought down to Calcutta. At least part of the cassb bark of S. India b produced by C. iners, 
possibly only a variety of the true cinnamon (C. zeylaniaum), found in Indb, Ceylon, Tavoy, and the 
Indian Archipelago ; the fruits are also gathered in some districb of S. India, but are much 
inferior to Chinese buds. C. Tamoia extends into Silhet, Sikkim, Nepal, Eumaon, and even 
Australb. The Archipelago produces two species, C. Cassia and C. Banmnni var. o. chmcTise, both 
said to be cultivated in Java. Padang (Sumatra) exported 6127 piculs (817,066 lb.) of the bark in 
1871 ; and Cadiz imported 93,000 lb. from the Philippines in the same year. 

According to Low, the kulit lawang of Borneo is the aromatic bark of a wild species of 
“ cinnamon,” and is produced in abundance in all parts of the bland. It much resembles the true 
cinnamon of Ceylon. A recent writer on the Indian Archipelago (Moore) states that “ cinnamon ” 
b the most costly product of Cochin China, and b an uncultivated article. It has a very pungent 
taste, and b far more aromatic than that of Ceylon. There are several qualities of it, some of 
which bear a most exorbitant price, and are solely appropriated for the royal use. The outer rind 
is never removed from it, and it b consequently much thicker than Ceylon cinnamon. It is in 
high demand among the Chinese, who export large quantities, and prefer it to the best cinnamon 
of Ceylon. Possibly it is this particular kind which b meant in the Consular Returns for Shanghai 
for 1879, where an export of 50^ piculs (of 133i lb.) of “cinnamon” b stated, in addition to the 
figures relating to cassia. Hanbury and FlUckiger doubtfully refer this thick “ cinnamon,” or more 
properly cassia, to C. Cassia and C. Burmanni var. o, chinense. 

The essential oil of cassia b described on p. 1419. 

Chiretta or Chirayta. — This condiment consbts of the entire plant of Ophelia Chirata 
[Gentiana Chirayita'] collected when the capsules are fully formed, and tied up in flattish fagots, 
3 ft. long and weighing 1 J-2 lb., with bamboo slips. The pbnt inhabits the mountainous districts 
of N. India, from Simla through Kumaou to the Murung dbtrict in S.-E. Nepal. It is much 
used in Indb, and somewhat in England as a tonic bitter, and substitute for gentian in cattle- 
foods. An inferior variety, Ophelia angustifolia, b sometimes mixed with this drug as found in 
English commerce. It is less bitter, and b dbtinguishable by the absence of pith, and by the more 
woody stem. 

CinnainOli (Fb., Cannelle de Ceylan\ Geb., Zmmt, Ceylon Zimmt, EaneeT). — True cinnamon, 
with which cassia' is often confounded, b produced by Cinnamomum zeylanicum, a small evergreen 
tree of many varieties, distributed through the forests of Ceylon up to 3000 and even 8000 ft. The 
quality of the bark varies exceedingly with local conditions, some being so inferior^ as to be 
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ooUeeted only for purposes of adnlteration. The cnltnre of the best kind serana to be restricted to 
a strip of country 12-15 miles broad on the S.-W. coast of Ceylon, between Negnmbo, Colombo, 
and Matnra, np to an elevation of 1500 ft. A sandy soil is generally selected, bat others may be 
chosen, such as a mixture of sandy with red soil, free from quartz, gravel, or rock; also red 
and dark-brown soils. Such land in a flat country is preferable to billy spots. A rocky and stony 
subsoil is not adapted, as the trees would neither grow fast, nor yield a remunerative return. In 
making a plantation, the whole of the ground should be cleared, leaving a few trees 50-60 ft. apart. 
The felled trees should be well lopped, burned, and cleared away. The stamps and roots, after 
burning, may be allowed to remain, in order to save expense of carriage, merely observing some 
degree of order in their disposition, by forming regular rows. Holes are dug 8-10 ft apart and 
1 ft. sq. ; the distance between the plants depends upon the nature of the soil : the poorer the soil, 
the nearer should the trees be planted, and vice versa. Should the holes be intended for cinnamon 
roots, or stamps, the latter must be carefully removed with as much earth as can be carried up 
with them, and placed in the boles, taking care not to return the earth removed ori^nally in 
digging the holes, but filUng them with the soil scraped from the surface, which has been 
previously burned, exposed, and formed into manure. Should no rain fall after placing the roots 
in the boles, the stamps are well covered, and watered morning and evening, until the sprouts 
shoot out fresh buds, which will be in a fortnight or so from the time of transplanting ; watering 
may then be discontinued. In a month, the new shoots will be 3-4 in. high, much depending upon 
the weather. If the holes be intended for young plants or seedlings, the latter are removed with 
boles of earth from the nurseries, and placed in the holes, taking the same care as with the 
stamps, both in watering and covering, in the event of its being dry weather. The coverings 
should not be removed until the plant throws out a new pair of leaves from the buds, which is a 
sign of their having taken root. When a plantation is formed of old stumps, all the branches are 
cut down to within 6 in. from the ground ; this should be done with one stroke of a sharp 
instrument, in order to avoid the splitting of the stem. From these stumps, cinnamon may be cut 
and peeled in 12-18 months from the time of transplanting. From seedlings, no crop can be 
expected before 2-3 years from the date of the transplanting, when there will be but single trees 
These, when out down as already observed to 4^ in. above the ground, ought to be covered with 
fresh earth gathered from the space between the rows, and formed in a heap around the hose 
The next crop wUl be 3-4 times as much as the first, from the number of sprouts the stem will 
throw out, and so on every year, the crop increasing according to the number of sprouts each stem 
will throw out yearly from the cuttings. In the course of 7-8 years, the space left between the 
rows will only admit the peelers and weeders, as the branches from opposite bushes will almost 
touch each other. The plantation must be kept clean and free from weeds. Cinnamon requires no 
manuring ; but when weeding, the roots of the bushes should be covered and heaped np with the 
surface soU, this being done as soon as the cinnamon sticks are removed for peeling. The 
plantation requires weeding 3-4 times a year during the first 2-3 years, then twice a yeat will 
answer the purpose. 

For the nursery, a space of ground is selected in rich soil free from stones. The whole brush- 
wood is cleared, leaving only the large trees for shade ; all stumps, stones, and roots are removed 
and the place is well dug 6-8 in. deep, and formed into long beds 3-4 ft. wide ; the seeds are sown 
9-12 in. apart, and shaded at 8-12 in. above the ground by a pandalof leaves ; they are watered on 
alternate days until they have one pair of leaves, and the watering is continued in very dry 
weather; but the shade is not removed until the plants are 6-8 in. high, and can bear the sim. 
These seedlings will be ready for transplanting 3 months after the time when they were sown. 
Kurseries are made just before the close of the year. When this is done first, the land is prepared 
during the dry season, from December to March, both inclusive. April sets in with heavy rain 
generally in Ceylon, and the weather continues wet till September-October. The cinnamon seeds 
are gathered when fully ripe, and heaped up in a shady place; the outside red pulp then rots 
and turns quite black, allowing the seeds to be trampled out or otherwise freed from the decom- 
posed pulp: the seeds are weU washed in water (just as is done to cherry coffee, before making 
into parchment in the white shell, see pp. 702-3), and dried in the air without exposure to the sun 
Seeds that float on the surface of the water should be rejected. The quality of the bark depends 
upon its situation on the branch : that peeled from the middle of the bush or branch is the bS; or 
“ 1st ” sort ; that taken from the upper end, the “ 2nd ” ; while that obtained from the base of the 
branch, or the thickest end, is called “ 3rd ” sort. The peeling process commences early in Mar 
and continues untU late in October. When a Chilaw perceives a shoot of a proper ^wth he 
strikes a smaU bill-hook (catty) obUquely into the shoot, and gently opens the gash to discover 
whether the bark separates freely from the wood ; should this not be the case, he leaves the sucker 
for a future time. Some shoots never arrive at a fit state for decortication. Those which are cut 
are usually J-f in. diam., and 3-5 ft. long. They are tied in bundles, and carried to sheds anDro- 
printed to the preparation of the cinnamon. 
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Being cleared of small shoots and leaves, two longitudinal slits are made in the bark, which is 
gradually loosened by the convex side of a peculiar knife (mama), and then usually half the circum- 
ference of the bark comes off in one entire slip. When the bark adheres firmly to the wood, it is 
strongly rubbed with the handle of the peeling-knife, until it is disengaged and stripped off. The 
sections of the bark thus obtained are carefully telescoped one into the other, collected into bundles, 
and firmly pressed or bound together. In this state, they remain for 24 hours, or more, thereby 
facilitating the subsequent removal of the cuticle. The interior side of each section of bark is 
placed on a conve.x piece of wood, and the epidermis, together with the greenish pulpy matter 
immediately under it, is carefully scraped off by a curved knife. This is an operation requiring 
some nicety, for if any of the outer bark be allowed to remain, it gives an unpleasant bitterness to 
the cinnamon. In a few hours after the removal of the cuticle, the pieces are put one into the 
other till they form almost solid sticks about 40 in. long. On the first day, they are suspended 
under shelter upon open flat forma ; on the second day, they are placed on wickerwork shelves, and 
exposed to the sun. When snflSciently dry, they are made up into bundles of about 30 lb. each, 
which, previous to shipment, are subjected to a process of assortment. For export to Europe, the 
bark of large shoots or thick branches, producing coarse cinnamon, and that of very young and 
succulent shoots, possessing little flavour, is rejected, and used for the preparation of the essential 
oil (see p. 1419). 

The cinnamon-gardens of Ceylon had increased from 14,400 acres in 1860-4, to 26,000 in 1878. 
It is still being extensively planted upon nearly worn-out coffee estates, and upon other land con- 
sidered unpromising for more valuable crops, and the results are said to be satisfactory. The 
exports from the island have fluctuated considerably, having been 776,675 lb., 38,833i., in 1864, 
2,685,395 lb., 134,270/., in 1869, 1,132,191 lb., 53,077/., in 1874, and 1,665,481 lb., 78,069/., in 1878. 
The London market values of Ceylon cinnamon are : — 1st quality, Is. -3s. 6d. a lb. ; 2nd, ll-28(/. ; 
3rd, 7-21d.; 4th, 7-18d. ; chips, li-6Jd. 

The peculiar tendency of cinnamon to deteriorate in new localities, coupled perhaps with the 
absence of due care and experience, has rendered it impossible to produce the spice equal to the 
Cingalese article anywhere outside that island. It is most nearly approached by that grown in 
S. India, known as “ Malabar,” “ Tinnevelly,” or “ TeUicherry,” and valued at Is. 5d.-2s. 4d. a lb. 
In the Seychelles, are said to exist 2000 acres of cinnamon shrubs, which are utilized solely as fire- 
wood. In Dominica also, the plant is found commonly in a wild state. Brazil and French Guiana 
afford insignificant quantities of a very inferior cinnamon. But Java occupies an important position 
as a producer of this spice. The culture and preparation do not differ essentially from the methods 
practised in Ceylon, but the packing is usually effected in wooden cases, and black pepper is said 
to be sprinkled among it to preserve the flavour. The exports from Java in 1879-80 were : — 
638picais (of 135J lb.) to Holland, and 24 to Australia. 

Our imports of cinnamon in 1880 were : — 1,377,272 lb., 91,544/., from Ceylon ; 189,548 lb., 8213/., 
from other ooimtries; total, 1,566,820 lb., 99,757/. Our re-exports in 1880 were 1,172,166 lb., 
78,805/., chiefly to Spain, Germany, Mexico, and Holland. 

Other Cinnamomum spp., and the means of distinguishing cinnamon from cassia, are described 
under the latter (pp. 1804-5). 

Cloves (Fb., Girofles, Cions de Girofles-, Geb., Geumrznelken ). — The name cloves is applied to 
the dried flower-bnds or calyces of Eugenia caryophyllata [Caryophyilxis aromaticus'], an evergreen tree 
of 30-40 ft., indigenous only in the five small islands constituting the Moluccas proper (Tarnati, 
Tidor, Mortir, Makian, and Bachian), but introduced at various times into, and more or less widely 
cultivated in, Amboina, Haruku, Saparua, Nusalant, Sumatra, Penang, Malacca, Mascarene 
Islands, Be'union, Mauritius, Zanzibar, Pemba, Jamaica, Dominica, and French Guiana. 

In cultivating cloves, the mother-cloves (fruits) are planted in rich mould about 12 in. apart, 
screened from the sun, and duly watered. They germinate within 5 weeks, and, when 4 ft. high, 
are transplanted at distances of 30 ft. There should be a certain amount of sand in the soil to 
reduce its tenacity, and less manure is required than for nutmegs. The tree naturally selects a 
volcanic soil, and a sloping position. The yield commences at about the 6th year, and is at its 
maximum in the 12th year, when the average annual produce may be estimated at 6-7 lb. of 
marketable fruit from each tree. There is usually a crop every year, but in Sumatra, the trees often 
bear only twice in 3 years. When past its prime, the tree has a ragged appearance. Its existence 
in Sumatra is supposed to be limited to a duration of about 20 years, except in very superior soil, 
when it may perhaps last 24 years ; yet in Amboina, it does not bear till the 12th-15th year, and 
continues prolific to the age of 75-150 years. Hence, it is necessary to plant a succession of 
seedlings when the old trees have attained their 8th year, this octennial system being adhered to 
throughout. The slight hold which the trees have upon the soil, renders it very desirable that 
they should be provided with shelter from strong winds. With this object, the plantations in 
Sumatra are belted with a double row of Casuarina littorea and Cerbera Manghas. Similar pre- 
cautions in Zanzibar and Re'union would probably have mitigated the havoc recently created by 
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hurricanes among their doTO-gardena. The harvesting <d the floirer-bnds (cloves) eommences 
immediately they assnme a bright-red ccdonr. The best and most usual plan is to ^uck 
singly by hand, movable stages &cUitating the operation in the case of the upper brandies. Some- 
times, however, they are beaten off by long bamboos, and eangbt in cloths spread below. The 
plucked cloves nndago a process of drying, which ccnfers a brown hue, and prepares them for 
packing. In Sumatra, simple exposure to the sun for several days on mats is the common 
method ; but elsewhere they are occasionally also smoked on hurdles covered with matting near a 
slow wood fire ; and very rarely they are scalded in hot water before smoking. They are ready 
for pdeking when they break easily between the fingers. 

The production of cloves finctnates enormously. The Moluccas, or rather the four of them where 
the tree is cultivated (Amboina, Harukn, Saparua, and Nnsalant), produced 869,727 Amsterdam lb. 
(of 2-2 lb.) in 1846, but only 89,923 in 1849; in 1854, Nnsalant harvested 120,283 Amsterdam lb. 
from 13,042 trees (an average of 9 lb. a tree), Saparua 181,137 from 29,732 trees, Harukn 38,803, 
Amboina 170,689 ; total, 510,912 Amsterdam lb. Java exported only 92 piculs (of 135J lb.) in 
1879-80; but in 1878-9, the figures were 1614 to Holland, 5 to Sweden, 3 to America, and 1237 to 
Singapore, total 2859 piculs. Of late years, the islands of Zanzibar and Pemba on the E. African 
coast, have been the chief producers of cloves, yielding a maximum annnal crop of lOJ million lb 
before the disastrous hurricane of 1872. The clove-gardens of Pemba, situated mostly on the W. 
side of the island, escaped the destruction which befel the larger island. The exports from these 
two islands go largely to Bombay, also direct to America and Hamburg, smaller quantities reaching 
the Bed Sea ports by native craft. For European and American markets, the packages used are mat 
bags made of split coco-nut leaves ; for native ports, simply raw hides. The Bombay imports were 
45,642 cwt in 1869-70, 20,968 in 1870-1, 43,891 in 1871-2, 25,185 in 1872-3. Ke'union in 1825-49 
produced yearly as much as 800,000 ido. (of 2-2 lb.), but has recently sufiered much from hurri- 
canes; the crop of 1879 was destroyed by a cyclone, and the exports for 1879 (8777 iiYo.) were 
merely re-exports from St. Marie de Madagascar. In Jamaica and Dominica, cloves flonrish 
remarkably, and are eminently suited for cultivation with nutmegs by small proprietors on the 
hills. Our imports in 1870 were 1,089,667 lb., 16,374/. ; there are no specific returns since. We 
received 3271 cwt. from Bombay in 1872-3. Hankow, in 1879, imported 256| piculs (of 13^ lb.) 
of cloves, 4056/. ; and 30 piculs of mother-cloves, 438/. The cloves of commerce vary in plumpness 
brightness of tint, and yield of essential oil. The values of the chief kinds met with in the London 
market are Penang, 20-29<i. a lb. ; Amboina, 16-23d. ; Zanzibar, 14-19d. 

Clove-stalks, the vikunia of the natives, are largely shipped from Zanzibar, and used in the 
manufacture of mixed spice and for adulterating ground cloves. They yield 4-6J per cent of 
volatile oiL Mother-cloves or fruits are also exported, probably for a similar purpose. In one 
drug sale in 1873, 4200 packages of the former were sold at 3-4c/. a lb., and 1050 bags of the latter 
at 2-3d. a lb. The microscope will reveal the stone-cells of the stalks and the large starch- 
granules of the fruit, as well as both stone-cells and starch-granules if pimento has been 
fraudulently added. 

The essential oil of cloves is described on p. 1420. 

In Brazil, the fiower-buds of Dicypellium cai-yophyllatum, whose bark furnishes clove cassia are 
used as substitutes for true cloves. ’ 


Coriander (Fb. Coriandre-, Geb. Abriander).— Coriander-seeds are the produce of Coriandrum 
sativum, a small plant now found growing as a cornfield weed in many temperate and tropical 
countries. It is cultivated in the E. counties of England, especially Essex, and in various parts of 
the Continent ; it is also produced in India and N. Africa. In the Dutch E. Indies, a larger and 
more oval variety is met with. In England, under the name of “ col,” it is sometimes sown with 
caraway, and gathered in the first year, while the caraway is left on the ground till the following 
season. The seedlings are hoed out so as to leave rows 10-12 in. apart. Harvesting is performed 
with sickles, and the dry seed is threshed out on a cloth in the field, an average crop being 15 cwt 
an acre on the best land. In 1872-3, Sind exported 948 cwt., and Bombay 619 cwt., while Calcutta 
shipped 16,347 cwt. in 1870-1. Corianders are mostly need for flavouring gin, and in the manu- 
facture of curry-powder. 

The essential oil is described on p. 1420. 

Cumin. See Drugs, pp. 809-10. 

Galangal or Galingale (Fb., Galanga ; Gk., Galganf).~Tho galangal root now met with in 
European commerce is the rhizome of the lesser or Chinese plant {Alpinia officinarum') cultivated in 
Hainan Island, S. China, and probably also in some of the adjacent mainland provinces while the 
greater or Java galangal (A. Galanga') is rarely seen amongst us. In E. Europe, particularly Russia 
^ it is used as a spice, for flavouring tea and liqueurs, and in cattle medicine. Shanghai exnorted 
370,800 lb., value 3046/., in 1869; and Kiungchow, 2113 piculs (281,733 lb ) in 1877 and Wfili 
piculs, 2194/. in 1879, the latter stated oflficiaUy to come entirely from the mainland onn^site It it 
of a dark-brown colour, and powerfully pungent. “ 
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The essential oil is described on p. 1421. 

Gentian (Fa, Gentiane ; Gsa, Enzian). — Gentian is the dried root of G. lutea, a native of open 
grassy places on the mountains of Central and S. Europe, as far north as the Suabian Alps, near 
Wurzburg. The roots of several other species are sometimes collected and mixed with it, viz. : — 
(1) G. purpurea, found in meadows on the Apennines, in Savoy, Switzerland, Transylvania, and 
S.-W. Norway, and a variety in Kamschatka ; (2) G. punctata, indigenous to the Alps of S.-E. 
France, Savoy, S. Switzerland, extending E. to Austria, Hungary, and Boumelia ; (3) G. pan- 
nonica, met with only on the mountains of Austro-Hungary. G. Catesbcei [Saponaria'] is gathered 
for home consumption in the United States. The roots are collected and dried. Our supplies 
come mostly from Germany, but partly also from Marseilles. Our imports in 1870 were 1100 cwt. 
In England, it is used medicinally (see p. 811), but principally as an ingredient of cattle- 
foods. In Bavaria and Switzerland, advantage is taken of its 12-15 per cent, of uncrystallizable 
sngar to make from it a liquor known as Enziangeist or “ gentian-spirit.” 

Ginger (Fb., Gingembre ; Geb., Ingtcer). — Ginger is the dried rhizome, either scraped or 
unscraped, of Zingiber officinale [Amomum Zingiber'], a reed-like plant indigenous to Asia, and uni- 
versally cultivated in the warmer parts, but not known wild ; now to be found also in the W. Indies, 
S. America, Tropical W. Africa, and Queensland. 

In Jamaica, propagation is effected hy division of the root, the pieces being planted in well 
cleared and trenched land in March-April, flowering in September, and fading towards the end of 
the year ; when the stems are quite withered, generally about January, the roots are dug up, picked, 
cleaned, gradually scalded in boiling water, sun-dried for several days, and packed, forming 
“ hands ” or “ races ” of so-called “ coated ” (i. e. not deprived of epidermis) ginger. Jamaica had 
227 acres under this crop in 1875-6, and 144 in 1877-8. The exports from the island were 
1,261,873 lb. in 1869, only 599,766 in 1871-2, 1,613,764 in 1875-6, and 908,603 in 1877-8. The 
London market values of Jamaica ginger are approximately 4J-12i. a cwt. for fine, and 2J-5J/. for 
ordinary to good. Formerly Barbados and Hayti used to grow ginger in considerable quantity ; but 
the latter now exports none, and the shipments of green ginger from the former were valued at only 
561. in 1877, and 411. in 1878. Our imports from the British W. Indies were 15,594 cwt. in 
1876. 

Little is known about the production of ginger in Sierra Leone. In 1868, the value of the 
export was 18,917/.; in 1869, 14,008/. Our direct imports were 6612 cwt. in 1878, and 11,951 in 
1879. About half the produce comes to England, and the other half goes to America. The London 
market value of African ginger is only about 18-25$. a cwt. 

The cultivation of ginger in India extends from the Him^ayas to Cape Comorin. In the Hill 
States, the best “ races ” of the previous year are smeared with cow-dung and placed in a corner 
where they will not dry up. After the first rain, the land is ploughed 2-3 times, and divided into 
little beds which will shed the water readily. Boot-sections are then planted 3 in. deep and 9 in. 
apart, and covered with dead leaves and J in. of manure. Watering is resorted to in the dries. 
When the plants are about 2 ft. high, the rhizomes are dug up, buried for a month, sun-dried for a 
day, and are ready for use. To get it into south, or keeping condition, the fresh rhizomes are shaken 
in a basket for 2 hours daily for 3 days, then sun-dried for 8 days, and again shaken. Thus the 
outer skin is removed, and 2 days’ further drying finish it for the market. In Dacca, the natives 
cleanse the roots by boiling lime-water. In Mysore, a red soil free from stones is considered best ; 
between 11 April and 11 May, the ground is hoed, and made into ridges 18 in. broad, 18 in. high, 
and 18 in. apart, with perpendicular sides ; two tows of cuttings are put into each ridge, slightly 
covered with earth, and protected by a screen of bushes. Between mid-June and mid-July, the 
shoots appear, and 10 days later the bushes are replaced by small twigs, and weeding is done by 
hand. About mid-December to mid-January, the roots are fit for pulling. Those intended for 
replanting are mixed with a little red mud, and immediately buried in a pit ; those intended for 
sale are deprived of the outer skin by scraping with a knife, sprinkled with the ashes of burnt 
cow-dung, and dried on mats for 8-10 days. Our imports ofE. Indian ginger were 7472 cwt. from 
Bombay and Sind in 1877, increased to 25,781 cwt. in 1879 ; 7202 cwt. from Madras in 1877 ; 
16,470 cwt. from Bengal in 1878. The London market values are about 16-22s. a cwt. for Bengal, 
and 23-125S. for Cochin. 

Much ginger is grown in China, and considerable quantities of the young succulent rhizomes 
preserved in syrup are sent to this country. Our imports were 9372 cwt., 25,722/., in 1872, and 
6996 cwt., 19,894/., in 1875. The Venezuelan port of Ciudad Bolivar shipp^ 450 lb. to New York 
in 1878 ; and Panama exported 98/. worth to the United States in 1879. 

“ Scraped ” or “ uncoated ” (decorticated) ginger is often bleached by subjection to the fumes of 
burning sulphur, or by immersion in chloride of lime solution, while much is washed over with either 
sulphate or carbonate of lime. Our total imports in 1880 were from : — Bombay and Sind, 23,249 cwt., 
45,828/.; Madras, 12,492 cwt., 25,460/. ; British W. Indies, 5639 cwt., 28,624/. ; Bengal and Burma, 
3617 cwt., 3713/. ; W. Africa, 3142 cwt., 3000/, ; other countries, 1823 cwt., 2920/. ; total, 49,9Q2cwt, 

5 z 
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' 109,545/. The total figure for 1876 was 62,164 owt. Onr re-exports in 1880 were 18,086 ewL, 
32,152/., chiefly to Germany, the United States, and Anstralia. 

The essential oil is described on p. 1421. 

Mustard (Fb., Mautardle ; Geb., Sinf). — Black mustard is the seed of Brassica [Sirmpis] nigra 
and white mustard that of B. [S.] alba, while Indian mustard, brown mustard, or rui is afforded by 
B. [/$.] juncea, and is sometimes offered in London sales for black mustard. S. glauca and S. ramosa 
also yield a white mustard-seed in India. 

The first species is found wild in all bnt the most northern parts of Europe, as well as in N. Africa, 
Asia Minor, Mesopotamia, the Caucasus, W. India, S. Siberia, China, and naturalized in N. and S. 
America. It is cultivated extensively in Alsace, Bohemia, Holland, Italy, and on the richest alluvial 
soils in England, notably in Lincolnshire and Yorkshire. The great aim of the grower is to produce 
reddish-brown seed, without any intermixture of grey, which is attributed to rain during the ripen- 
ing, and greatly lowers the value of the parcel. The crop requires very little tillage. A shallow 
furrow is ploughed, and the seed is sown broadcast, at the rate of 1 bush, an acre, in April, the 
harvest taking place in June-July following. The land is generally snfiiciently seeded to produce 
a 2nd crop, which is sometimes gathered within the same year. A yield of 40 bush, an acre is not 
uncommon. The French departments of Nord, Pas de Calais, Bas-Ehin, and Charcnte annually 
produce about 650 tons, value 6000/., while the whole production of France in 1867 was stated at 
3000 tons. 

The second (white) species belongs rather to S. Europe and W. Asia, but its cultivation is 
extending in England, where it is grown as an agricultural crop in Essex and Cambridgesliire. It 
is much leas remunerative than black mustard. 

The third species is extensively cultivated in India, Central Africa, and other tropical countries. 
It flourishes particularly well in the saline soils of S. Russia and the steppes lying N.-E. of the 
Caspian, some 800 tons of seed being annually prepared for table at Sarepta, in the government of 
Saratov. 

The mustard flour which constitutes the domestic spice is prepared from the seeds crushed 
between rollers, pounded, sifted, and re-sifted into 3 qualities, “ 8U[>erfine,” “ fine,” and “ seconds.” 
Only the seeds of the black and white species are supposed to be employed ; bnt it is exceedingly 
probable that much of the third kind finds its way into the composition, as flour, turmeric, and 
capsicums are known to do in the lower grades of the article. Characteristic tests by which white 
and black mustard-seeds may be distinguished are : — (a) The aqueous extract of white mustard 
soon acquires a powerful odour of sulphuretted hydrogen, wbUe the black smells only of the pun- 
gent oil : (6) the aqueous extract of the former is coloured deep blood-red by ferric chloride solution. 

British India exported 1418 tons of mustard-seed in 1871-2, 790 tons going to the United King- 
dom, and 516 to France ; in 1876, the total figure was 12,770 cwt. ; in 1879, only 5016 cwt. Nioo- 
laieff (Russia) exported 498 quarters (of 8 bush.) in 1879. 

The fixed and volatile oils of mustard-seed are described respectively on pp. 1396, 1424. 

Nutmegs and Mace (Fb., Muscades et Mads-, Gbb., Muskainiisse nnd Mushatbluthe). The 

fruit of Myristica fragrans [moschata, officinalis], somewhat resembling a small round pear, contains 
a single seed, the kernel or nucleus of which forms the “ nutmeg ” of commerce, while its fleshy 
crimson envelope (arillus] is called •• mace.” The tree is a bushy evergreen of 40-50 ft., found wild in 
the Banda Islands, Damma, Amboina, Ceram, Bouro, Gilolo (Halm^era), the W. peninsula of New 
Guinea, and in many neighbouring islands, but not indigenous westward of these, nor to the 
Philippines. It has been introduced with varying success into Bencoolen (W. Sumatra), Malacca, 
Bengal, Singapore, Penang, Brazil, the W. Indies, French Guiana, and Reunion; but the Banda 
Isles remain the chief nutmeg-garden of the world. Of these islands, three are planted with the 
trees, viz. the Great Banda or Lonthoir, Banda Neira, and Pulo Aai. There are in all 34 parks 
containing 319,804 bearing trees. The total produce from these yearly is about 4000 piculs (of 
139i lb.) of nutmegs, and 1000 of mace; this gives little more than IJ catti (of 1-39 lb.) of spice 
for each tree per annum, but then a very large proportion of the produce is lost from the following 
causes : much cannot be collected from the height of the trees, and the inaccessible places in which 
hundreds of them are placed, and much is lost by wind-falls; a large pigeon called walur feeds 
extensively upon the fruit, and ejects it after digesting the mace ; besides these, field-rats eat the 
nuts. The distribution amongst the islands is in the following proportions : Great Banda, 25 
parks ; Neira, 3 parks ; Pulo Aai, 6 parks. The chief labour is performed by convicts furnished by 
the Dutch Government, there being no indigenous population in Banda. ’ 

The only attempt at cultivation is the cutting close with long knives the ferns and grass below 
the trees. There does not appear to be that tendency to the giewth of weeds and underwood that 
exists so strongly in the Straits, to the great detriment of the planters. No manure or artificial 
stimulus is used ; the plants deposited abundantly by the pigeons are merely taken up and stuck 
in wherever a vacancy occurs, therefore no regularity is observed. In some places, clumps of trees 
are gto^ng together not more than 10-12 ft. apart, all growing without exception under the shade 
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of the eanari (Cananum commune). The nntmeg cannot be said to be cultivated in Banda : it 
is merely collected. It has occupied its present position there from time immemorial. 

With regard to the difierenees that exist between the Banda trees and those of the Straits, the 
first remarkable feature is their respective heights. The tree of the Straits is a mere shrub com- 
pared with that of Banda, where 50-60 ft. is no uncommon size. It would appear that tlie shading 
is overdone in the Straits, at the same time, owing to the strong winds that constantly prevail, the 
tree needs shelter of some description. The tree as a general rule does not bear fruit before the 8th 
or 9th yejr, and is not considered in its prime until about 25 years old ; it is said to bear well up 
to 60 years, and even longer. The male tree is touch shorter lived than the fruit-hearing one. 
The parkineers in the Bandas do not estimate the proportion of males above 2 per cent. ; if this be 
the case, there are far too great a number in the Straits plantations. With respect to the propor- 
tion of males and females yielded by a given number of planted seeds, the parkineers say they 
never get more than 30 per cent, of males, and seldom so many; this again is far better than 
Straits planters can boast of. The Banda fruit hangs upon longer and more slender stalks than 
the Straits, tlie skin is more free from all blemish, more thin relatively to the fruit, and of more 
uniform proportion. The black spot or gangrene of the outer covering exists among the Banda 
plantations, but in so slight a degree that but little account is taken of it. It is caused by 
an insect depositing its larvse in the husk ; they feed on the saccharine matter of the outer 
covering, until it bursts, when they make their way into the soft nut itself, and become the small 
weevil so well known to all planters. The Banda nuts frequently split before maturity, as in the 
Straits; this is produced by similar causes, — cold, damp weather, and sudden changes of tem- 
perature. The Banda trees bear more or less every month throughout the year, but there are four 
months in which the crop is four or five times its nsnal quantity, these are May, June, September, 
and October. The Banda method of collecting the fruit is far better than that adopted in the 
Straits. They use neatly made oval baskets of bamboo, open for half their length on the upper 
side, with a couple of prongs projecting from the top ; these seize the fruit-stalk, and, by a gentle 
pull, the nut falls into the basket, which is capable of containing three or fonr nutmegs. Thus the 
mace is not spoiled or bruised by falling on the ground, and there is no searching about the grass 
for the escaped nut. 

The Banda manner of breaking them when dried is also superior. This is done by spreading 
them on a sort of drumhead, and striking them with flat pieces of board. Several are cracked at 
each stroke, swept off, and resupplied as fast by a man standing alongside. One man in this way 
will break more nuts without injury than half a dozen men after the Straits fashion. Women and 
children are employed in the collection of the produce, which is brought in twice a day. The mace 
is removed by scraping with large knives from the base, and is probably not a little injured by the 
operation. The plan of removing it by the hand from the apex is decidedly preferable, as the inter- 
lacings of the mace are thus freed, and the blade is better expanded. In Banda, the mace is dried 
in the sun, and delivered monthly at the Government godowns ; the nuts are smoked, in the usual 
Straits fashion, by slow wood fires, for three months, and delivered quarterly. The mace, when 
received, is divided into three qualities, and packed in casks containing about 280 lb. ; in packing, 
very slight pressure is used, such as a man standing in the cask and treading down the spice as it 
is filled in. The nuts, when broken, are packed in wooden bins, filled up with lime and water to 
the consistency of mortar, where they are allowed to remain for three months, the bins being care- 
fully closed and marked. At the expiration of three months, they are taken out, sorted into three 
qualities, and packed in casks similar to those used for the mace ; these casks are all made of the 
best Java teak. The refuse nuts are ground down to a fine powder, and converted into “ nutmeg- 
butter,” by steaming them over large caldrons for 5 or 6 hours, and compressiug the warm mass, 
packed in bags, between powerful wedges, when a brownish-coloured fluid runs out. This on 
cooling becomes of a saponaceous appearance and consistence, and is the “nutmeg-butter” or 
“ mace-oil ” of commerce. It is further described under Vegetable Fixed Oils, pp. 1396-7; 

It should be observed that the Banda method of breaking and liming the nuts, which originated 
with the Dutch policy of monopolizing the culture by destroying the vitality of the exported nuts, 
is still widely persisted in, and even necessary to suit the prejudices of certain markets. But our 
planters in Bencoolen adopted a much simpler plan, and one which did not entail the spoiling of a 
large proportion of the nuts. It consists in exposing the nuts on frames to the gentle heat of a smoul- 
dering fire, with proper ventilation, for 2 months, turning them every 2nd or 3rd day ; the sheila 
are then cracked by a wooden mallet, and the assorted nuts are rubbed over with dry hme. Even 
dry liming is said to be unnecessary, as the nuts keep well in their shells, and are thus imported 
into Chinese markets ; but the weight of the shells adds a third to the cost of freight, which 
is important in long transport. 

The Banda Isles remain the chief soxirce of nutmegs and mace, despite all attempts to establish 
the culture elsewhere, and the figures show a continuous increase in the exports. The shipments 
from Java of Banda produce in 1878-9 were: — Nutmegs: 10,475 piculs (of ISSJ lb.) and 7y!ases to 
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Holland, 266 piculs to America, 302 pkids to Singapore, 78 piculs and 11 cases to Port Said, St piculs 
to France, 9 piculs to England ; mace : 2832 pteuls and 26 cases to Holland, 18 piculs to England, 
14 piculs to Singapore, 10 piculs and 6 cases to Port Said. In 1879-80, the figures were Nutmegs : 
5216 piculs to Holland, 61 to France, 1130 to America, 31 to Australia, 777 to Singapore, total, 
7215 ; mace : 1902 j^uls to Holland, 103 to America, 4 to Australia, 23 to Singapore, total, 2032. 
The exports from Penang in decennial periods were : — 1840, 598 piculs (of 133J lb.) nutmegs, 159 of 
mace ; 1850, 2086 of nutmegs, 656 of mace ; 1860. 6421 of nutmegs, 2094 of mace. Penang nutmegs 
have never been limed. Singapore, in 1848, had 1190 acres under nutmegs, containing 71^00 trees, 
and producing 624 cwt. of nutmegs and 156 of mace. The whole export from the Straits in 1867 
was 485,123 cwt nutmegs, 50,559/., and 5416 cwt mace, 7354/. ; the combined total in 1877 was 
5323 piculs (of 133^ lb.) ; in later years, the figures include all spices except pepper. The nutmeg 
parks of the Straits have never recovered from the disastrous effects of a blight which attacked 
them in 1857. The exports from Sumatra were 1952 piculs of nutmegs and 403 of mace in 1872 ; 
and 2237 of nntmegs and 568 of mace in 1873. The port of Padang alone shipped 284 piculs 
of nutmegs and 28 of mace in 1874; and a total of 2766 piculs in 1871. The French island of 
Beunion exported 5000 lb. of nutmegs and 900 of mace in 1864, and more in 1871, but the culture 
is declining. The tree succeeds well in the W. Indies, and numbers are to be found under semi- 
cultivation in Jamaica, Dominica, and Grenada. 

Our annual imports of nutmegs amount to 400,000-800,000 lb. ; and of mace, 66,000-80,000 lb. 
The London market values of nutmegs vary with their size, as follows : — ^78-60 to the lb., 3s. 5<i.-5s. 
a lb. ; 90-80, 2s. 10(/.-3s. 7(1 . ; 132-95, Is. 10<i.-2s. \\d. The approximate price of mace is ls.-3s. 
a lb. for 1st quality, and Is.-ls. 8d. for 2nd and inferior. 

The fixed and volatile oils of nutmegs and mace are described respectively on pp. 1396-7, 
1424. 

Other so-called “ nutmegs ” which figure very rarely or not at all in commerce are as follows : — 
American, Jamaican, or calabash (J/onodora J/yns<ica); Brazilian (Cri/ptoccv-ya moschata) ■, Califor- 
nian or stinking ( iltfristicu) ; Madagascar or Clove (Agaihophyllum aromaticum) ; long, male, 

or wild (^Myristioa tomentosa and M. fatud), sometimes imported ; Peruvian (Laurelia sempervirensy, 
used as a spice in Peru ; plume {Atherosperma moschata ) ; Santa Fe' {Myristlca Otoba), edible. 

Pepper (Fb., Poicre ; Geb., Pfeffer ). — The name “pepper ” is somewhat widely applied. The 
so-called “Cayenne-” or “red pepper” has been described under Capsicums (see p. 1803). Two 
species of Piper will be found under Drugs, viz. Cubebs (p. 809), and Matioo (p. 818) ; a third falls 
within the range of the articles on Drugs (Kava-kava, p. 815) and Narcotics (Ava, p. 1305) ; and 
two others are dealt with under Narcotics — Betel-pepper, p. 1305. There remain for description 
as spices, the common black pepper, white pepper, long pepper, and Ashantee pepper. 

1. Black Pepper . — The plant (Piper nigrum) affording black pepper is a perennial climbing 
shrub, indigenous to the forests of Travancore and Malabar, and cultivated also in Sumatra, Java, 
Borneo, the Malay Peninsula, Siam, the Philippines, and the W. Indies. Several accounts have 
been published of the cultivation and harvesting of black pepper ; they differ mainly in minor 
details, and may be snuunarized as follows. 

Where pepper-vines are found already growing, the forest is cleared of underwood, and sufScient 
trees only are left to provide shade, while permitting free ventilation, 6 ft. apart being considered 
a proper distance. The vines are trained up to the nearest trees, which are preferably 8-12 in. 
diam., for convenience in climbing when harvesting the fruit, all kinds of trees being apparently 
availed of indiscriminately. The root of the vine is manured with a heap of leaves, and the shoots 
are trained up twice annually. The vines live about 30 years, and are then replaced by others 
found growing wild around, or systematically planted. The pepper obtained from spontaneous 
plants is said to quite equal that grown in gardens, while the care necessary is almost nominal. A 
very wasteful plan sometimes adopted for manuring these natural pepper-plantations consists in 
setting fire to the trunks of very large trees, which are thus killed, and soon devoured by insects, 
becoming a heap of rotten dust, which gets washed by the rain around the roots of the vines. 

In commencing a new plantation where vines are not to be found growing spontaneously, the 
first consideration is choice of site. Preference is to be given to level ground bordering rivers or 
streams, but not subject to inundation ; slopes are to be avoided, unless very gentle ; and plains 
will require deep ploughing and much manure. Propagation may be from cuttings and suckers, or 
from seed. The plants raised by the latter means are said to yield for 14 years, while those from 
the former are only fruitful for 7 years, but their crops are superior in both quantity and quality, 
consequently the planting of suckers or cuttings is most generally adopted. The next consideration 
will be the kind of tree to plant as a support and shade for the vines. Where trees are growing 
on the ground to be planted with pepper, preference is given to the mango (Mangifera indica), whose 
fimit is not injured by the development of the pepper-vine ; failing this, recourse may be had to the 
jack (Artocarpus integrifolia), whose fruit, however, is said to be diminished in quantity and injured 
in qualKy by the presence of the pepper. When it is necessary to plant trees, choice is made of the 



PEPPEB. 


1813 


Erythrina indica, as a large branch of it put into the ground in the rainy season will be capable of 
supporting the vine in the course of a year ; mango-trees may then be raised meantime, as 
6-15 yeairf bearing of the vines sufHces to kill the Erythrinat. In commencing a plantation upon 
Erythrinas, the ground is usually fenced with a mud wall, and made into terraces. Between mid- 
July and mid-November, the gronnd is deeply hoed, and set out with plantains at about 12 paces 
apart ; between the first week in February and first in March, branches of Erythrina 6-12 ft. long 
are planted at 60 paces apart, and watered till the rainy season sets in. Between 10 May and 
10 June, t^ pepper-vines are planted, which may be done in several ways. One plan is to put 
} doz. cuttings each 18 in. long into a basket, which is filled with earth, and buried at the foot of 
the tree, with the cuttings sloping towards it. Between mid-October and mid-November, the 
ground around the basket is dug, and the vines are manured with cow-dung and dead leaves. The 
baskets are said to be a great protection to the plants in their early life, but are often omitted. In 
either case, during the dry seasons of three years after planting, the vines need watering, in favour- 
able soils, once in 3 days ; in dry soUs, on alternate days. Between mid-October and mid-November 
they are manured, and are trained up to the tree till 6 ft. high, after which they are self-supporting. 
After the 3rd year, the plantains are dug up ; and then this manuring and hoeing of the ground is 
performed twice annually, viz. between mid-October and mid-November, and between mid-July and 
mid-August. The vines produce in 4-5 years, and are in full bearing in the 6th or 7th, continuing 
to yield for 12-14 years, when the Erythrinas die. In some cases, the trees supporting the vines are 
pruned, and their branches are lopped ; in others, the leaves only are thinned. Mango-trees should 
be at least 20 years old before having to support the vines. 

The Sumatran mode of cultivation diSers considerably. The gronnd is cleared, ploughed, and 
sown with rice ; cuttings of the vine are then planted 5 ft. apart each way, with a sapling of some 
tree of quick growth and rough bark, in September. The vines are left alone for 12-18 months, 
then entirely buried, except a small surface of the bent stem, whence spring new shoots, 3-4 of 
which are allowed to climb the tree planted with them, and are expected to give flowers and fruits 
a year later. There are two crops annually, the Ist in December-January, the 2nd in July- 
August : the latter is much inferior in both quantity and quality. 

The yield of the plantations varies somewhat according to circumstances. In Sumatra, the dual 
crop is estimated to average li lb. from each vine per annum. In Malabar, each vine gives a mean 
of 2 lb. a year up to the 15th-20th year, or about 24 lb. for each tree, which may support 8-12 vines. 
Sometimes 8-10 lb. is got from a single vine. An acre is reckoned to bear 2500 plants, and to cost 
not more than 4i. to bring into bearing, while yielding a produce worth about 801. when in full 
bearing. The fruits grow in masses of 20-30 on a single stem. The harvest takes place when they 
are full-grown and hard, but before they mature, in which latter state they lose pungency and fall 
oflf. The season for gathering falls between mid-December and mid-February. The bunches 
(amenta) are hand-plucked in bags or baskets, and the berries (pepper) are then detached from the 
stem by rubbing with the hands or feet on a mat. The sound berries are then sun-dried for 
2-3 days, in a single layer, either on mats or on a patch of smooth ground, being collected in 
earthen jars at night away from the dew. Mat-drying is said to give a heavier return than 
ground-drying. The dry pepper is put up in mat bags of 64-128 lb., and is ready for the market. 

Our imports of black pepper in 1880 were 21,179,059 lb,, 385,108?., from the Straits, and 
550,909 lb., 12,979?., from other countries ; total, 21,729,968 lb., 398,087?. The total in 1879 was 
only 17,.532,958 lb. ; in 1877 it was 28,643,635 lb. Our re-exports in 1880 were 12,925,886 lb., 
235,801?., chiefly to Germany, Kussia, Itrdy, Holland, and Spain. The fluctuations in our imports 
from different countries have been as follows: — Java: 2792 lb. in 1876, 74,250 in 1879, none 
between; Abyssinia: 180,887 lb. in 1876,0 in 1879, 12,950 in 1880; Siam: 60,000 lb. in 1876, 
none since ; Cochin China : 210,000 lb. in 1876, 0 in 1878 and 1879, 4850 in 1880 ; Cape : 19,988 lb. 
in 1876, 180,154 in 1879, 18,642 in 1880 ; Straits : 27,825,576 lb. in 1877, 16,932,073 in 1879. In 
the E. Archipelago, pepper-culture is widely spread. It is again assuming large proportions in 
Atjeh [Atchin or Acheen], the produce being shipped chiefly to Penang and Batavia, Edi on the 
N.-E. coast (of Sumatra) being the principal mart. In 1822, the Kingdom of Deli had a harvest 
of 26,000 piculs. The country and the people are remarkably adapted to pepper-growing, and the 
Bataks of N. Sumatra have long been exclusively devoted to it. The value of the foreign exports 
from Brunei (Borneo) in 1879 was only 362 dol. In 1801, the S. Bornean district of Banjarmassing 
was alone capable of producing 1500 tons of the spice. The Java exports of the 1878 crop were : — 
18,832 piculs (of 135J lb.) to Holland, 2773 to Singapore, 1855 to Italy, 1711 to America, 1000 to the 
Channel for orders, 244 to Australia, 100 to France, total, 26,515 ; for the 1879 crop, 6106 piculs to 
Singapore, 4571 to France, 3956 to Holland, 1501 to England, 1253 to America, 644 to Italy, 100 to 
Australia, total, 18,131. Saigon (French Cochin China) had 2177 acres under pepper in 1879, when 
4145picu?s (of 133^ lb.) were sold at the rate of 3d. a lb.; in 1878, the exports were 3500pic«?s, 
5000?. ; in 1880, there was a great falling off, only 3000 p»c«?s being brought into the market. The 
cultivation is extending in Ceylon. China imports large quantities of both black and white {tepper. 
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Of the fonner, Hankovr took 24,805 jneuls (of 133^ lb.), Talne 49,920.’., in 1879 ; Kl nkiung , 5149 ; 
Newchwang, 1435 ; Ningpo, 1257 ; Shanghai, 2737. 

Whole black pepper is seldom or never adulterated in Europe : but in India, the heme* of 
Ewhelia [Sa/Tiara] Sibes, are often mixed with the spice for sale in the bazaars. Ground pepper, on 
the other hand, is frequently sophisticated with starches and other matters detectable with the 
microscope, despite the very heavy penalty (100/.) which has been in force since 1819. The 
approximate London market values of black pepper are Malabar, 3 J-5Jt/. a lb. ; Aleppy and 
Tellicherry, 3J-5J<i. ; Penang, 2|--4|(i. ; Singapore, 3|-4jd. ^ 

2. White Pepper, — This is produced by the same plant as the black pepper, and is prepared by 
allowing the berries to ripen, keeping them for 3 days in the house after gathering, washing and 
bruising them in a basket with the hand tUl the stalks and pulp ate removed, and then drying the 
white seeds. It is said that the lives of the vines are endangered by allowing the fruit to ripen on 
them. Sometimes white pepper is prepared from black by removing the dark outer layer of 
pericarp. The article is most largely prepared in the Straits, but the finest is produced in 
Tellicherry. China is the great market for it. Singapore exported 48,460 pictUs (of 135J lb.) in 
1877. In 1879, Hankow imported 250 piculs, 885/. ; Ningpo, 238 piculs ; Shanghai, 357 piculs. The 
London market value of white pepper is about 4|-7d. a lb. 

3. Long Pepper. — This is the fruit^spike ot Piper longum [Chatica Soxburghii] and of P. [C.3 
(^cinarum, collected and dried shortly before it reaches maturity. The latter is a native of the Indian 
Archipelago (Java, Sumatra, Celebes, and Timor). The former is indigenous to Malabar, Ceylon, 
E. Bengal, Timor, and the Philippines, and is cultivated along the E. and W. coasts of India. In 
Bengal, the plants are raised from suckers set 5 ft. apart in rich, high, dry BoU. The yield from an 
acre is 3 mounds (of 80 lb.) in the Ist year, 12 in the 2ud, 18 in tlie 3rd ; after this, the return 
diminishes, and the roots are grubbed up, dried, and sold as pipli-muK The pepper is harvested in 
January, and thoroughly sun-dried. It is brought from Java and Rhio to Singapore and Penang 
for re-export. Singapore shipped 3366 cwt. in 1871, 447 being to the United Kingdom. Penang 
despatches 2000-3000 piculs (of 13.53 lb.) yearly. The London market value is 37-45s. a owt. 

4. Ashantee or W. African Pepper. — This spice, sometimes called also “ African cubebs,” is the 
fruit of Piper ICubeba] Clusii, widely distributed in Tropical Africa, most abundantly in the Niam- 
niam country, about 4° to 5° N. lat. and 28° to 29° E. long. It is locally used as a substitute fw 
common black pepper, and could be procured in large quantity. 

The essential oils of pepper and other species of Piper are described on pp. 1420, 1424, 1425. 

Pimento, AJlspice, or Jamaica Pepper (Fa., Piment des Anglais, Toute-epice, Poivre de 
la Jamaique ; Ger., Kelkenpfeffer, NelkenkSpfe, Neugewurz). — These names are applied to the immature 
fruits of Pimento officinalis [^Myrtus, Eugenia Pimento^, an evergreen tree of 30 ft., found in some of the 
W. Indies. The so-called “walks” of these trees, which afford the whole of the spice found in 
commerce, occupy the limestone hiUs on the north side of Jamaica. The range of the tree is 
curiously limited, nearly all attempts to grow it where it is not found spontaneously fail completely. 
The only way of forming a new walk is to cut down the other growth found upon land where 
pimento-trees are growing naturally, thus giving scope for their multiplication. The harvest ot 
“breaking” takes place in July-August, the branches bearing clusters of the fruit being broken 
off by hand, and the berries subsequently sun-dried, stalked, fanned, and bagged for export. The 
breaking of the branches serves as a rude kind of pruning. The yield of some trees reaches 150 lb. 
raw, or 1 cwt. dry. There are curious fluctuations in the returns of the acreages under pimento : 
thus, 7178 acres in 1871, 1392 in 1874, 2363 in 1875-6, 969 in 1877-8 exclusive of trees growing 
wild on the pasture-lands. The highest export reached was 6,857,830 lb., 28,574/., in 1870-1 ; in 
1877-8, it was 6,195,109 lb. About | come to England, and 3 goes to the United States. The 
London market value is about 4J-6(/. a lb. for middling to good, and 4J-5ic/. for ordinary. 

The volatile oil is described on p. 1416. 

Soy. — This useful condiment, said to form the basis of almost all the popular sauces made 
in Europe, is prepared by the Chinese and Japanese from the fruit of Glycme Soja [Sq/a A/spida], 
which holds an important place among oil-yielding plants, and has been described under the article 
on Vegetable Fatty Oils (p. 1378). The condiment is prepared by boiling the beans with an equal 
quantity of roughly-ground barley or wheat, and leaving it covered for 24 hours to ferment ; salt is 
then added in quantity equal to the other ingredients, water is poured over, and the whole is stirred 
at least once daily for two mouths, when the liquid is poured and squeezed off, filtered, and pre- 
served in wooden vessels, becoming brighter and clearer by long keeping. Its approximate value in 
the London market is 2s. 3d.-3s. a gal. for Chinese, and 2s. 4(/.-2s. 5t/. for Japanese. It is not 
specified in the trade returns, but doubtless forms the chief item in the unenumerated spices 
imported from China. 

Vanilla (Fn., Vanille- Geb., \anUle '). — This name is applied to the pods of one or more 
species of Vanilla, the bulk of the commercial article being probably derived from V, planifoha 
[sativa,tMyrcbroma fragrans'J, a native of Mexico, now largely cultivated in many tropical countries, 
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as will be presently described. Other species said to afford the spice are: — F. sylvestris, in 
Mexico, perhaps identical with F. planifolia ; F. Pompom, in Mexico ; F. guianensis, in British 
and Dutch Guiana ; F. palmaram, in Bahia ; F. aromatica, in Brazil and Pern. 

The culture and preparation of vanilla are subject to some variation in different localities. In 
Mexico, plantations are established in virgin forests or open fields. In the former, all shrubs, 
climbers, and trees causing an excess of shade are cut down, leaving only young trees to serve as 
supports for the climbing stems of the vanilla plant. Preference is given to those containing a 
milky sap,a3 the plant attaches itself to the bark by means of aerial roots, produced from the nodes, 
and constituting its true organs of nutrition, for the subterranean roots are quite insignificant, and 
often suffer gradual decay. Close to each supporting tree, two vanilla cuttings are planted side by 
side in the following manner; the cutting is embedded in a trench IJ in. deep and 15-20 in. long, 
as far as 3 joints or eyes, the 3 leaves having been first stripped off, and then covered with dead 
leaves, humus, coarse sand, brush-wood, &c., the bed being slightly raised above the surrounding 
level, to prevent stagnation of water around the plant. The remainder of the cutting, 3-4 ft. long, 
is tied up to the tree. The trees should be 12-15 ft. apart, to allow room for the rapid growth of 
the plants. After 1 month, the cuttings will have taken root, and need to be carefully freed from 
weeds and underwood ; in the 3rd year, they bear fruit. When planting a field or open level 
ground, the land is first ploughed up and sown with maize. Meantime a number of young lac- 
tescent trees of the fig tribe spring up all over the field, and, in 12-18 months, are aapable of sup- 
porting the vanilla-plants, which are then set out as already described. The finest product is 
obtained in this way. 

In Kcunion (Bourbon), where artificial fecundation is practised, the plants are not allowed to 
grow out of reach. When starting a plantation in a forest, the cuttings are set at the feet of the 
trees, whose trunks are connected transversely by a rude trellis ; the trees are never lopped, as 
vanilla requires humidity, and protection from the direct rays of the sun. In making a plantation 
in an open field, the first care is to grow suppirts for the plants. Mangoes and fig-trees are 
employed for this purpose, though preference is given to Curcas purgans [Jatropha Curcas], the physio- 
nut, which strikes readily from cuttings, is of rapid growth, and furnishes abundance of milky 
juice as sustenance for the vanilla-plant ; but Holmes has indicated the possible danger of the acrid 
matter contained in the juice of this tree (see Nuts, p. 1359 ; Oils, p. 1410) being absorbed by the 
vanilla-plant. When the young supporting trees have attained sufficient growth to shade the 
vanilla, cuttings of the latter are planted as follows; — A trench 8 in. deep is dug between the trees 
and along the lines in which they grow ; the cuttings are set in it, and covered with a little humus, 
dead leaves, and straw. The rainy season is selected for the operation. When the young shoots 
begin to grow, it is only necessary to guide them along the trellises, and allow the aerial roots to 
rejoin the trench between the supporting trees ; in 2 years, the plantation is in full bearing. 

In India, where the cultivation would doubtless be attended with great success and profit, all 
trees are good protectors except those which change their bark; the best are the mango {Mangifera 
indicd), jack (^Artocarpus intcgrifolia), ouatier {Bombax malabiricum'), and physic-nut {Curcas purgans 
[Jatropha Curcas']) The last must not be planted alone, as it sheds its leaves when the vanilla is in 
full bearing. Perhaps none is better than Erythrina indica, already widely utilized as a shade-tree 
in Eastern agriculture. The best planting-season is March-May. The most suitable tiers are the 
leaves of the vacoua {Pandanus ufilis), which will have rotted and fallen off by the time that the 
plants are able to dispense with them. 

Spontaneous fecundation of the plant is comparatively rare, as the labellum or upper lip of the 
stigmatic orifice completely covers the female organ, and the anther rests on that valve of the 
stigma. In countries where the plant is left to itself, a length of 12-26 in. of vine only produces 
one pod, though the number of flowers in that length may be 40. All may be artificially fecundated 
by slipping away the labellum from beneath the anther, and so bringing that organ into direct con- 
tact with the stigma ; but only the finest flowers (about J doz.) on each bunch should be fecun- 
dated, or the plant would die of exhaustion. Fecundation is known to ba assured when the 
flower is persistent and dries at the end of the fruit. The remaining buds should be cut off. 

As already observed, the fecundated flower decays at the extremity of the ovary, and, after some 
days, falls off, leaving the persistent gynostem attached to the fruit, which continues to grow for a 
month, but must be left on the stem for 6 months longer to allow it to ripen. Each pod should then 
be out off separately, as it matures, instead of detaching the entire bunch, as is done in some 
countries. The only certain indication of maturity is the crackling produced when the pod is 
pinched between the fingers ; the apple-green or greenish-yellow colour is not a sufficiently reliable 
sign. It is quite as important to avoid gathering the pods too soon as too late. If unripe, the pro- 
duct will lack fragrance, colour, &c. ; if over-ripe, the pod will be yellow at the end, and, if not 
already split, is apt to become so in curing. 

The odour of vanilla does not pre-exist in the ripe fruit, but is developed by fermentation. 
When a pod is allowed to remain on the plant, it splits into two unequal parts, becoming first yellow. 
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then brown, and finally black. While it ia drying, it esndes an nnetnona liquid of dark*redooloar 
called “ balsam of vauilla,’’ and, when quite dry, becomes brittle and devoid of all perfume. The 
following are the various processes for curing vanilla. In Guiana, the beans are placed in ashes, 
and there left until they begin to shrivel ; they are then wiped, rubbed over with olive-oil, and, their 
lower end having been tied, are hung in the open air to dry. In Peru, they are dipped into boiling 
water, tied at the end, and hung in the open air for 20 days to dry ; they are then lightly smeared 
over with castor-oil, and a few days later are tied up in bundles. In Mexico, as soon as gathered, 
the beans are placed in heaps under a shed, protected from sun and rain, and, in a few days, when 
they begin to shrivel, are submitted to the “ sweating ” process. This is carried on in two different 
ways, according to the state of the weather. If it happens to be warm and fine, the beans are spread 
out in the early morning on a woollen blanket, and exposed to the direct rays of the sun. At about 
noon or 1 pjs., the blanket is folded around the beans, and the bundle is left in the sun for the re- 
mainder of the day. In the evening, all the vanilla is enclosed in air-tight boxes, so that it may sweat 
the whole night. The next day, the beans are again exposed to the direct action of the sun. They 
then acquire a dark coffee-colour, the tint being deeper in proportion to the success of the sweating 
operation. Should the weather be cloudy, the vanilla is made into bundles, and a number of these 
are packed together into a small bale, which is first wrapped in a woollen cloth, then in a coating 
of banana leaves, and the whole, enclosed in a mat, is firmly bound, and sprinkled with water. The 
bales containing the largest beans are now placed in an oven heated to 60“ (140° F.). When the 
temperature of the oven has fallen to 45° (113° F.), the smaller beans are introduced, and the oven 
is closed tightly. In 24 hours, the smaller beans are fciken out ; and 12 hours later the larger ones. 
During this process, the vanilla has “sweated,” and acquired a fine chestnut colour. The delicate 
operation of drying has now to be commenced. The beans are spread on matting, and exposed to 
the sun every day for about two months. When the drying is nearly complete, sun-heat is no longer 
needed, and they are spread out in a dry place until the necessary degree of desiccation is arrived at ; 
they are then tied up in small packets. In the Bennion process, the beans are sorted according to 
length, to be scalded. The long ones are steeped in water heated to 90° (194° F.) during 1 0 seconds, 
the medium size during 15 seconds, and the short ones fully a minute. They are then exposed 
to the sun between two woollen blankets until they acquire the characteristic chestnut colour. 
After this exposure, which may last 6-8 days, the beans are spread out umler sheds to dry 
gradually. The sheds in this colony being roofed with zinc, they really constitute drying- 
stoves, through which a current of hot air continually circulates. This desiccation takes about 
a month, during which time the only care necessary is to turn the beans frequently, so that they 
dry evenly. At the moment when it is found that the beans may be twisted easily round the finger 
without cracking — that is to say, when they have acquired a degree of dryness which can be known 
only by experience— the operation requiring the most minute and vigilant care commences: this is 
termed the “ smoothing ” process. The operator must pass every bean between his fingers, and repeat 
this frequently, for, on drying, the beans exude from their entire surface a natural fatty oil. It is to 
this oil, which exudes as the fermentation proceeds, that the lustre and suppleness of the bean is due. 
When sufficiently dry. they are tied up in bundles of uniform length. In this manner, the three 
commercial sorts are obtained: — (1) “Fine”: 8-11 in. long, nearly black, unctuous, glossy and 
clean looking ; these soon become covered with frost-like crystals. (2) “ Woody ” : 6-8 in. long, 
lighter in colour, more or less spotted with grey, not glossy ; these are the pods gathered in an 
unripe condition ; they crystallize very little, if at all. (3) “ Vanillons,” of which there are two 
sorts, those obtained from short but ripe fruit, which are excellent, and frost well ; and those from 
abortive and unripe fruit, whose perfume is simply the result of absorption from the fine beans with 
which they have so long been in contact. 

The main centres of vanilla-production are as follows Mexico : the slopes of the Cordillera, 
N.-W. of Vera Cruz, concentrated about Jicaltepec, nearlSTautla ; the baijnillales on the W. declivity, 
in Oaxaca State ; the States of Tabasco, Chiapas, and Yucatan. E. Mexico exported about 
20,000 kilo, (of 2-2 lb.) in 1864, via Vera Cruz and Tampico, mostly to Bordeaux; the French 
importations had declined to 6896 kilo, in 1871, and 1938 in 1872. Bennion (Bourbon) : exported 
3 kilo, in 1849, and 30,973 kilo, in 1877; the crop of 1878-9 was 31,615 kilo. The plantations are 
much injured by periodical cyclones, and by microscopic fungi (chiefly Bacterium putredinis), but 
careful pruning and manuring (phosphoric acid and potash principally, also lime and magnesia) 
have done much to counteract these evils. Mauritius : this island shipped 7139 lb. in 1872, and 
20,481 lb. in 1877; the value was 299,510 rupees (of 2s.) in 1874, but only 169,966 in 1878. 
Among other countries, it may be mentioned that the culture is much extending in the Seychelles, 
and in Ceylon; while the plant is abundant (wild) in Honduras, and grows successfully in 
Madagascar. Also Panama exported 6491. worth to the United States in 1879 ; and Guatemala, 
49 quintals to California in the same year. Tahiti exported 1719 lb., 575/., in 1878, and 1426 lb., 
570/., in 1879. Very large quantities are grown in Java. The approximate London market 
values of,“ salt ” pods are 15-40s. a lb. for good to fine, and 8s.-37s. 6d. for inferior. 
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Unenumerated.— O ut imports of uneoamerated spices in 1880 were from : — China, 7,180,961 lb., 
143,476/. ; British W. Indies, 5,106,803 lb., 104,494/. ; British E. Indies, 1,781,451 lb., 128,440/. ; 
British S. Africa, 1,757,652 lb., 107,504/. ; Aden, 1,099,733 lb., 68,568/. ; Native States E. AfnV a, 
723,320 lb., 43,061/. ; Holland, 414,095 lb., 38,414/. ; Germany, 213,686 lb., 3542/. ; other countries, 
379,925 lb., 16,806/. ; total, 18,657,626 lb., 654,305/. The total in 1876 was only 7,553,328 lb. The 
re-exports in 1880 were 12,687,818 lb., 408,623/., chiefly to Germany, the United States, Holland, 
and Bnssia. Onr imports of unenumerated sauces and condiments in 1880 were from : — China, 
893,425 lb., 12,198/. ; British E. Indies, 314,000 lb., 10,478/. ; France, 165,040 lb., 4309/. ; other 
countries, 112,665 lb., 5169/. ; total, 1,485,130 lb., 32,154/. 

Bibliography. — A. Delteil, ‘ Etude sur la Vanille ’ (Paris : 1874) ; J. E. O’Connor, ‘ Vanilla : its 
Cultivation in India’ (Calcutta: 1875); A. H.Hassall, ‘Food’ (London: 1876); P. L. Simmouds, 
• Tropical Agriculture ’ (London : 1877) ; F. Haberlandt, ‘ Die Sojabohne ’ (Vienna : 1878) ; 
Flnckiger and Hanbury, ‘ Pharmacographia ’ (London : 1879) ; E. von Blaskovics, ‘ Die Sojabohne ’ 
(Vienna : 1880); E. M. Holmes, ‘Star- Anise’ (Pharm. Jour., Vol. XI. [XL.], No. 547 (London; 
1880). 

SPONGE (Fb. Eponge-, Gee., Schwamm'). 

The term “ sponge ” is commercially applied to the elastic homy skeletons of certain marine 
animals belonging to the class Poriferce, order Keratosa, sub-order Spongnue, family Spongigdee. 
The commercial grades of sponge in Europe and America coincide very closely. The 3 principal 
European species are the bath-sponge {Spongia officinalis), the horse-sponge (5. equina), and the 
Eimocca (S. agaricina); in America, these are represented by the glove-sponge (5. officinalis, 
sub-sp. tutmlifera) ; the wool-sponge (S. equina, sub-sp. gossypina), and the yellow and hard-head 
(both S. agaricina, sub-sp. corlosia). The most exhaustive account of everything bearing upon the 
growth and physiology of sponges is contained in Hyatt’s very able paper published by the Boston 
Natural History Society, as quoted in the Bibliography (p. 1821). From it, much of the following 
information has been derived. 

The whole group of Keratosa is confined to seas in which the difierences between the winter 
and summer isotherms are not excessive. No American members are found N. of Cape Hatteras 
and Bermuda; and doubtless a similar limit occurs S. of the equator. On the Pacific shore, 
S. California and Chili are the extreme points so far known. On the opposite coast of the Atlantic, 
they are recorded from England to the Cape of Good Hope, and also at the island of Teneriffe. In 
the Indian Ocean, they are found all along the E. coast of Africa, at the Mauritius, and on the 
shores of India. They have been described from the 8. part of the Sea of Okhotz, on the Asiatic 
continent, and specimens are not uncommon on the coasts of Australia and New Zealand. In the 
Pacific, they have been found at the KingmUls Islands and Hawaiian Islands. The extreme 
outlying form to the north, on both sides of the Atlantic, is the excessively coarse Dysidea fragilis, 
with its fibres loaded with debris. Those from the Gape of Good Hope and 8. Australia also 
belong to the coarser genera. It would seem, therefore, that the finer skeletons of the Keratosa, 
those of the genus Spongia, are only to be sought in the intermediate zone, where the waters are of 
equable and high temperature. And in examining the species of this genua with relation to each 
other, it becomes equally evident that they are finest and most numerous in archipelagoes, or 
off coasts which are bordered by large numbers of islands or long reefs, or in sheltered seas. The 
sponges near Nassau (Bahamas) lie on reefs very much exposed to the action of the waves, often 
30 miles from land, and always in currents, sometimes running 3-4 knots an hour. Such currents 
are usual where groups of islands confine the tide-water within certain definite channels, and they 
have aLo the effect of concentrating the floating food in the channels, or wherever tides meet. 
Both these conditions are essential to successful sponge growth, viz. a continuous renewal of 
aerated water, and a plentiful supply of food, and are probably partly the cause of the abundance 
of sponges in such places. Constant reference to physical influence is also noticeable in the 
method of classification adopted by Von Eckhel. 

The marketable qualities of sponge are described as “ sorts,” and the different sorts are designated 
by letters, as “ sort A.” These sorts are most conveniently arranged according to localities, and 
thus under some sorts all three species are represented ; all, however, are from the same place, and 
all have some local peculiarity which makes them either of superior or inferior quality. The slimy 
character of the bottom is often given as a reason for inferiority or dark colour. On the American 
side of the Atlantic, this is also shown by the great differenee in point of colour and fineness 
between the Nassau and Key West sponges. Again, the shallow-water sponges are coarser than 
the deep-water forms. This is probably due, in part, as in other species, to the quantity of sedi- 
ment, which is of course less in deep than in shallow water, as, for example, at Key West in the 
winter time. No fine qualities of any sponges are found within the limits of the milky water, but 
all the finer qualities of the marketable kinds in the deepest water in which the species occur, 
except, perhaps, in the case of the reef sponge. Glove, reef, and hard-head are fished iq shallow 
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wateiB (greatest depth 2 fathoms), and the other and generally finer marketable Tarieties at 2-5 
fathoms. This fact also explains in a measure, but not wholly, the greater coarseness of American 
sponges as compared with the European ; for though it may be assumed from the examination of 
the skeletons that Mediterranean sponges are much less exposed to turbid waters, and though it 
may be shown by the microscope that the primary fibres contain less debris, this docs not wholly 
explain their greater fineness and elasticity. This may be attributed either wholly or partly to 
climatic conditions. Both the bathymetrical and geographical distributions of the Spongiw seem to 
be limited by the minimum temperature of 13° (55° F.). The N. shore of tlie .^gean Sea and the 
E. shore of the Adriatic are populous with sponges, and yet the former throughont its whole 
extent, and the latter from Kagusa to Istria, have nearly the Si.me average winter temperature as, 
and possess a colder climate in winter than, the coast of S. Italy or Spain, where no Spongia exist. 
The sponges correspond in quality to this climatic change. The sort found at the head of the 
.ffigean is said to be S. officinalis alone, and to have a heavy, hard, close, very hairy skeleton, often 
containing slime. The same species exists also alone at corresponding localities along the shore of 
the Adriatic, and at the extreme locality, the island of Istria, upon the limit of its distribution, it 
is said to be very rare, the form to be ugly, the skeleton hard, the colour dark. Farther south, 
along the Dalmatian coast, it becomes abundant, finer in texture and of a lighter colour, but it is 
still inferior to the more southern or Levantine variety. In considering such classes of facts, it 
must also be borne in mind that the habitat of a certain sort or variety may largely determine the 
quality of the skeleton, even where the temperature may be very favourable. Thus, to the south of 
Quarnero, among the islands, a much better quality of S. officinalis occurs than in the milder sea 
about the Ionian Islands, which is probably attributable to the slimy character of the bottom. 
It would seem, from the absence of sponges where they might be expected to occur, that when the 
limits of tem'perature are neared, the lack of small islands, or very slight local peculiarities, may 
suffice to account for commercial sorts (to which our knowledge is confined) being wanting. 

The finest sponges in the Mediterranean, those of the Levant and oft' the Syiian and Tripoli 
coasts, are found between the average aerial temperatures of 17° and 21° (63°-70° F.), and the 
isochrymals of 10°-14° (50°-57° F.), and probably at no time of the year are these, which occur in 
the deeper water at a distance from the coast, exposed to a lower temperature than 15^° (60° F.)« 
In America, the whole region favourable to the production of the commercial qualities lies between 
St. Marks, on the coast of Florida, with an isotherm for January of 17i° (63J° F.), and the 
equatorial isotherm for January of 27° (80° F.); south of this equatorial isotherm, however, the- 
limits have not been ascertained, the data, both as regards the sponges and the temperatures, 
being deficient. The finer sorts are only found along the W. coast of Florida, among the Keys, and 
in the insular waters of the Bahama and Caribbean Islands. Their absence from a large part of 
the shore of the Gulf of Mexico may be attributed to the sandy or soft character of the coast, the 
silt of the Mississippi, and the absence of outlying islands ; the open and sandy or clayey 
character of the Atlantic coast northward to New York explains their nonoccurrence there. 

The sponges of the Bed Sea are inferior to and rarer than those of the Mediterranean ; they 
most resemble the zimocca kind, the skeleton being brittle, entirely red, and very dark at the 
base ; and the two sorts are sold mixed. It therefore seems that the high temperature of the Bed 
Sea, in presence of perfectly clear water, is not so detrimental as where the waters are more loaded 
with sediment, as in the shallows of the Florida coast, or the specimens could not be sold com- 
mercially in the company of even the inferior Mediterranean qualities. The few true Australian 
SpongUe are coarse, and have an excessively dark rough skeleton. The Sydney sponges, found 
under the marine isochrymal of 62° F., on an open and unfavourable coast, are presumably beach 
specimens, drifted from the coast of Queensland, which, inside the great boundary reef, is probably 
exceedingly favourable to the growth of the true Spongia. From all the ascertained facts, Hyatt 
deduces five rules as governing the quality of commercial sponges: — (1) The inferiority of the 
skeleton, which is common at Key West, with the same isochrymal as the Bed Sea, is not found in 
the same degree in the sponges growing in the clearer waters of the latter; (2) the coarsest 
qualities of aU the Mediterranean sponges, the “ Gerbis ’’ and others, grow in localities along the 
coast, where they are most subject to the action of suspended matter in the water ; (3) but all of 
these are, on account of the clearness and medium temperature of the Mediterranean waters, as 
compared with those of other seas, of much finer quality ; (4) the coarser kinds of the same 
quality or variety grow nearest the shore, and the finer kinds in deeper water, and, according to 
Nassau (Bahamas) spongers, are more apt to occur upon marly ground, where the sediment is finer 
than upon other kinds of bottom; (5) the inverse ratio between the quantity, and even the 
prevalence, of different kinds of sediment, such as sand grains or spicules, and the resiliency and 
flexibility of the fibres of the sponge, may be demonstrated with the microscope in any series of 
specimens. 

The openness or apertion which usually accompanies and appears to correlate with the coarse- 
ness of fibre cannot be accounted for in this complicated way, but must be considered as an element 
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of inferiority always accompanying a skeleton having loose microscopical texture or mesh, and harsh, 
inelastic, easily torn fibres ; but it is also, though rarely, found in specimens of very fine quality, 
especially at an early age. It is a common characteristic of aU inferior qualities of Mediterranean, 
and of all Caribbean commercial sponges without exception ; the latter, whether with very fine or 
very coarse and inelastic fibres, are always permeated in the interior, and have the surface also cut 
up, by larger and more numerous canals than the corresponding Mediterranean species. The 
Australian Spcmrjia spp,, though coarser in fibre than the Caribbean, are equally open, and usually 
much harder when dry. The evidence afforded by unmarketable varieties found in very hot climates, 
and all of which have very open, coarse, and brittle skeletons, confirms the opinion that this charac- 
teristic of apertion may with good reason be attributed perhaps exclusively to the influence of 
unfavourable temperature, which may be either a degree of cold indicated by an isotherm of about 
50° F. for the coldest months, or the equally injurious heat shown by an average for the same months 
of 65°-80° F. 

With regard to colour, a darkening of the fibres about the base, and frequently of the whole 
sponge, may occur with any of the inferior qualities in any cold climate or unfavourable situation, 
as at Istria, and varies with the age and size of the specimen. These influences, however, never 
produce so marked an effect as in a hotter climate, nor does the deterioration of the fibre and of the 
density of the skeleton go so far; nevertheless, the Nassau sponges, which are lighter coloured 
than the Gerbis, and the foregoing remarks upon the influence of suspended matter near the shore, 
point to the fact that heat does not entirely control the celonr, though it may largely influence it. 
Another point in this connection is that the deepest colour is always in the interior, and the lightest 
coloured parts are external, in the position most exposed to the action of light; and this, though 
not necessarily, is probably the hottest part of the organism during the heated term of the year in 
the shallower waters, where the darkest-coloured forms are mostly found. It has been suggested 
that this coloration was due to iron in the sediment or sea-bottom ; but this could hardly be the 
case in the vicinity of coral reefs, and the dark internal coloration appears to result from or corre- 
late with the deterioration of the skeleton as an internal change in structure, varying with the 
species, the age, and the health of the specimen, and probably with the chemical composition of 
the fibres themselves. 

The distribution of the species Is quite remarkable. Only one species (Spongia officinalis [adriob’ca]) 
is found on the E, shore of the Adriatic and coast of Greece, from Trieste to the Bay of Nauplia. 
From Nauplia and the island of Candia to Eritra, on the coast of Asia Minor, two occur, S. officinalis 
and 3. agaricana [Zimocca], From Eritra, opposite the island of Chios, to Tripoli, all three, S. offici- 
nalis, 3. agaricana, and 3. equina, are fished, except at the island of Cyprus, where the zimocoa 
sponge does not live. From Tripoli to Tunis, two only occur, 3. officinalis and 3. equina ; and from 
thence to Ceuta, at the Straits of Gibraltar, a very peculiar dark-coloured and coarse variety of 
3, equina is obtained, called the Gerbis (Gerba) sponge. Tbe dealers have thus to do with a vast 
variety of forms. They can, however, pick out the three species and their varieties without hesita- 
tion, being led mainly by the general aspect of the surface. This has a distinct appearance in every 
species, and, though much altered by the greater or less development of superficial tufts, is much 
more constant than any other character. This is due to the fact that the surface takes its aspect 
largely from the number, distribution, and size of the pores, cloacal orifices, superficial canals, and 
primal y fibres. These characteristics, of course, are directly correlated with all that is important 
in the internal anatomy of the animal, and should therefore be more constant than the length, form, 
or composition of the tufts of fibres, or the shape of the whole, which are capable of great modifica- 
tion, according to the locality in which the specimen may be found. The forms of 3. officinalis may 
vary from cup-shape to flstnlar, and to irregular or lump-like. The latter are usually coarser and 
looser in texture, the superficial tufts are longer and more numerous, and they approximate more 
closely to the coarser varieties of sub-sp. tubulifera of tbe Caribbean Sea, in the external aspect of 
the surface and the apertion of the interior, than the finer varieties. The texture of the poorest 
variety of the Mediterranean sponges is, however, always better for domestic purposes than the best 
of the corresponding American varieties, being firmer and more elastic ; and it is also to be remarked 
that the latter never have the cup-shape, which is so common in the sub-sp. mediterranea, and that 
the fistular form takes its place. The forms of 3. agaricina, sub-sp. Zimocca, vary from saucer-shape 
to irregular lump-like growth. As in 3. officinalis, it may be shown that these aberrant forms are 
quite similar to the aberrant or formless varieties of the sub-sp. punctata of Florida, as regards the 
aspect of the surface ; but these also are nevertheless much finer than the finest varieties of the 
latter. Here, again, the platter- or saucer-shape, which is a modification of the cup-shape, is 
absent. 3. equina exhibits similar degrees of variation in the texture of the surface and the form. 
There are no proper cup-shaped specimens among the American varieties of sub-sp. gossypina, but, 
in place of these, the fistular form. These occur generally associated in clumps, more or less densely 
filled up into heads, and solid ; but sometimes the tubes are almost isolated. The younger specimens 
of this species have a very loose and open texture, due to the approximation and large size of the 
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openings, and, to a less degiee, this is also to be remarked in the Oerbis sponge. The former 
approximate in aspect to the coarser qualities of the American species ; so also does the latter, 
which has very nearly the same colour and aspect as the diurk-coloured Key West specimens, but it 
Is not so coarse and dark. It seems, then, that there are three sub-species of commercial Talne in 
the Mediterranean, which find their way into the New York and European markets. The coarsest 
varieties of the European sponges are finer, firmer, and more elastic than the finest of the corre- 
sponding American sub-species. This is directly traceable to the larger amount of foreign matter 
included in the primary threads, and the looser mesh of the tissue ; the fibres are also comparatively 
coarser, and the large cloacal channels more numerous throughout the mass. The shape does not 
necessarily correlate with a finer or coarser skeleton, but probably with a more or less extended 
base of attachment, and with local peculiarities, such as currents, the kind of bottom, Ac., which 
have not been investigated in this connection. 

Sponges always grow on hard surfaces — ^rock, coral reef, bricks, the barren stems of sea plants, 
&c. They are sought for in shallow water by the aid of a water-glass, which is a tube of thiu boards 
or iron pipe several feet long, with a pane of glass at one end (often merely a bucket with a glass 
bottom), which, when submerged, prevents the sight of the fisherman being disturbed by the glare 
of the reflecting surface and by its incessant motion. The latter obstacle alone is sometimes over- 
come by simply pouring oil on the surface of the water. When found, they are dislodged either by 
divers, or by so-called “ harpoons.” The divers descend either naked or in special dresses. When 
naked, they are carried down by a block of stone weighing some 25 lb., held at arm’s length in 
firont. The usual depth is 15-20 fathoms ; but some divers successfully reach 40 fathoms, after 
inflating the chest for about 10 minutes. The ordinary duration of a dive is 1-2 minutes, and 
3J is the maximum. The use of the harpoon, a kind of fork on a thin pole 3-6 fathoms long, 
dispenses with diving; it is used for the coarser Mediterranean and most of the Caribbean 
sponges, which grow in shallow water, and are not worth the risk and trouble of diving. A 
third plan is by dredging with a drag-net, which tears up the sponges and collects them in a bag 
behind. 

About 12 hours’ exposure to the air suffices to kill the sponge. Subsequent operations are 
designed to free the skeleton from the animal’s remains. In the Mediterranean, as soon as the first 
sign of putrefaction makes its appearance, the sponges are tied to strings and kneaded in sea-water 
with sticks or with the feet, till the “ milk” or sarcode and the skin are quite removed, the latter 
being sometimes scraped off with a knife. This is performed much more rapidly in warm than 
in cold weather. Sponges should always be washed if possible within 24 hours of their capture, 
never being so good if left till the next day. When perfectly clean, they are dried by exposure to 
the air, and then packed in bales. If packed before fully dry, they heat and become spoiled, 
assuming an orange-yellow colour ; partial remedies for this have been found in the weak acids, as 
citric, and in alkaline solutions. Sponges may be bleached by sulphurous acid, or by Blondeau’s 
recipe, which is as follows : — They are first washed in warm water, and then in a solution con- 
taining O’ 5 per cent, of hydrochloric acid, to 'remove the carbonate of lime ; the actual bleaching 
is effected by a 24 hoars’ immersion in a bath containing 5 pints hydrochloric acid, and 6 pints 
hyposulphite of soda, in 100 pints water. This is said to be a more effectual and rapid process. 
But all bleaching must be at the expense of the durability of the sponge. In America and the 
Bahamas, want of care marks the conduct of the operations, the “ killed ” sponges being cast into 
pens formed by stakes driven into shallow water, called “ crawls,” and left to decompose as they 
may. They are finally squeezed, washed, dried, and sun-bleached. In the S. Pacific, much the 
same method prevails, the sponges being suspended from a light framework, so that they are 
washed by the tide when up, and e'xposed to wind and sun while the tide is out. 

The chief localities of sponge-fishing cited by Eckhel are as follows The bays of Patras, 
Corinth, Koron, Marathonisi, Nauplia, Kranidi, Budrum ; the islands of Cerigo, Hydra, Spezia, 
.^gina, Poros, Salamis, Astrupala, Samos, Pathmos, Leros, Nisseros, Kalymnos, Symi, Chalki, 
Bhodes, Candia, Cyprus ; on the W. coast of Asia Minor, the localities of Chesme, Eritra, Samos, 
Mendelia, Dschovata, Makry; on the Syrian coast, Latakia, Tarabulus, Ruad Island, Batmn, 
Dschebel, Beyrout, Caiffa, Jaffa ; the Straits of the Dardanelles, and the Sea of Marmora. The 
“ harpoon ” fishing is carried on chiefly at Nauplia, Kranidi, Hydra, Spezia, jEgina, Poros, and 
Salamis, while the divers affect Symi, Kalymnos, Chalki, and Castell-rosso. Eckhel further 
classifies the 3 species into the following commercial sorts (A) Dalmatian : (1) Istria, (2) 
Dalmatia ; (B) Patras or Gulf ; (C) Greek : (1) Koron, Marathonisi, and Cerigo. (2) Nauplia, 
Kranidi, Hydra, Spezia, .Egina, Poros, Salamis ; (D) Turkish : Volo, Trikeri, Argalesti ; (E) 
Bugaso : Dardanelles and Marmora ; (F) Astrupalia; (G) Island : (1) Samoa, Pathmos, (2) Leros, 
Nisseros, (3) Budrum, (4) Kalymnos, (5) Symi, (6) Chalki, (7) Rhodes, (8) Castell-rosso ; (H) 
Kankava: Chesme, Eritra, Samos, Mendelia, Dschovata, Makry ; (I) Candia; (K) Karamania ; (L) 
Cyprian; (M) Syrian: (1) Latakia, Bnad, Tripoli, (2) Batrun, Dschebel, Beyrout, Caiffa, Jaffa ; 
(N) Mandrucha or Barbarian ; (1) [Katomeri] Arabian Gulf, Gatta Gulf, Mellach, (2) [Panomeri] 
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fiom Mella to Dema, (3) Bomba, Tobruk, Bas-et-Tm, Tnnia ; (O) Bengazi ; (P) Gerby- or Sfax : 
Tunis ; (Q) Bed Sea ; (B) Bahamas. 

The exports of sponge from Syra in 1879 were : — 4023/. worth to Great Britain (18,689/. in 
1877), 7242Z. to France, 1827/. to Austria. The average value of the Greek sponge is 2s. a lb. 
Tripoli yearly produces 25,000-35,000 ; the exports in 1878 were 15,000/. worth to England and 
France. The United States fisheries produced 12,995 lb., value 5044 dol. (of 4s. 2d.) in 1877 ; the 
returns for 1877 and 1878 are incomplete. The exports of sponge from the Bahamas have fluctuated 
in value as follows 1869, 24,917/. ; 1870, 14,104/. ; 1873, 32,938/. ; 1877, 17,337/. ; 1879, 33,265/. 
The qualities and values of the Bahaman sponge exported in 1878 and 1879 were: — 



1878. 

1879. 


lb. 

£ 

lb. 

£ 

Boat 

19,165 

686 

19,817 

737 

Glove 

17,292 

521 


369 

Grass 

174,228 


132,491 

2,987 

Hardhead 

37,530 


36,538 

1,704 

Mixed 

4,320 

149 

9,082 

271 

Beef 

33,840 

2,934 

42,334 

3,682 

Eefuse 

14,322 

210 

1,972 

24 

Velvet 

62,708 

5,277 


8,843 

Wool 

86,393 



13,258 

Yellow 

35,787 



1,410 


485,585 

24,736 

504,447 

33,285 


Our imports of sponge from the Mediterranean were 189,828 lb. in 1851 ; 411,111 lb., 270,410/., 
in 1860; 453,819 lb., 113,384/. in 1870. Our total imports were 1,221,673 lb., 156,965/., in 1869; 
837,159 lb., 160,162/. in 1870. There are no records since. The approximate London market 
values of sponge are Tuikey : flue picked, 16-22s. a lb.; fair to good, 7-lOs.; ordinary, 
8d.~3s. 6d.; Bahama, 5-10</. The ordinary applications of sponge are sufaciently familiar. 
Attempts have been made to utilize the very inferior qualities, which are unfit for use as sponge, 
for the manufacture of a kind of felt. The process consists in softening with glycerine, cutting 
small, carding, and felting. The manufacture does not appear to have flourished long. 

It would be an omission to conclude this article without an allusion to the efforts wbieh have 
lately been made to artificially improve sponge-culture. The object aimed at was the multiplica- 
tion of sponges by cuttings ; but inasmuch as the cuttings were found to produce no greater return 
than would have been given in the same time by the single specimen uncut, the only advantage 
derivable from the process would be the possibility of populating suitable unoccupied ground with 
cuttings of commercially valuable kinds. Details may be consulted in Dr. Marenzeller’s paper 
quoted in the Bibliography (translated in the Society of Arts Journal, Vol. xxix., No. 1488), and in 
the Pharmaceutical Journal, Vol. xi. [xl.]. No. 547, pp. 491-3. 

Bibliography.— O. Schmidt, ‘ Spongien des Adriatischen Meeres ’ (Leipzig : 1862, sup. 1864) ; 
G. von Eckhel, ‘ Der Badeschwamm ’ (Trieste : 1873) ; A. Hyatt, ‘ Bevisiou of the N. American 
Poriferte ’ (Memoirs Boston Soc. Nat. BUst., Vol. ii.. Part iv.. No. ii. [1875], and Vol. ii., Part iv. 
No. V. [1877]; E. von Marenzeller, ‘ Aufzucht des Badeschwammes aus Theilstiicken ’ (Verhandl. 
k. k. zool.-bot. Ges., Vienna: 1879) ; A. Hyatt, ‘Commercial and other Sponges’ (Boston: 1879). 

STAB.CH (Fb., T^aile, Amidon ; Geb., Starke). 

The term “ starch ” is applied to the fecula or amylaceous matter contained in the fruits, roots, 
or cellular tissue of by far the greater number of plants, and extracted from a few on a commercial 
scale. It occurs in grains of various sizes, having when pure a slightly yellowish colour, and whose 
form and structure are characteristic for each kind ; the bluish tint of laundry-starch is due to 
the addition of a mixture of smalt and alum in water : such starch is considered unfit for dietetic 
or medicinal use. The sp. gr. varies with the kind of starch, and with its dryness ; the amount 
of water reaches 30 per cent, in some instances, and at times descends to 7 when air-dry. The 
formula is variously given as (CsHuOj)® -i- 30Hj, CigHj^Oij, and C 35 H 52 O 31 -J- 120Hj. Some 
starches are prepared for use as alimentary substances, while others are only converted into an 
article for industrial application. The best qualities of starch serve for sizing paper, especially 
fancy papers (see pp. 1489-90). The finest starch is used for the manufacture of white glucose 
syrups (see Sugar— Starch-sugar), for finishing textiles (see pp. 770-6, 1185), for making white 
dextrine (see pp. 1645-7), as well as for preparing farinaceous food and fine pastry. Inferior 
sorts are used for the same purposes when the quality is not of such importance, as for instance, 
for weavers’ dressing, as a means of thickening mordants (see pp. 1293-1305), and colouring 
substances for cloth printing (see pp. 835-54). By fermentation, it produces glucose and then 
alcohol (see pp. 192-214). Another important application is the “ dusting ” of the forms ip metal 
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fonndries, in lien of charcoal dost Its nse for stiffening (“ starching ”) linen and washed clothes 
is wen known. 

The principal kinds of starch will now be separately described. They can be distiognished 
under the microscope by the shape of the grannies : in rice, they are smaU and angular ; in maize, 
angular but larger; in wheat, lens-shaped; in potato, arrowroot, and tous-les-mois, more or leas 
ovate : in tapioca, muller-shaped. They vary in size from to xamn io- 

Arrowroot. — The name “ arrowroot ” embraces the amylaceous matter of several kinds of 
plant very widely disseminated in the tropics. The most important of these is ilaranta arundinacea, 
a native of the W. Indies and Tropical America, from Mexico to Brazil, and occurring under the 
form known as M. indica, which has narrower, sharper, and always smooth leaves, in Bengal, Java 
and the Philippines. It is also cultivated in Mauritius and Natal, and on the W. coast of Africa. 

In Bermuda, arrowroot is planted in May and ripens in March- April ; it is manufactured in 
April-May, during the cold winds. The process is simple. The washed rhizomes are reduced to 
a pulp, which is strained through sieves of progressive fineness, allowed to settle, collected, passed 
through the finest sieve into clean water, settled, and the layer of brown colour removed firom the 
surface. This brown starch is the more astringent of the two, and is locally preferred. After a 
final passing through the finest sieve, and settling, it is placed on cloths to harden, broken up fine 
on trays, and dried in the sun and wind. About 100 lb. good arrowroot may be got from 4 barrels 
of the peeled and cleaned rhizomes, about 24 hours being the duration of the water process. In 
Jamaica, rude machinery is used for the pulping operation. The one great precaution necessary is 
the absolute avoidance of contamination with dust, rust, insects, or anything capable of communi- 
cating odour or colour; hence a good supply of pure water (especially free from iron) is pre- 
eminently requisite. The refuse of the plant forms excellent pig-feeding material. The pro- 
duction and exports of arrowroot from the W. Indian Islands are exhibited in the following figures. 
Bermuda shipped 10,334/. worth in 1851, which gradually decreased till the quantity in 1870 was 
only 25 cwt. The quality of Bermuda arrowroot has never been surpassed, mainly on account of 
the care exercised in its preparation. Jamaica bas about 50-60 acres under arrowroot; the 
exports were 70,204 lb. in 1866, 13,193 in 1871-2, 1636 in 1873-4, 21,983 in 1874-5, 3514 in 
1876-7. St. Vincent shipped 10,379 bar. in 1870, 17,669 in 1877, and 14,916 in 1879. Barbados 
exported 114/. worth in 1877, and 24/. in 1878. Grenada shipped 20 lb. in 1878. In the adjacent 
colony of British Guiana, the plant is readily cultivated, but the product is very inferior through 
carelessness in the preparation. Dutch Guiana (Surinam) exported 6211 kilo, (of 2-2 lb.) in 1877, 
and 89 in 1878. 

In Natal, arrowroot-culture is carried on chiefly in the counties of Durban, Victoria, and 
Tugela; also in Cape Colony. The land, preferably old, is well ploughed and broken up at the 
commencement of the rains ; sets taken from old stools are planted thickly in a simple plough- 
furrow, and covered with earth turned out of a parallel furrow. The plant grown is the same as 
in the W. Indies, and the mode of preparation is practically identical. The area occupied by 
arrowroot in Natal was 226 acres in 1864, and 386 in 1870. The yield varies much ; 61 acres in 
Tugela gave 1220 cwt. ; 66 in Victoria, 639 ; 98 in Durban, 488. The exports were 6366 cwt in 
1859, 1206 in 1874. 

The same plant is considerably cultivated in India, but much of the E. Indian arrowroot is 
afforded by another genus. In the S.-W. districts, notably Travancore, Cochin, and Canara, 
Curcuma angustifoUa, C. Icucorrhiza, and perhaps some other species, are extensively grown, and their 
starch, known as tikor or tikhar, is prepared by rude processes. 

Maranta nobilis seems to be the kind chiefly cultivated in New South Wales. Queensland grows 
not only M. arundinacea and C. edulis, but also 3 species of Manihot (see Tapioca, p. 1828). The 
area occupied by arrowroots of all kinds in Australia in 1879 was : — Queensland, 132 acres ; New 
South Wdes, 27 acres (produced 47,484 lb.) ; Victoria, 4 acres (produced 67 cwt.). Queensland in 
1869 exported 26,368 lb., value 548/. 

Several species of Canna are cultivated for their starch, that produced in St. Kitts being known 
as tous-ies-mois (a corruption of toulema, tolomane or tmhala). The species have not been accurately 
determined, but it would appear that <7. edulis [iTjdica] is the one mainly or exclusively raised in 
the W. Indies, while others mentioned are C. Achiras, a native of Peru, C. flaccida, of Carolina, and 
C. glauca and C. coccinea. The island of St. Kitts (W. Indies) exported 51,873 lb. of this arrowroot 
in 1876. Some is also produced in Australia (from C. edujfs), the plants being set in ordinary 
ploughed land, and harvested in April. Tous-les-mois, when boiled with 20 times its weight of 
water, yields a more tenacious jelly than the Jfaranta-starch. 

Tahiti or South Sea arrowroot is obtained from the tuberous root of the pia of Tahiti (Tacca 
pinnatijida), a plant affording over 30 per cent, of starch, also said to occur in China, Cochin 
China, the Moluccas, Zanzibar, &c. The area occupied by the culture of this plant in Fiji in 
1879 was 2215 acrea Other species met with in India, Madagascar, Guinea, and Guiana, might be 
ntilized„in a like manner. The starch of T. involucrata is extracted on the W. coast of Africa. 



POTATO-STAECH. 


1823 


Arrowroot is also locally obtained and used from varions species of Z tmia ■ in Florida, under the 
name of boonti, from Z. integnfoUa and Z. {Encephalartos\ spiralis ; in Queensland and W. Australia, 
from another species, which contains 30 per cent, of starch resembling arrowroot in feel and taste. 
Portland arrowroot, not now to be met with in commerce, was formerly prepared from the roots of 
Arum maeulatum, in the island of Portland. Small quantities of starch are also obtained from 
A. italicum in Italy. The starch of the root of Alstrameria Ligtu and other species is used as 
arrowroot in Chili. 

Arrowroot is a brilliantly white, insipid, odourless powder, crackling under pressure in the hand, 
of sp. gr. 1-565 after drying at 100° <212° F.). The various kinds may be distinguished by the 
microscope by the differences in the size and form of the grannies. The chief commercial kinds 
and their values are : — Bermuda, Is.-ls. 6d. a lb. ; St. Vincent, 2§—75d. ; E. India, l^-2^d. ; Natal, 
3J-7d. The imports of arrowroot into the United Kingdom in 1870 were 21,770 owt., value 
33,0631. ; the value in 1875 was 56,1431. ; there are no returns since. The domestic consumption 
of arrowroot is sufficiently familiar. 

Buckwheat-starch. — A few English firms prepare starch from buckwheat {Polygonum 
fagopynim'). It is a fine powder of nearly pure-white colour. (See Wheat-starch, pp. 1828-9.) 

Greenheart-starch. — The starch obtained from the seeds of the greenheart or bibiri tree of 
British Guiana {Nectandra Bodiwi [leucantha\ to the extent of 50 per cent, and upwards, is locally 
used as food in times of scarcity. It has a bitter flavour and pale-brown colour, and is said to 
possess febrifuge and tonic properties. 

Sorse-chestnut starch. — The fruit of the horse-chestnut (see Nuts— Chestnut, pp. 1352-3) 
contains 16-36 per cent, of starch, which is readily extracted by the methods that are adopted for 
corn-starch. The preparation of the article is largely carried on in S. France, 100 lb. dry starch being 
obtained on an industrial scale from 240-250 lb. of the “nuts.” The bitterness is removed by 
treating with water containing carbonate of soda. 

Maize-starch'. — The grain of the maize or Indian com plant {Zea Mays') contains a large 
proportion of starch, the average quantity being about 53J per cent, in flat yellow American maize, 
and 54i in the flat white and round yellow varieties. In its occurrence and association, the starch 
of the maize closely resembles that of wheat ; it differs in that the accompanying gluten forms a 
less tough mass, and may be separated without having recourse to fermentation, thus affording a 
bye-product of greater value for cattle-feeding purposes. The grain is cleaned, soaked in water 
for 24-30 hours, crushed in a roller-mill or ground to paste between millstones, and washed in 
cylinder-sieves as described for potato-starch (see Fig. 1287, p. 1825). The starch-mUk thus 
separated is poured upon inclined tables where the starch granules are deposited, while the 
nitrogenous matters pass on to capacious tanks, and gradually subside, to be subsequently 
collected and mixed with the hulls for cattle-food. The starch which settles in the inclined 
tables forms a good paste for finishing textiles, without further treatment. The quality 
may be improved by the application of alkaline solutions, which dissolve the remaining 
gluten. 

There are several modified methods of manufacturing maize-starch. Watts steeps the maize at 
a temperature of 25°-60° (77°-140° F.) until slight fermentation has set in. Leconte soaks the 
grain in a caustic soda solution, washes it in a wire sieve, and crushes it between millstones on 
which plays a jet of water. The starch-milk is filtered on to the inclined tables. 

The finer qualities of maize-starch are largely used as a substitute for arrowroot and for making 
biscuits, while the lower grades serve for laimdry purposes. The most extensive fectories where 
it is produced are Brown and Poison’s in Scotland, Erkenbrecher’s in Cincinnati, and the Glen 
Cove Co. in New York ; it is also made in Brazil, New South Wales, France, and Hungary on a 
considerable scale. 

Flantain-starcli. — This starch, sometimes called Guiana arrowroot or plantain-meal, is 
extracted from the unripe fruit-pulp of Musa paradisatca, by slicing, sun-drying, powdering, sifting, 
and washing with water. The article is mostly exported as meal to Europe, and the starch is 
manufactured after arrival. The flour is said to contain 66 per cent, of starch. 

Potato-starch (Fr., Fecule de Pomme~de-terre\ Geb., Kartoffelstdrke). — The potato {Solanum 
tuberosum [esculentuynj) contains starch to the extent of 15-25 per cent. ; the amonnt varies according 
to the soil, climate, manuring, and storage — freezing and sprouting being ahke detrimental. About 
66-75 per cent, of the contents are obtained by the manufacturer. 

There are chiefly two methods of manufacturing potato-starch. According to the older and 
commoner plan, the potatoes are first cleaned and then grated. The cleaning embraces the washing 
away of the attached dirt, and the elimination of stones and other foreign bodies. Many machines 
have been devised for the purpose, one of the best being Venuleth’s, shown in Fig. 1282. It consists 
essentially of an iron receptacle a for the dirty potatoes, a shaft b carrying wooden beaters c, which 
revolve in a trough of water, provided with an iron grating which allows the dirty water to escape 
into a lower trough d, whence it can be withdrawn at the door e. The washed potatoes pass into 
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the box/, read; to be conveyed by the elevators g, into the grating-machine, which usually stands 
on the floor above. 

Another form of washing apparatus is shown in Fig. 1283, and is known as Champonnois*. It 
consists of a wooden tank a filled with water, in which revolves a cylinder b, formed of open wood- 
work. The potatoes are fed by the 
hopper c, washed by the rotation of 
the cylinder, and thrown by the lips 
d upon the external inclined plane e, 
also formed of laths. 

The grating or grinding of the 
washed potatoes ruptures their cells, 
and liberate the starch to a greater 
or less degree. Of the numerous 
graters in use, one of the best is 
Champonnois’, shown in Fig. 1284. 

The potatoes are introduced by the 
hopper a, and are forced by the 

rapid rotation of the fliers b (800-1000 rev. a minute) against the short saw-like teeth of the 
raspers c. Water is at the same time injected at d ; e f are the fast and loose pulleys, and a fly- 
wheel is fixed on the end of the shaft g. The motion of the machine is reversed every 6 hours to 
equalize the wear, still the raspers require sharpening after 48 hours’ tue. The whole interior 
needs frequent washing out with 

elean cold water, and the raspings izsa. 

should be removed at very short 
intervals. 

The grated paste next requires 
treatment to septuate the starch- 
granules from the cellular and 
fibrous matters. This is effected by 
sifting-machines of various kinds 
with the aid of water. One of the 
simplest forms is shown in Fig. 

1285 ; the brushes b rotate over 

the surface of the wire or hair sieve, while water is supplied by the pipes a ; motion is given 
by the pulley o and bevel-wheels d. 

Siemens’ bolting-sieve is shown in Fig. 1286. The grating-cylinder c is secured to a simple 
wooden frame e ; the paste falls from the cylinder upon the bolting-sieve h, supported from the 
frame by bars /. The 
grating-cylinder is driven 
by a pulley, and trans- 
mits motion to the pulley 
d, which connects with 
the sieve by the bar g. 

The sifted paste is con- 
ducted by A to the re- 
ceptacle f. Water is 
admitted to the cylinder 
at a, and to the sieve at 
i, while b is the feed- 
hopper. The liberated 
starch is conducted into 
settling-tanks. 

Hunk’s sieve. Fig. 

1287, is composed of 
three sieves a placed 
end to end, but sepa- 
rated by cylindrical 
chambers b of greater 
diameter. The mesh of the sieves is of increasing degrees of fineness. 'The sieves rotate in the 
opposite direction to the brushes which impinge upon their surface, and to the iron arms in the 
intermediate cylinders. The paste from the rasper falls into the first sieve, where it is strongly 
agitated by the brushes, while water is admitted by jets throughout the whole length of the sieve. 
In the intermediate cylinders b, the paste is stirred up with the water by the iron arms. 
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The sifted and washed starch is allowed to deposit itself in large tanks, and when this has 
sufficiently taken place, the water is drained off, and the deposit is again washed with water. The 
milky liquid is drawn off in a thin stream and passed OTer an inclined plane, on which the starch 
deposits itself at varying distances from the head of the plane, according to its quality. It still 
requires a washing in clean 
water. Sometimes centrifugal 
machines are employed. Fesca’s 
is shown in plan in Fig. 1288 ; 
the drum a, made of J-in. 
sheet-iron, is driven by the belt 
6. Other centrifugal machines 
will be found described under 
Bleaching (pp. 495-6) and 
Sugar. 

Potato - starch is largely 
bleached by the application of 
sulphuric acid ; this being ab- 
solutely requisite when the 
potatoes are at all decayed. 

After the use of the sulphuric acid, any possible remaining traces must be neutralized by ammonia 
or milk of lime, fixed caustic alkalies being inadmissible. Chlorine is also muoli used for 
bleaching starch, usually as a solution of calcium chloride in water soured by the addition of 



sulphuric acid ; this and some other salts cause the grains to swell, and render them soluble in 
cold water. Sal ammoniac is another favourite agent. 

The manufactured starch finally requires drying. This is primarily effected by spreading it on 

bricks or gypsum slabs, and then by laying it on 
“ hurdles ” in a room which is thoroughly venti- 
lated, and through which is passed air heated by 
a furnace beneath. An improved form of drying- 
chamber by Lacambre and Persac is shown in 
Fig. 1289. The starch is introduced at a upon a 




series of linen trays i>, all of which revolve at a uniform speed, so that the starch is gradually 
transmitted from one to the other till it reaches the receptacle c, having been completely dried in 
its passage by encountering the hot air derived from the furnace d. 

According to Schaer, potato-starch when mixed with 10 parts by weight of a mixture of 2" parts 
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head-quarters of sago-cnlture, the territory of Sai^wak alone famishing more than half the sago 
produced in the whole world. The pedm flourishes on the marshy banks of the rivers all along the 
Sarawak coast to about 20 miles inland. Very large quantities are brought down from the 
Limbang, and other rivers in the interior. It is sent down in the taw state, and is manufactured 
into flour at two Chinese factories near Brunei, and three in Labuan. The exports from Borneo in 
1879 were 20,000 tons, value about 161,432/. This was almost entirely sago-flour, the quantity of 
raw sago being very small, and of pearl still less. As seen in commerce, sago is usually in the 
form of grains. These are prepared by different methods in different localities, but the principle 
is the same in all, viz. that of mixing the meal into a paste with water, and rubbing it through 
suitable sieves to granulate it. It is made in a spherical form in New Guinea, according to Forrest, 
by allowing the sago, as it drops from the sieves, to fall into a shallow iron pot held over a fire. 
Blume states that in Singapore it is made by the Chinese in a similar way, the grains being 
constantly turned during the process. A factitious sago is prepared in Europe from potato-starch ; 
the fraud is readily detected by the microscope. 

Our imports of sago and sago-flour in 1880 were 377,025 cwt., 304,754/., from the Straits 
Settlements: 4643 cwt., 3581/., from other countries; total, 381,668 cwt., 308,335/. Our re-exports 
in the same year were: 10,954 cwt., 9224/., to Denmark; 17,357 cwt., 14,391/., to Germany; 
14,006 cwt., 13,006/., to other countries; total, 42,317 cwt., 36,621/, Our direct imports from 
Borneo were 5735 cwt., 3993/., in 1876. The approximate London market values of sago are; — 
Pearl, small, 17-20*. a cwt. ; medium and large, 19s.-21s. 6J . ; flour, 16s.-21s. 6J. 

Tapioca. — Tapioca is derived from several species of ilanihot [Jatropha, Janipha], chiefly the 
bitter or poisonous {M. uiilissima), the sweet cassava, manioc or mandioc (Jf. Ai>i), and M. Janipha. 
They seem to be natives of Brazil, but are largely cultivated also in Guiana, Venezuela, W. Africa, 
and the 'W. Indies, as well as in S. India and Malaysia. The bitter kind is propagated by cuttings 
from the ligneous part of the stem, planted in rich dry soil. It is more productive than the sweet 
species, which latter will grow in almost any soil, though beat in such as is suited to the former. 
The tubers are ready for digging up in 6-12 months, according to the variety. The volatile poison 
contained in the juice of the bitter kind is first removed in a measure by pressing the grated root, 
the operation being completed by the subsequent heating passed through. There are two modes of 
preparing this starch. In the “ wet ” method, the grated root is placed in water for 4-6 days, then 
kneaded with water, and pressed to extract the juice. The fecula is sifted and baked in earthen 
ovens, some fresh manioc paste, which has fermented, being always added. In the “ dry ” process, 
the root is rasped by hand, water is added, and it is put to be pressed ; after drying and sifting, it 
is baked. The fecula deposit is washed 3 times and sun-dried. The collected starch, heated on 
iron plates, becomes partiaUy cooked, and agglomerates in small, hard, irregular lumps, constituting 
tapioca. In British Guiana, the juice is expressed from the grated root by means of a cylindrical 
squeezer, caUed a matapi, made from the ito-palm {Mauritia ftemosa). By attaching one end of the 
flUed bag to a beam, and suspending a weight from the other end, the contents of the bag are 
compressed by its elongation, and the juice runs out. Pearl tapioca is likewise factitiously 
prepared from potato-starch. The concentrated juice of the bitter cassava is the basis of the well- 
known W. Indian sauce called “ pepper-pot/’ 


The culture of the plant is inexpensive, and the product is highly remunerative, bo that the 
growth of the plant is becoming very general throughout the tropics. Brazil exported about 
7 million litres (of If pints), value 26,050/., in 1871. Dominica exported 246 bush., 63/ in 1872" 
2242 bush., 324/., in 1878. Brunei (Borneo) shipped 413 dol. worth to Singapore ’in 1879 The 
approximate London market values are;-Kio, 3-6(/. a lb.; Penang and Singapore, 2i-3ic/.- flour 
lf-2|(/. ; pearl, 18-30*. a cwt. Kio tapioca is whiter than that of Bahia. * ’ * 

Wheat-starch (Fb., Amidon de Ble; Ger., Weizenstdrke).—T:ha ripe grain of the wheat-plant 
(Triticum mlgare) contains 50-75 per cent, of starch. There are three chief methods for preparing 
wheat-starch, based on different principles :-(l) By acetous fermentation, (2) without fermentetiom 
(3) from flour. ^ 


'ne &st plan which IS still in wide use where flour-mills are taxed, labours under the 
disadvantages that the gluten is destroyed for all practical purposes, and that noxious vapours and 
foul liquids are largely produced. The wheat is first soaked in “ sleeping-troughs ” Spacious 
tai^ of woiri, iron, i^sonry or concrete arranged so as to be readily supplied with ’clean water, 
and as readily drained of foul liquors, and maintained at a temperature of 12J°-15'> (54*°-59o F I 
The tank has a sfrainer-top for drawing off the foul liquid, and a manhole near the bottom for 
wit^awing the gmn. The tank is half-filled with pure soft water; some of the grain is intro- 
duced. and thoroughly stirred up ; the hulls, empty grains, and rubbish are skimmed off. This is 
repeated with new quantities of gram, and water is let in till it rises 2-3 in. above the grain This 
water is generaUy used at a temperature of (50°-54r F.). but the operation rnav be much 

hasten^ by employing it at 30°-38o (SSO-lOOi^ F.). The duration of the steepinrdein^ Zl 
upoif the tempemture, and upon the character of the water and grain respectively, but commonly • 
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amounts to four days in summer and 10-11 in winter. The foul water is drained off, and the 
soaked mass is washed clean by running in ftesh water, and allowing it to drain off for several 
hours. The grain is then withdrawn at the manhole for bruising. It is necessary to watch that 
the water does not becopie sour by the fermentation of extracted matters. 

The bruising is very simply performed in a roller mill, the iron rods being adjustable, and a 
smaller roll revolving above, and serving to regulate the feed. The mill must be set so that it will 
bruise every grain without crushing the starch granules. 

The bruised grain is conveyed for fermentation to large oaken cisterns, which, when new, 
require to be filled with boiling water for three days to extract the tannic acid. For fermentation, 
the grain is stirred up with pure water in summer, or soured water in winter, the temperature is 
maintained at about 20° (68° F.), and the operation lasts some 14 days. During its continuance, 
the mass is well stirred up. Finally the scum subsides, the surface becomes covered with a fungus 
{Penicillium glaucutn), and the mass is “ ripe.” The result of the fermentation is that the gluten has 
been so far decomposed as to liberate the starch granules; care must be taken to prevent its over- 
stepping this limit, and affecting the starch granules themselves. 

The impure liquor is drawn off from the starch mass, and the latter is transferred to washing- 
drums (Fig. 1290) for evaporating the starch from the associated impurities. The side-walls b of the 
drum are of wood with iron spokes, the drum 
itself being a perforated copper plate e ; a per- 
forated pipe c passes tlirough the stuffing- 
boxes of the drum, and is surrounded by a 
second casing d, also perforated. The drum 
is emptied and filled by the door a. The 
starch-milk flows from the drum into the box 
/, which runs on rollers, and thence into the 
depositing-tank g. 

Here the gradual separation of the starch 
takes place under the influence of agitation 
and subsequent rest. All but the starch, 
which forms the lowermost layer, is removed. 

The starch is then passed through very fine 
hair sieves, and again stirred up with pure 
water, and again allowed to deposit after some 
agitation. It is more convenient to effect the 
sifting under water. The final deposition 
takes place in oblong troughs, with convenient 
taps for letting off the liquids. The refining is not carried beyond the point when the starch 
ceases to show an acid reaction on litmus-paper. The washing is frequently done in centrifugal 
machines. Lastly, the starch is dried, first partially by laying the cakes under bricks or gypsum 
slabs, or by means of air-pumps, and completely in a drying-room at 60° (140° F.). 

In preparing wheat-starch without fermentation, the grain is steeped, bruised, and washed, the 
last operation being best done in a centrifugal machine. The process is not a general one, in spite 
of its affording the gluten as a by-product. 

The preparation of starch from wheat-flour (Martin’s method) has many advantages over the 
ordinary plan. The flour is kneaded into a stiff dough with water, and, after one or two hours, the 
dough is washed in a fine sieve under a jet of water till all 
the starch has escaped as a milky fluid. The washing is 
best effected by a machine such as is shown in Fig. 1291. 

The troughs ti contain water, and are replaced at b by wire 
cloth drawn over a wooden frame. Grooved wooden rollers 
are made to move across the bottom of the troughs, while 
constant jets of water play upon the dough. About one hour 
suffices for liberating the starch from 2 lb. of dough. The 
starch-milk flows off by a pipe into a receiver. The gluten 
is freed from surplus water by kneading under the rollers, 
and is then removed for utilization as food. 

Bibliography.— 3. Wiesner, ‘ Die Eohstoffe des Pflanzen- 
reiches ’ (Leipzig ; 1873) ; E. J. Bemardin, ‘ Classification de 250 Fecules ’ (Ghent : 1876) ; P. L. 
Simmonds, ‘ Tropical Agriculture ’ (London : 1877) ; C. Scheibler, ‘ Starkemehl Industrie ’ (in 
A. W. Hofmann’s ‘ Ohemische Industrie,’ III. Heft, Brunswick ; 1877) ; Fliickiger & Hanbury, 

‘ Pharmaoographia ’ (London; 2nd ed., 1879); Frankel & Hotter, ‘ Starch, Glucose, &c.’ (Phila- 
delphia ; 1881) ; F. Eehwald, ‘ Starke-Fabrikation, &c.’ (Leipzig) ; Bentley & Trimen, ‘ Medicinal 
Plants,’ pp. 265, 266, 278 (Lond. : 1875-80) ; Pereira’s ‘ Materia Medica,’ 5th ed., Vol. ii., part 1. 
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StrOAS (Fb., Sucre ; Geb., Zucher). 

The term “ sngsr ” was originally employed and intended to classify all substances liaTing a 
sweet flaTour, and thus came to be need almost indiscriminately for cane-sugar, fruit-sugar, sugar 
(acetate) of lead, and other bodies possessing that property. At present, in a general sense, it is 
reserved almost exclusively to denote cane- and beet-sngar (true crystallizable sugar). In chemistry , 
the word “ sugar ” is applied generieally to a large class of organic bodies intermediate between 
starch and alcohol, termed “ carbohydrates,” each having 6-12 atoms of oxygen and hydrogen 
combined in the proportion to form water ; they are nearly allied to, and may be considered as 
derivatives of, the hexatomic alcohols (CsH^O,), of which, mannite may be taken as a type. 
Indeed, mannite, which can hardly be strictly classed as a true sugar, may be artificially formed 
from glucose (CsH,jOg) by treatment with sodium amalgam, the glucose thereby taking up 2 atoms 
more of hydrogen, and becoming converted into mannite : — 

Glucose. Melinite. 

CeH„0,-l-2H = C,H.,0, 

. Although the hexatomic alcohols are not to be regarded as true sugars, still, as each of them 
possesses a marked saccharine flavour, and presents some of the other characteristics of the 
true sugars, it will be convenient and instructive to include them in the subjoined tabular 
classification : — 

Carbohydrates. 


Isomeric Saturated Hexatomic Alcohols. 

Isomeric Glutxises. 

lB<Hueric Sacchsroeea. 

CfiHuOs. ! 

CeHuOj. 


Mannite, mannitol. 

Sucro-dextrose, dextrose. 

Cane-sugar, saccharose. 

Dulcite, dulcitol. i 

glucose, diabetic sugar. 

bnerose. 

Isodnlcite, isodulcitol. 

Sucro-laevnlose, Isevulose, j 

Milk-sugar, lacton, lactose. 

Sorbite, sorbitol. j 

Iffivo-glucose. 

lactine. 

Finite, pinitol. 

Lactose, galactose. 

Starch-sugar, amylon. 

Quercite, quetcitol. j 

Arabinose, pectinose. 

maltose. 

Inosite, inosol. : 

Eucalyptose. 

Mycon, mycose, trebalose. 

Dambose. 

Sorbin. 

Eucalypton, melitose. 

Bomesite. 


Meleziton, melezitose. 

Dambonite. I 


Parasaocharose. 

1 


Synauthron, synanthrose. 


The properties by which the members of these groups may be distinguished are mainly 
(1) By boiling with acids (even dilute), the hexatomic alcohols and the glucoses are but little 
affected, while the saccharoses are converted into glucoses ; (2) the varying powers possessed by 
many of their solutions, particularly the glucoses and saccharoses, in rotating the vibration-plane 
of a ray of polarized light ; (3) the tendency of the glucoses to enter into fermentation, while the 
hexatomic alcohols are imfermentable, and the saccharoses are either unfermentable, or only 
partially fermentable and with great difficulty ; most of the last, however, are converted into 
glucoses by the action of ferments, some of which, such as diastase (a principle formed during the 
germination of seeds) and synaptase (a principle found in almonds and other fruit-kernels), have 
special effects. The saccharoses are also converted into glucoses by the saliva, and the juices of 
the stomach and intestines ; aud some, as cane-sugar, merely by prolonged heating or boiling in 
water. Some other ferments, such as Torula cerecisice and Penkillium glaucum, seem to possess 
the property of converting some saccharoses into glucoses, before promoting the special fermenta- 
tions produced by their propagation. The fermentable sugars (CsHjjO,) which are capable of direct 
vinous fermentation are invert sugar (a mixture of dextrose and Isevulose), dextrose, laevulose, 
galactose, maltose. 

The members of the first group (hexatomic alcohols) demand no further consideration here. The 
most important commercially is mannite (see Drugs— Manna, pp. 817-8). The members of the 
second group (isomeric glucoses) will be spoken of generieally at greater length, and the principal 
ones are specially dealt with under Honey (pp. 1127-30), Drugs— Manna (p. 810), Fruit (pp. 1022-9), 
Beveraues Wine (pp. 432-50), and sub-sections of the present article. 

Invert sugar (CsHijOs) can be produced from crystallizable sugar by the action of acids, 
diastase, heat, salts, &c. It is easily fermentable, forms salts with metallic bases, is found in the 
juices of many plants, and is present in very large proportion in the juice of unripe sugar-cane ; it 
is manufactured on a large scale from grain or starchy materials by treatment with a mineral acid, 
and conversion with high-pressure steam (see Starch-sugar); as thus prepared, it is uncrystallizable, 
of a slightly sweetish flavour, and can be concentrated to a thick jelly or to a solid state; heated 
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with a solution of cane-sugar, it converts nearly its own weight of that substance into the nncrys- 
tallizable form ; with alkalies, it darkens in colour, and forms soluble salts with them'; it reduces 
an alkaline solution of a cupric salt; as a syrup, it is almost colourless, and. in the solid form, 
the colour varies according to the care taken in its preparation. The two bodies of which it is 
compost'd, namely dextrose or dextro-glucose and laevulose or Isevo-glucose, diifer iu rotatory power, 
and in other particulars ; they are, however, sehiom met with in a separate state. 

Dextrose (CjHioDj) rotates a ray of polarized light to the right. It may be obtained in the 
form of needle-shaped crystals by the evaporation of an alcoholic solution ; when freshly prepared, 
its rotatory power is 112°, but after standing for some time, or immediately on heating, the rotation 
sinks to 5ti°, and remains constant; it is insoluble in ether, soluble in alcohol, and gives no 
coloration when mixed with concentrated sulphuric acid ; with alkalies, on the application of heat, 
it turns brown ; it reduces an alkaline solution of a cupric salt, and forma with metallic bases, 
compounds called glucosates; when heated to 170° (338° F.), it gives off one atom of water; by 
increasing the temperature, it turns brown, and is subsequently converted into caramel. 

Lsevulose is isomeric with dextrose, but rotates a ray of polarized light to the left ; its 
molecular rotatory power, which varies w ith the temperature, according to Dubrunfaut, is [a] j = —53° 
at 90° (194° F.), - 79-5 at 52° (125-6° F.), - 106 at 14° (57-2° F.). It is a colourless, uncrystal- 
lizahle syrup ; on the application of heat, it behaves much in the same way as dextro-glucose. It 
may be prepared by inverting cane-sugar with hydrochloric acid, and adding excess of calcic 
hydrate ; the liquid after some time solidifies, and the solid mass, when submitted to pressure, 
yields a solution of a calcium salt of dextro-glucose together with calcium chloride ; after washing 
the cake of Isevo-glucose with water, and treating with oxalic acid, a solution of l®vo-glucose is 
obtained. 

Maltose, according to O’Sullivan, is a crystalline body yielding 50 per cent, of its weight of 
alcohol when fermented with yeast. It is formed by tlie action of malt-extract on starch; its 
specific rotatory power is twice that of cane-sugar (147-6). 100 parts correspond to 77-32 of cupric 
oxide, being equal to 65 parts of invert sugar. By boiling with acids, it is converted into dextrose. 

Those members of the third group (isomeric saccharoses) which are objects of manufacture will 
be described in detail under their special heads; others are dealt with under Drugs — Ergot, 
p. 810, Manna, p. 818. 

It may here be explained that “ barley-sugar ” is pure sugar melted by heat, and allowed to 
solidify to an amorphous muss instead of crystallizing. “ Sugar-candy ” is a solution of sugar 
crystallized by very slow evapor.ition, the crystals being unusually large, and centred around 
threads suspended in the liquiel for the purpose of forming nuclei. “ Molasses ” is the dark- 
coloured, impure liquid, consisting of a mixture of crystallizable and uncrystallizable sugar, 
coloured by caramel (see pp. 598-9), and containing the greater part of the organic matters 
separated in the processes of making and refining cane- and beet- sugars. “ Syrup ” or “ goldt-n 
syrup” is the molasses obtained by washing and “ machining” the higher classes of refined sugar. 
“Glucose” is applied commercially only to artificial starch-sugar; in analysis, it signifies all 
uncrystallizable sugar found in cane-sugars ; to avoid confusion, the term “ uncrystallizable sugar ” 
will be employed throughout this article to denote all forms of uncrystallizable or very slightly 
crystallizable sugar — (the very weak crystallizing power of dextrose and Imvulose causes them to 
be called ««-crystallizable) — met with or produced in the course of preparing crystallizable sugar, 
and the special terms glucose, starch-sug.ir, will be reserved for their special application. The 
commercial sugars, whose production and manufacture will receive detailed description in this 
article, will take the following order: — Beet-sugar, Cane-sugar, Maple-sugar, Melon-sugar, Milk- 
sugar, Palm-sugar, Sorghum- and Maize-sugar, Starch-sugar and other Glucoses. Tliese will be 
followed by sections on Sugar-refining, Summary of Patents, Analysis, Production and Commerce, 
Bibliography. 

Beet-sugar (Fn., Sucre de Better arcs •, Ger., Edben-ucker). Cultivation. — Tiie beetroot {Beta 
viilj'iris), indigenous to Europe, is cultivated in France, Germany, Belgium, Holland, Scandinavia, 
Austria, Russia, and to a very small extent in England, and recently established in Canada, the 
United States, and New Zealand. There are many varieties. The most import.int to the sugar- 
maker is the white Silesian, sometimes regarded as a distinct species (S. alba') ; it shows very little 
above ground, and penetrates about 12 in. ; it has a white flesh, the two chief forms being 
distinguished by one having a rose-coloured skin and purple-ribbed leaves, the other a white skin 
and green leaves. Both are frequently grown together, and exhibit no marked difference in 
sugar-yielding qualities. 

Good sugar-beets possess the following broad characteristics : — (1) Regular pear-shaped form 
and smooth skin ; long, tapering, carrot-like roots are considered inferior ; (2) white and firm flesh, 
delicate and uniform structure, and clean sugary flavour ; thick-skinned roots are spongy and watery ; 
those with large leaves are generally richer ; (3) average weight li-2J lb., neither very large nor 
very small roots being profitable to the sugar-manufacturer ; as a rule, beets weighing more than 
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3J lb. are watery, and poor in sngar; and roota weighing leas than i lb. are either unripe or too 
woody, and in either case yield comparatively little sngar ; the sp. gr. of the expressed jnice, nsnally 
1’06-1'07, even reaching 1’078 in English-grown roots, indicating over 14 per cent, of crystal- 
lizable sngar, is the best proof of quality ; juice poor in sngar has a density below 1 '060 ; (4) in 
well-cultivated soil, the roots grow entirely in the ground, and throw up leaves of moderate size. 

The improvement of the sugar-beet has long been studied by Continental agriculturists. The 
comparative values of the chief new sorts shown at the Paris Exhibition may be thus tabulated, 
premising that the figures given are not attained on a working scale : — 


ICame. 

Gross 
yield 
per acre. 

St^r in 

1 gal. 
of juice. 

Sugar 
yield 
per acre. 

Working yield of 
Sugar. 

Per ton. 

Per acre. 


lb. 

lb. 

lb. 

lb. 

lb. 

German 

50,776 

1-54 

6925 

226 

4541 

Green-neck 

67,936 

1-42 

8496 

177 

4775 

Rose-neck 

65,560 

1-47 

8562 

186 

4835 

Grey-neck 

72,072 

1-32 

8333 

152 

4417 

Vilmoriu’s 

36,168 

1-90 

6103 

296 

4144 


The last-named is most esteemed where the duty is levied on the roots (Germany and Bnssia) ; 
it gives 15-18 per cent, of extremely pure jnice. 

Composition of the Roots. — Internally the root is built up of small cells, each filled with a juice 
consisting of a watery solution of many bodies besides sugar. These include several crystallized 
salts (most of which are present in minute traces only), such as the phosphates, oxalates, malates, 
and chlorides of potassium, sodium, and calcium, the salts of potash being by far the most 
important ; and several colloid bodies (albuminous [nitrogenous] and pectinous compounds) ; as well 
as a substance which rapidly blackens on exposure to the air. The greater part of the sugar in 
ripe beets is crystaUizable, and, when perfectly pure, is identiatl in composition and properties 
with crystallized cane-sugar; but it is more difficult to refine this sugar so as to free it from the 
potash salts, aud commercial samples have not nearly so great sweetening power as ordinary cane* 
sngar. Beets contain no uncrystallizable sugar : the molasses produced in beet-sugar manufactories 
is the result of changes which cannot be entirely avoided in extracting the crystaUizable sugar. 

Following are analyses by Voelcker of roots grown near Lavenham, Suffolk : — 


Description .. ..| 

Green 

top, 

white 

skin. 

Red top, 
rose- 
coloured 
skin. 

White 

pear- 

shaped 

root. 

Long 

red 

root. 

Long 

red 

root. 

Pear- 

shaped 

white 

root. 

Small 

red 

top. 

Pear- 

shaped 

white 

1 root. 

Weight of root 

2|lb. { 

2 lb. \ 
4i 02. / 

IJIb. 

21b. 

lilb.{ 

2 1b. 

5 oz. 

1 lb. 

4f 02. 

21b. 
12^ oz. 

Sp. gr. of juice 

1-0637 

1-0689 

1-058 

1-0612 





At a temp. of.. 

64° F. 

64° F. 

62° F. 

62° F. 

! 


58° F. 

58° F. 

Moisture 

83 11 

82-72 

83-03 

83-43 

82-70 

82-27 

81-76 

83-34 

Albuminous com-) 
pounds* .. ../ 

Crude fibre (pulp) . . 

1-25 

1-44 

1-71 

1-53 

1-23 

1-08 

2-13 

2-12 

3-43 

3-38 

4-31 

3-49 

3-60 

3-73 

3-77 

3-04 

CrystaUizable sugar 

10-51 

10-94 

9-31 

10-04 

10-72 

11-14 

10-55 

9-74 

Pectin, colouring) 

matter, &c / 

0-63 

0-45 

0-60 

0-50 

0-68 

0-74 

0-70 

0-52 

Mineral matter (ash) 

1-07 

1-07 

1-04 

1-01 

1-07 

1-04 

1-09 

1-24 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

* Containing nitrogen 

0-200 

0-231 

0-275 

0-245 

0 197 

0-173 

0-341 

0-340 


Climate . — The mean temperature of the Continental beet-growing districts, and of those 
localities in England where beets may be cultivated for sugar-making purposes, is about 16J°-18° 
(62°-65° F.). The formation of the sugar is favoured not so much by a hot summer as by dry weather 
and unclouded sky during autumn : hence the root succeeds better in N. France and N. Germany 
than in Central France and S. Germany ; hence also the prospects of remunerative culture in 
Canada and New Zealand, and the failure in Australia. Nothing is so conducive to heavy crops 
as an abundance of rain during the first 2 months’ growth of the plant. It would thus appear that 
the E., 8--E. and N. counties of England, with many localities in Scotland, and a portion of Ireland, 
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are, so far as climate is concerned, well suited to the cultivation of the sugar-beet ; but it has hitherto 
been very little encouraged by ^;ricnlturists. 

SoU . — The best soil for beet contains a fair proportion of organic matter, is neither too stiff nor 
too light, and crumbles down into a nice friable loam ; it must be capable of being cultivated to a 
depth of at least 16 in. The subsoil should be thoroughly well drained, and rendered friable by 
autumn-cultivation and free admission of air. A deep friable turnip-loam, containing fair propor- 
tions of clay and lime, appears to be the most eligible land for sugar-beets. Lime is a very 
desirable element. Well- worked clay-soils, especially calcareous clays, are well adapted, if 
properly drained and of sufficient depth. Peaty soils and moorlands are quite unsuitable, as well 
as lands which are too dry, like the thin gravelly soils resting on siliceous gravel sub-soils, or too 
wet and cold, like many of the thin soils above impervious chalk marl. 

Speaking generally, the best soils for sugar-beet are precisely those on which other root-crops 
can be grown to perfection, that is, land which is neither too heavy nor too light, which has a good 
depth, is readily penetrated by the roots, and naturally contains lime, potash, clay, and sand, as 
well as organic matter, in such proportions as in good friable clay-loams. An analysis of the 
soil should be made previous to planting it with the sugar-beet, as the salts presented in solution 
in the soil will pass into the juice, and greatly interfere with the processes of sugar manufacture. 
Certain soils may be at once indicated as unsuitable : they are clover-land, recent sheep-pastures, 
forest-land grubbed during the preceding 15 years, the neighbonrhood of salt-works, volcanic and 
saline soils of all kinds. The beet requires a cert.iin supply of potash and soda salts in the soil, 
but if tiiese are present in excess, as in recent forest-land, the juice does not work well, nor give its 
proper yield of sugar. 

Manures. — Sugar-beets should be grown with as little farmyard manure as possible ; when dung 
has to be used, as in the case of very poor soils, it should be applied in autumn, or as early as 
possible during the winter months. The effect of heavy dressings of animal nitrogenous matters 
or ammoniacal salts, is to produce abundance of leaves, and big watery roots; the latter are 
comparatively poor in sugar, and contain potash salts derived from the animal matters, which 
greatly interfere with the extraction of sugar in a crystallized state. Common salt, and saline 
manures in general, though useful in moderate doses (2-3 cwt. per acre on light soils), should be 
avoided on the majority of soils, for sugar-beets grown on soils highly manured with common salt 
produce juice largely impregnated with salt, which is dreaded by the manufacturer even more than 
albuminous impurities, and nearly as much as excess of potash salts. 

If the land is in good condition, containing sufficient available nitrogen to meet the requirements 
of the crop, neither guano nor sulphate of ammonia should be used. They largely increase the 
weight of the produce p r acre ; but heavy crops are generally poor in sugar, and furnish a juice 
that presents much difficulty to the manufacturer. If the land is very poor, and if farmyard 
manure cannot be obtained and be applied in autumn, 3-4 cwt. of Peruvian guano, or 2 cwt of 
sulphate of ammonia, mixed with 2 cwt of superphosphate of lime, per acre, may be sown broad- 
cast in autumn, and 2 cwt. more of superphosphate may be drilled in with the seed in spring. 
Superphosphate of lime and bones are excellent for sugar-beets, and never injure the quality of the 
crop, like the indiscriminate use of ammoniacal manures. On light soils, in which potash is often 
deficient, the judicious use of potash salts has been found serviceable, but only in conjunction with 
superphosphate and phosphatic guanos. 

Analyses of sugar-beet ash show that this crop takes from 1 acre of laud Potash, 161-92 lb. ; 
nitrogen, 105-60; phosphoric acid, 40-48; lime, &c., 31-68. The injurious consequences of a 
heavy spring-<lressing of dung for sugar-beets are showu in the annexed analyses, representing the 
composition of 2 very large white Silesian beets grown in Suffolk : — 



A. 

B. 

Weight of root 

.. .. 111b. 6 oz. 

6 lb. 8 02. 

Sp. gr. of juice at 18" (65° F.) .. 

.. .. 1-0431 

1-0553 

Moisture 

.. .. 92-58 

88-13 

Albuminous compounds * 

.. .. 1-40 

2-16 

Crude fibre [pulp] 

.. .. 1-73 

2-74 

Crystallizable sugar 

.. .. 2-22 

4-82 

Pectin, &c 

.. .. 0-47 

0-44 

Mineral matter [ash] 

.. .. 1-60 

1-71 


100-00 

100-00 

* Containing nitrogen . . 

.. .. 0-225 

0-347 


Souring . — The best time for sowing beetroot in England is the beginning or middle of April. If 
sown too early, the young plants may be partially injured by frost ; if later than the first week in 
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May, the crop may require to be taken up in antumn, before it has had time to get ripe. About 
10-12 lb. of seed is required per acre. As regards the width between the plants, generally speaking, 
the distance between the rows and from plant to plant should not be less than 12 nor greater than 
18 in. Should the young plants be caught by a night’s frost, and suffer ever so little, it is beat to 
plough them up at once and re-sow, for they are certain to run to seed, and are then practically 
useless for the manufacture of sugar. Sugar-beets require to be frequently horse- and hand-hoed. 
As long as the young plants are not injured, the application of the hoe from time to time is attended 
with great benefit to the crop. It is advisable to gather up the soil round each plant, in order that 
the head may be completely covered with soil. Champonnois’ researches point to the advantage of 
planting in ridges, by which the supply of air to the roots is greatly facilitated. 

On tlie Continent, the conditions best calculated to ensure the roots possessing the characters 
most desirable from a sugar-maker’s point of view have been much studied. They are chiefly as 
follows : — (1) Not to sow on freshly-manured land : it is eminently preferable not to manure for 
the beet crop, but to manure heavily for wheat in the preceding year ; (2) not to employ forcing 
manures, nor to apply manure during growth ; (3) to use seed from a variety rich in sugar ; (4) to 
sow early, in lines 16 in. apart at moat, the plants being 10-11 in. from each other : there will then 
be 38,000 beets on an acre, weighing 21-28 oz. each, or 52,800-70,400 lb. per acre ; (5) to weed the 
fields as soon as the plants are above ground, to thin out as early as possible, and to weed and hoe 
often, till the soil is covered with the leaves of the plants ; (6) never to remove the leaves during 
growth ; (7) finally, not to take up the roots, if it can be avoided, before they are ripe, the period 
of which will depend upon the seasons. 

Good seed may be raised by the following means. The best roots, which show least above 
ground, are taken up, replanted in good soil, and allowed to run to seed. This seed is already 
good : but it may be further improved by sowing it in a well-prepared plot possessing all the most 
favourable conditions; the resulting plants are sorted, set out in autumn, put into a cellar, and in 
the spring, before transplanting, those of the greatest density, and which will give seeds of the 
best quality, are separated. These are transplanted at 20 in. between the rows and 13 in. between 
the feet, which are covered with about 1} in. of earth. Finally they are watered with water 
containing treacle and superphosphate of lime, as recommended by Corenwinder. 

Harvesting. — Sugar-beets must be taken up before frost sets in. When the leaves begin to turn 
yellow and flabby, they have arrived at maturity, and the crop should be watched, that it may not 
get over-ripe. If the autumn is cold and dry, the crop may be safely left in the ground for 7-10 days 
longer than is needful ; but should the autumn be mild and wet, if the roots are left in the soil, 
they are apt to throw up fresh leaves, and nothing does so much injury. In watching the ripening 
of the crop, a good plan is to test the sp. gr. of the expressed juice. A root or two may be taken 
up at intervals, and reduced to pulp on an ordinary hand-grater, the juice obtained by pressing 
the pulp through calico, and the density observed by a hydrometer. As long as the gravity of the 
juice continues to increase, the crop should be left in the land. Good sugar-yielding juice has a 
sp. gr. of about 1'065, rising to about 1'070. Immature roots, cut across, rapidly change colour on 
the exposed surface, turning red, then brown, and finally almost black. If newly-cut slices 
turn colour on exposure, the ripening is not complete ; but if they remain some time unaltered, 
or turn only slightly reddish, they are sufliciently ripe to be taken up. The crop should be 
harvested in fine, dry weather. In order that the roots may part with as much moisture as 
possible, they are left exposed to the air on the ground before being stacked, but not for longer 
than a few days, and they need to be guarded against direct sunlight. Pei haps the best plan is 
to cover them loosely with their tops in the field for a couple of days, then trim them, and at once 
stack them. 

Storing . — For storing roots, especial care should be taken to prevent their germinating and 
throwing out fresh tops, which is best done by 
selecting a dry place for the storage ground. 

They may be piled in pyramidal stacks, about 
6 ft. broad at base, and 7 ft. high. At first, the 
stacks should be thinly covered with earth, that 
the moisture may readily evaporate ; subsequently, 
when frosty weather sets in, another layer of 
earth, not exceeding 1 ft. in thickness, may bo 
added. This is essentially the method generally 
adopted in this country for storing potatoes and 
mangold. 

In continental Europe and Canada, extra precaution is necessitated by the rigorous climate. 

In S. Russia, the plan shown in Fig. 1292 is sometimes used. The beets are disposed completely 

below the siuface of the soil, in a trench dug with sharply sloping sides. At about 15 in. from the 
< 
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bottom, is an openwork floor of reeds, on which the beefs are piled to within a few inches of the level 
of the exterior boU. On the top, and following the apex of the heap, is laid a triangnlar ridge- 
piece a, for the purpose of facilitating evaporation. The whole is covered with a layer b of straw 
and fine earth, the thickness of which is varied according to the indications of the thermometer o 
placed in the centre of the mass. Between the floor of the trench and the openwork floor is a 
space d, communicating with two vertical channels leading to the outer air, thus providing ventila- 
tion. The outlets of the channels can be opened and closed at will. The Russians also often 
employ regular cellars, as shown in Fig. 1293. The structure consists of two storeys, covered with a 


1293. 



bed of earth, each furnished with a floor of hurdles or open planking, on which the beets are piled 
to the depth of about 1 yd. Lateral passages facilitate ventilation, and openings in the roof permit 
the heated air to escape. The cost of erecting these cellars is heavy, but there is great saving of 
labour in storing the beets, as it suffices to simply pile them up on the floors. Moreover, the 
arrangement permits the examination of the contents beyond the indications of a thermometer ; and 
enables any portion to be removed, even during snowy weather. 

Diseases and Enemies . — The insects injurious to beet are principally three, — the beet carrion- 
beetle, the beet-fly, and the silver-Y moth. The beet carrion-beetle {Silpha opaca) gnaws away the 
leaves till the fibres alone remain, but the roots escape. The egg is commonly laid in putrid 
matter. The attacks of the grub last from about the 3rd week in May to the end of June ; no 
damage seems to be done by the summer brood of beetles. Remedies are : — (1) sprinkling the 
plants with a mixture of 1 bush, gas-lime, 1 bush, quick-lime, 6 lb. sulphur, and 10 lb. soot, made 
into a fine powder, and applied while the dew is on the leaf, this quantity sufficing for about 
2 acres ; (2) the substitution of superphosphate of lime for farmyard dung ; (3) the application of 
dung, when used, in the autumn instead of the spring. 

The beet- or mangold-fly {Anthomyia betm) damages the crops by the attacks of its voracious 
legless maggots, which feed on the pulp of the leaves, and reduce them to a diy skin. Their worst 
effects are seen on peat and fen lauds, and in wet seasons. A dressing of superphosphate seems to 
be effectual. 

The silver-Y moth {Plusia gamma), extending from Abyssinia to Greenland, and met with in 
China, Siberia, and N. America, occasionally does great damage to the Continental beet-crops, 
while in the caterpillar state. The latter are large, and consume the leaves rapidly. Dustings of 
caustic lime, soot, or salt, and drenchings of liquid manure or simple water, are beneficial. 

Extbaction. Purchase. — In the beet-sugar industry, the manufacturer very seldom grows the 
whole of the beet that he works up, though be almost invariably raises a considerable proportion. 
The basis upon which the manufacturer purchases from the grower is a matter of importance to 
both. It is the interest of the manufacturer to base payment upon the quantity of sugar delivered 
in the roots. To buy and sell on the weight of roots is unfair to both, taking no account of the 
quality of the article, and removing all inducement to grow the most highly saccharine kinds. To 
make an average analysis of a crop, would be very inconvenient ; but as the juice is denser according 
as it is richer in sugar and poorer in other salts, it has been customary to base the value on this, 
taking for foundation a sp. gr. of 1'055 (7-27° B.), called 5'5 degrees, and raising the price 
proportionally above that figure. It has likewise been suggested that the price should be subject 
to a corresponding reduction for juice below 5'5, but this is generally deemed unfair to the grower, 
as only arising through unpropitious seasons and other causes not within his control. 
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The “SociAe Centrale de rAgriculttire du Pas-de-CalaU” proposes the following scale: — 


Den^y. 

Sugar Yield. 

Price. 

Per 1000 Kilo. 

Per Ton. 

sp. gr. 

. per cent. 

ft. 

8. d. 

1045 

8 

16 


10.=i0 

9 

18 

14 6 

1055 

10 

20 

16 2 

1-060 

11 

21 

17 0 

1-065 

12 

22 

17 10 


An objection to this scale is that the progressive valne is not geometrically increased with the 
greater richness, whereas the yield of sugar is known to be augmented disproportionately in rich 
juice. Thus, to produce 100 lb. of sugar will require: 1333 lb. of beetroot at 12 J per cent ; 1593 
at 11; 2213 at 9. In other words, while 620 lb. are needed to compensate for the difference 
between 9 and 11, only 260 are necessary to counterbalance that between 11 and 12^. 

When the roots are delivered at the factory, after having been deprived of leaves, rootlets, and 
necks (the portion growing above ground), they are weighed, and a “ tare ” is deducted for earth, 
badly-trimmed necks, and other useless matters. This is the point at which the manufacturers’ 
and cultivators’ interests clash; in Germany, this weight is also the basis of taxation of the 
industry. When the crop is paid for according to the density of the juice, a certain number of 
roots are selected as a sample, their pulp is rasped up, and the juice is expressed and tested by a 
hydrometer. Several instruments have been devised for rapidly dealing with sufficient roots for 
this purpose, the most important being those of Possoz, Violette, and Thomas. 

Transport. — The transport of the roots from the fields to the factory may be performed by rail, 
road, or river, where such facilities exist ; but the rope-tramway system presents many advantages, 
as it abstracts nothing from the land under cultivation, is very cheap, and can be moved about as 
circumstances require. The labour, cost, and diflSculty of conveying enormous quantities of roots 
to the factory, where the juice is to be utilized and the pulp returned, have drawn attention to 
means of transporting the juice alone, which has been independently extracted on the farm pro- 
ducing the beet. A few years since, Linard, of Cambray, introduced a plan of sending the juice 
to a central factory by means of an underground system of piping, which is gaining favour in 
France and Belgium. A single factory is thus enabled to work up what would otherwise have to 
be distributed among several faotoiies. effecting at the same time great economy .of transport, fuel, 
plant, and labour. The juice, obtained by any of the methods to be described later, is received in 
gauge-tanks, treated with 1 per cent, of lime, and pumped into the cast-iron subterranean conduit, 
capable of withstanding a pressure of 15 atmos., and of a diameter (varying with the distance) of 
2i-5 in. The juice is received at the centnd factory in large store-tanks. There is no apparent 
effect upon the pipes after several years’ constant use. The set at Cambray takes the juice 
produced by 10,250 acres of beet. 

Cleansing the Boots.— The first step towards extracting the juice from the roots is to free the 
latter from foreign matters. With this object, the roots are conveyed to a room capable of containing 
2-3 days’ supply. The damage done to machinery by the presence of stones has led to the intro- 
duction of “ stoning-machines.” The stoner invented by Collas, of Dixmude, and made by Lecointe 
et Villette, is shown in Figs. 1294-5. The tank a is divided into two compartments by partitions 
6 c, forming between them a right angle, the vertical one h constituting a strainer at its upper part, 
and the horizontal one c occupr ing only about f of the length of the box, fixed at a certain distance 
above the bottom, and having a circular central orifice. Therein is placed a horizontal screw d 
with 4 arms, similar to those used in navigation. A horizontal grating is provided in the compart- 
ment m on the left, in prolongation of the horizontal partition on the right, and an inclined grating e 
in that (n) on the right, above the vertical partition. The apparatus being filled with water, and 
the screw set in motion by the bevel-wheels /, a circulatory movement is communicated to the 
water, which rises in the compartment m, passes above tlie strainer, and, traversing the inclined 
grating e, returns to the compartment n, and again comes under the influence of the screw. If 
beets are thrown into this rapid current in the compartment m, the stones rest on the grating or 
faU to the bottom, while the roots, by virtue of their relatively small sp. gr., are taken up by the 
current of water on to the inclined grating e, and tossed out of the machine by a little drum g armed 
with sloping flanges A, and driven by cog-wheels ». A trap-door k allows the vessel to be emptied 
of dirty water, and of the mud and stones which collect on the bottom. A vertical panel I of sheet 
iron, placed above the compartment m, prevents the beets falling directly on the inclined deliverv- 
grating, and protects the driving-gear from splashings of water. The machine is already employ^ 
in several factories, being generally placed after the washer, and performing a second washing 
which is especially valuable when the diffusion process is adopted. 
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The washer. Figs. 1296-7, consists of a perforated sheet-iron cylinder a, revolving on its axis in 
a tank of water b. In front of the tank, is bolted a hopper c, into which the beets fall ; behind is a 
strainer. The cylinder leaves a space of only about i in. at each end of the tank, that the roots 
may not get wedged in. The washed roots are thrown out by a helical grating d placed at the end 

1294. 1295. 




opposite to the hopper. The rounded bottom of the tank is inclined towards an opening, by which 
the dirt and rootlets can be discharged. Another form of washer, shown in Fig. 1298, is designed to 
overcome tlie disadvantage manifested by the preceding, in requiring frequent stoppages while the 
water is being changed. It consists of an archimedean screw working in a trough. The beets 


1296. 1297. 



are fed in at a, and are carried by the screw against a descending stream of water in the direction 
indicated by the arrow, escaping at b perfectly clean. 

The processes described thus far are of universal application : the stoning and washing of the 
roots are needful preliminary operations, whatever mode of extracting the juice may be adopted. 
Here the parallel ends, and it is necessary to classify the succeeding methods of manipulation. 
They may be grouped under the following heads: — (a) Rasping and Pressing, (6) Maceration, 
(c) Diffusion. 

Rasping and Pressing . — The principles which govern this process are essentially mechanical. 
The aim of the operations is to first comminute the root so as to effect the rupture of the greatest 
possible number of cells, and then to separate the liberated but still absorbed juice from the solid 
matters by means of pressure, whether of a press or of a centrifugal hydro-extractor. 

Raspers. — Machines for reducing beets to a pulp are of multitudinous forms, and it would be 
impracticable to describe all of them. They universally consist of a revolving drum armed with 
teeth, and differ mainly in having the dentition external in some cases and internal in otjiers. The 
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parte from the juice ; whereas the pulp and juice of the beet have a strong tendency to combine, and 
the roller-surface must therefore be permeable only by the juice. In Poizot et Druelle’s press, the 
pulp passes between two cylinders, carried by endless cloths.' The object is to unite the best 
features of the hydraulic press. To this end, a fir»t gentle pressing is produced against the first 
cylinder by the elasticity of the principal cloth on which it is borne. Then, encountering a series 
of 4 little rollers, performing the functions of the preparatory press, it is next seized between the 
second and first cylinders, and deprived of the maximum quantity of juice. The press has been 
much improved since it first appeared. Manuel et Socin’s press, made by Cail et Cie., has an 
ingenious modification by which the hair-cloth carrying the pulp is kept of a constant width. Each 
press, worked by one man, will treat the pulp of 1375-1570 cwt. of beet per diem, requiring scarcely 
1 H.P. The juice, filtered through the hair-cloth, is free from pulp. The cost of manipulation is 
about id. per ton of root ; the yield is 26-28 per cent, of pulp. The juice can only be perfectly 
extracted by a second pressing. To effect this, two first-pressure presses are used for one second- 
pressure. The pulp falls from the first into the trough of a screw, where it is mixed with a large 
quantity of water. Between the second and third presses, is another screw, which raises the 
softened pulp to the third press for a second pressing. The whole operaticn only occupies 25-30 
seconds. The juice of the second pressing is used instead of water in the raspers, as the rapidity 
of the work prevents it undergoing any change, so that the juices are sent to the carbonization 
stage almost at the degree of density which they possessed while in the root, and the pulp retains 
but little sugar. Champonnois’ press is composed of two permeable rollers partially immersed in 
a cast-iron tank, forming a watertight joint with their bases and with the portion emerging at 
the surface. The pulp can only escape between the rollers. A pump conveys the pulp leaving 
the raspers, and forces it into the tank under a pressure of 1-2 atmos. The juice passes out 
between the rollers, while the exhausted pulp is raked away by two knives, which seize it imme- 
diately at the exit, and falls by its own weight in front of the press, inclined for the purpose at 45°. 
The cylinders are driven in opposite directions. The filtering surface is formed by spiral Windings 
of a triangular thread, the spaces being determined at 0-004-0-008 in. In this way, is product 
a filter-surface having narrow openings on the outside and widening inwards. On leaving the 
press, the juice is received by a sieve, which prevents the loose pulp from mixing with the juice. 
The press has been further improved in the hands of Call et Cie., and is now one of the most 
perfect and least costly in the market. LebeVs press is also composed of ts\o filter-cylinders, in 
appearance somewliat resembling Champonnois’, but essentially different in construction. It is 
formed of a series of portions of filtering surface, screwed on side by side, and enveloping the 
cylinder; each portion consists of 10 little strips of copper, curved longitudinally, soldered at the 
ends, and separated by intervals of 0-004-0 -008 in. Tliis press allows the filter-surface to be 
changed more easily than in the Champonnois press, without removing the cylinders ; but it is not 
so simple. Cuvelier’s press, constructed by Lobbedez, has been at work for some years at Louez, 
near Arras, and gives 28-30 per cent, of pulp retainiug very little sugar. Pie'ron’s system has been 
adopted at the Montigny factory : the preparatory press treats nearly 2000 tons of beetroot per 
24 hours ; the ordinary first press, nearly 800 tons ; and the second press, over 1500 tons. Sutficient 
has now been said to illustrate the principles and essential features of continuous presses for 
separating the juice from the pulp of mashed beets. Examples might be multiplied almost 
indefinitely. 

Depulpers. — The term “ depulpers ” has been applied to a class of apparatus rendered necessary 
by the inability of the ordinary filters to completely remove the fine pulpy matters from the juice. 
They are really nothing more than effective mechanical filters. That of Loynes, made by the Cie. 
de Fives- Lille, is largely used in other industries besides beet-sugar making. Those of Mariolles 
and Mesnard are constructed by Cail. 

Centrifugals. — Centrifugal hydro-extracting machines, which are described under Cane-sugar 
and Refining, have been tried for separating beet-juice from the pulp of the grated roots. In 
practice, however, they are incapable of extracting more than 60-65 per cent, of the juice under the 
m(»t favourable conditions, and consequently they are not superior to hydraulic presses. Their 
use in this sphere is virtually a thing of the past. 

Maceration . — The shortcoming of the expression processes gave an impetus to experiment in 
other directions, and notably with regard to the dissolving and displacing powers of water when 
applied to the pulp. One of the earliest plans based upon these principles was the maceration 
system of Sehutzenbach, illustrated in section in Fig. 1301. The essential parts consist of round 
sheet-iron vessels a, the bottom 6 of each being made sloping towards one side, where the liquid 
can be completely drawn off by taps c. If the tap c is closed, the liquid rises in the tube d, and 
flows thence by a lateral pipe into a second similar vessel placed at a lower level. Above the 
bottom 6, is a false bottom e, furnished with a metallic strainer, which retains the solid pulp while 
the juice escapes. At the top, in /, is a second similar strainer, formed in two pieces, and easily 
removable. The vertical bars g suspended from e are for breaking up the pulp, and preventing 
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its making a simple rotation, under the inflnence of the mechanical agitator h, attached to the 
axis *, and actuated by the bevel-wheels k I. The same axis carries cleaning-brushes m, which 
keep the orifices of the upper grating clear for the passage of air and water ; and a similar set 
perform the same fimction for the lower strainer. In working, each vessel receives at first a little 
juice (except at starting, when the juice is replaced by water) ; the pulp is then introduced, the 
agitator being meantime kept in motion, or the densest pulp would fall to the bottom, and soon 
choke the strainer. The speed of the agitator must be carefully regulated : too rapid movement 
would create a large quantity of froth ; too slow would reduce the rapidity of the maceration, and 
therefore the effective capacity of 
the apparatus. A speed of 20-24 
turns a minute would seem to give 
the best results. Later, when the 
juice is partly expressed, the agi- 
tator may be left at rest ; the ligne- 
ous portion of the cells, being lighter 
than the water, remains on the sur- 
face, and has no longer a tendency 
to choke the metallic diaphragm. 

Unfortunately, whatever precau- 
tions are taken, a large proportion 
of pulp always finds its way through 
the strainer, and these solid matters 
render the defecation more difficult 
and imperfect, in consequence of the 
large quantities of scum to which 
they give rise. This inconvenience 
is partially remedied by passing the 
juice, on its exit from the macera- 
tion battery, and before defecation, 
into another vessel, whose strainers 
serve to detain some of the ligneous 
matters held by the juice. With 
the same object, it is well not 
to reduce the root to too fine a 
pulp ; but it is necessary to avoid 
extremes in either direction, as a 
too coarse pulp will not be com- 
pletely exhausted, and will thus cause a loss of sugar. The process is only suitable for use where 
fuel is abundant and cheap, in consequence of the very large quantity of water added, amounting 
in all to 3-4 times the weight of the root. It is therefore more applicable to rich than to poor 
juice. The cost of erection is moderate. Thus, for a factory taking 50 tons daily, the outlay would 
be Kasping-machine, 180/. ; macerating-battery complete, 600/.; press, 200/.; steam-engine, 
8 H.P,, 200/. ; total, 1180/. Tlie expenses attending the extraction of the juice would be: — 6000 
tons of beet at 19«., 5700/. ; transport and washing, 160/. ; interest at 10 per cent., 180/. ; repairs, 
strainers, brushes, &c., 120/. ; wages of 24 workmen, 134/. ; washing the cloths, &c., 14/. ; fuel for 
the steam-engine, 105 tons of coal. 150/.; fuel to evaporate 35 per cent, of water, 420 tons coal, 
605/. ; total, 7063/. The yield is 89 per cent, of juice, or 5034 tons in the season. The cost price 
is therefore 31s. a ton. 

L. WalkhofTs “ mixed method ” of extraction is illustrated in Fig. 1302. Its most essential part 
is the filter-press or swinging vat A, resting by the axles b on cast-iron supports a ; it can be turned 
round on its axis, and thus completely emptied. One or both of the axles 6 are hollow, and 
furnished with a stnfifing-box, so that water can circulate in the interior of the axles, whatever the 
position of the vessel. A tap d regulates the delivery of water from a reservoir tc, which may be 
10-30 ft. above the apparatus. The water admitted by the hollow axles b passes by the pipe e into 
a perforated worm, whence it escapes beneath the double false bottom/. Thus its level is raised 
slowly and uniformly. At g, is a cover pierced with holes, forming a diaphragm, provided with a 
handle, and resting in the interior of the vessel upon circular bearers, where it is held by screws. 
To prevent the water passing directly along the sides, the double false bottom is fixed to a T-iron 
rim riveted to the vessel. The large-bore tap n is for letting out the water rapidly when the juice 
is displaced. At the top of A, is a tap to for outflow of juice. 

Once the vesseb A are full, the metallic strainer / is placed on the pulp, and the cover g is 
adjusted. The tap d is then opened, so that the water occupies 12-20 minutes in filling the vessel 
A. The water enters at the bottom ; as it rises, it displaces the juice in the pulp, mixing more or 
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less with it. The liquid thus approach^ the tap m, and escapes at about the normal density of the 
juice. The workman soon learns the correct adjustment of the tap d necessary to give the proper 
duration to the operation. Tlie pulp, being lighter than the water, rises as a scum up to the 
strainer I, but is there retained, so that the liquid escapes quite clear. The usual length of opera- 
tion required is 20 minutes. The diameter of the vessels A should not exceed about 28 in. With 


nos 




this size, the pulp of about 8 tons of beet can be worked in a day of 24 hours, or say 6 vessels for 
50 tons per diem. Tliis system has been very largely adopted in continental Europe, on aoeount of 
its good working results. The appended table exhibits its capabilities in comparison with other 
modes : — 


Ordinary presses 

Simple presses, with 50 to 00 per cent.) 

of water added in the rasper . . . . / 

Kuhne aud Bbkelmann’s double presi 

Schlickeysen’s process 

Walkhoff 8 “ mixed method” .. 


i i 

j Yield of Juice. 1 

Yield of Pulp 
at nuiform 
dryne.ss. 

per cent. , 

per cent. 1 

80 

20 1 

i 84 

16 

i 87 

13 

8Sj 

Hi 

; 92 

8 ; 


More recently, Walkhoff has introduced modifications tending to reduce the labour. His 
principle is to reduce about 70-80 per cent, of the juice by a preliminary treatment, of the simplest 
IKissiblo character, for which many meclianical appliances already exist. Tho pulp coming from 
this treatment is thrown at a into tho apparatus shown in Fig. 1303. Thence it passes under a great 
number of blades, wliich divide it into small fragments, and thus it reaches the large drum 6 in a 
uniform and continuous stream, there to be still further comminuted by the edges c, and delivered 
to the juice-extractor. This latter, called a “ revolving filter,” is provided with puddles, and 
resembles a water-wheel. This revolves slowly, and causes the pulp to circulate in opposition to 
a current of water entering at c. The completely exhausted pulp is discharged at and falls into 
the gutter A, whence it is conveyed to store. The whole apparatus rests by its a.\is n on a support 
171, and is actuated by tho wheels and pulley shown. The tap o serves as an outlet for the water 
from the apparatus. The water, entering in the desired quantity at e, passes successively into each 
compartment, and escapes at / as concentrated juice. The apparatus is very simple, and effects 
the complete extraction of the sugar, without adding more than 5 per cent, of water on the weight of 
beetroot. 

Many other plans, depending more or less upon maceration, have been proposed, such as 
Pclletau’s, Eoichenbaoh’s, Hallette et Boucherie’s, Martin ct Champonnois’, SchiskofFs, Eobert’s 
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Schntzenbacb’s, Ac., bnt they do not possess any valnable feature entitling them to notice. Tbe 
preceding systems are those most generally and successfully applied. A comparison of tbe r^nlts 
of the foregoing processes, in tabular form, is given on the authority of Walkhotf : for 120 days’ 
work and 6000 tons of beet, the production of juice requires : — 



In Labour 


In Fuel ; 




t 







•5 

k 




Processes. 

II 

From the 
Rasping to the 
Defecation. 

t 

5 ! US 

II 

bM 1 o 5 -S 

6 i * 

1 

X 

CC 

k. 

X 

1 

a 

X . 

J 

0 

! ^ 

' 

: 2 S'x 

! I'S t 

Si 

4 3 

Ik a 

0 5 
c. 




Total 
No. of 
Days. 

*** . 




li 


C S 

l*er 

Shift. 

In tons of 
English Coal. 

to S 

o 

o 

< 

k 3 

0 

! 






1 

£ 

£ 


' s. d. 


Simple expression . . 

3360 

28 

6720* 118-8 1 .. 

1340 

288 

80 

j28 0 

,, 

Kxpressiou with second^ 
rasping of the pulp . . / 

3360 

1 

35 

8400* 145-2! 240 

1540 

300 

87 

27 9 

20 

E.vpression with the I 

' 

1 






! 


ch.irging-tables adopted > 

3360 

14 , 

3360* 118-8 .. 

1200 

288 

80 

127 6 

, , 

at Smela in 1862 .. | 




, 





Centrifugals 

: 3360 

10 

2400 

237-6 360 

1450 

120 

88 

27 0 

30 

Schutzenbach's macera-) 

3360 

12 i 

2880 

105-6 420 

1140 

120 

89 

31 0 


W alkhoff s method 

3360 

20 ; 

4800* 130-2 125 

540t 

272 

89J 

' 36 0 

8-12 


• Not including the washing of tie sacks. f Plus the presses, 

X This method givts up to 94 per cent, of juice, and the figure stated is the absolute minimum. 


I>iffusion . — The processes hitherto described for extracting the juice from the beet have 
depended for success upon the more or less complete rupture of the cells containing the juice- 
“Diffusion” differs from them essentially, in dispensing with the bieaking-up of the cells. The 
constituents of beet-j uice may 
be classed under two dis- 
tinct groups: (a) “crystal- 
loid,” including the sugar 
and other “ salts ” capable of 
assnming a crystalline form ; 

(6) “ colloid ” (glue-like), em- 
bracing the gummy or muci- 
laginons matters not capable 
of crystallization. The two 
classes are distinguished by 
a physical fact which forms 
the basis of all modifications 
of the diffusion system, — the 
difference which they mani- 
fest with regard to the power 
of passing through moist 
water - tight membranes. 

Bodies belonging to series 
(a), dissolved in water, pass 
through most animal and 
vegetable membranes (gut, 
parchment, plant-cells, parchment-paper), when there is water on the other side ; tliose of series (6) 
are not possessed of that property. This method of separation is termed “ dialysis ” “osmosis ’’ 
or “ diffusion,” and the membrane is called a “ septum ” or “ dialyzer.” The dead cell-walls of the 
plant itself form an excellent dialyzer; therefore, by cutting the root into convenient slices and 
soaking these in water, tlie crystalloids (including the sugar) pass through the cells into the sur 
rounding water, whUe the colloids mostly remain in the cells. Thus the juice is at once more or 
.ess purified, and is at the same time less contaminated with vegetable debris resulting from the 
mechanical breaking-up of the root. ® 

If slices of beet are placed in a vessel with about the same quantity of water, the following changes 
take place. The water forces its way througl. the cellular membranes into the sugar-cells disnlacL 
a portion of the saccharine solution, which passes out, thereby diminishing the sp gr of the iuiiS 
left in the cells, and increasing that of the water outside ; this interchange continues tiU the liquid 




BEET-SUGAB. 


1843 


in the vessel has attained the same sp. gr. as that in the cells : the di£^on is then complete. 
Supposing the juice in the cells to be at sp. gr. 1'0435 (equal to 12 per cent, by saccharometer), 
and the surrounding water I’OOOO, when the diffusion is complete, the water will be sp. gr. 1‘0237 
(equal to 6 per cent, by saccharometer), and the now diluted juice in the cells the same. Conse- 
quently complete exhaustion can only be accomplished by fractional diffusion, i. e. by substituting 

1304. 1305. 


for the liquid obtained another of less 
sp. gr., and this replacing of the more 
saturated liquid by a less saturated one 
must be continued until the desired 
degree of exhaustion is reached. 

The first step in the process is to 
cut the roots into thin slices, great im- 
portance attaching to their thickness 
being uniform. The machine in com- 
mon use, invented in 1850 for slicing 
beets for the hot maceration process, is 
shown in Fig. 1304. The cleaned roots 
fall into the hopper i, and encounter a 
plate a which turns horizontally, and 
carries 3 series of steel blades arranged 
at right angles. The roots are thus divided into rectangular prisms of varying length, without 
suffering any crushing or pressure. The slices fall into the space c, and escape at d. With li 
H.P., this machine is 
said to slice 100 tons of 
beet per 24 hours. By 
using two feed-hoppers, 
the eflect is doubled. 

For diffusion, the slices 
are about in. thick 
and in. wide. The 
cutting disc is furnished 
with knife-edges, as 
shown in Fig. 1305. 

In Bobert’s diffusion 
process, the ribbon-like 
slices of beet are con- 
ducted to large closed 
vessels, mixed with the 
heated juice from a 
previous operation, and 
exhausted with cold 
water. The diluted 
juice is first heated to 
75°-90° (167°-194° F.), 
so that the mixture 
assumes a mean tempe- 
rature of 50° (122° F.), 
which is considered 
essential to success. 

Uispliicement of the 

juice is performed by a flow of cold water throughout the whole battery (of 5 to 8 vessels), arranged 
as in Figs. 1306 and 1307. The cylinders are furnished at top with manholes e for the introduction 
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of the Blices. Near the bottom, a hinged door / permits the exhausted elicea to fall upon an endless 
web, which conveys them away. In the interior of the cylinder, is a case c pierced with holes, which 
prevents the pipes being obstructed by solid particles. The pipes a e put the vessels into com- 
munication with the reheating boilers, while the conduits e g and c maintain the circulation in 
the various cylinders of 
the battery. The steam- 
pipe 0 furnished with a 
cluck serves fur the in- 
troduction of steam to the 
several vessels. Pipes d 
bring the water necessary 
to the operation, while the 
rich liquor passes away 
by / to the defecating- 
boilers. 

Each vessel receives 

tons of slices, occupy- 
ing a space of about 132 
cub. ft. The vessels are 
not filled until the juice 
or the diffusion-water, as 
the case may be, has a 
temperature of 87°-97° 

(189°-207° F.). The 
vessel is ^ filled with this 
hot liquid, and then the 
slices are fed in tlirough e 
from trucks holding about i ton. 
run in at top, so that when the charging of the slices is completed, the vessel is full of juice. The 
proportions of juice and pulp entering the vessel should be carefully adjusted. Whilst charging, it 
is well to mix up the juice and pulp so that no part shall bo left imperfectly exhausted, and the 
liquids shall have uniform circulation. As the contents of 6 or 7 trucks are needed to fill the vessel, 
and as the discharging of each occupies about 4 minutes, the whole charging re<iuires nearly half 
an hour. The vessel once full, the cover e is closed, and the matters are left for about 20 minutes. 
At this moment, the pressure of the column of water from the tanks above the factory is brought 
to bear upon the nearly exhausted pulp in the last vessel. As this vessel communicates with the 
7 others forming the battery, the pressure can be conveyed to them all ; the juice is thus displaced 
from the cylinder filled with fresh pulp, and proceeds while still hot to the defecating -boilers. In 
practice, each vessel furnishes two full boilers of juice, varying in density according to the duration 
and the number of vessels (5, 7, and even 10). Generally, the density fluctuates between 4° and 
7° B., so that the juice is mixed with about 40 per cent, of water on the weight of beet. 

The estimated cost of establishing a factory on the diffusion system to work 50 tons a day, 
according to Walkhoff, is : — 1 slicing-machine, 1441. ; 10 cast-iron diffusors, weighing 1 ton each, 
2881. : 50 cast-iron valves, 180/. ; 20 traps, 52/. ; 30 elbow-pipes, 13/. ; 15 straight pipes, 22/. ; GOO 
screws, &c., 14/. ; 3 trucks, weighing 6 cwt., 50/. ; total, 763/. The cost of extracting 100 parts of 
juice may be calculated thus ; — 6000 tons of beetroot, 5760/. ; transport and cleaning, 161/. ; interest 
and insurance at 10 per cent., 76/. ; 15 workmen per shift, or 30 per diem, 173/. ; removal of tlie 
residues (60 to 70 per cent, of tlie weight of beet), 4 workmen, 46/. ; repairs, sharpening knives, &c., 
58/. : residue-press, interest, repairs, &c., 50/. ; fuel for 8-H.P. steam-engine, 88 tons of coal, 127/. ; 
evaporation of 40 per cent, of water, requiring 480 tons of coal, 691/. ; total, 7142/. The product is 
90 per cent, of juice at the initial density, or, on 6000 tons of root, 5400 tons of juice. The 
juice, therefore, costs about 26s. 5Jd. a ton ; thus diffusion presents no advantage in this respect 
over the best systems of maceration. 

A novel arrangement of diffusiorr apparatus, constructed by the Prager Maschinenbau Co., 
is shown in Fig. 1308. It is designed to take a maximum of 250 tons of beet per diem of 24 hours. 
This quantity is worked in Bohemia, where the juices are very dilute ; if, instead of having juice 
at 3° B., it is desired to have it at 4° B., not more than 100 tons would be treated, at a sugar loss 
of 0-2 per cent, on the pulp. Four workmen suffice for the daily labour. In effect, the apparatus 
is rotary. The 9 diffusors a of which it is composed, having the form of inverted truncated cones, 
are borne in a circle on a wheeled table b. The motive power giving the rotation is ingeniously 
applied, and does not exceed 1 H.P. A complete turn is made in | hour. The slicing-machine 
(cou^e-racines) e is placed above on a special stage, and supplies the slices to each diffusor by means of 
an articulated funnel, formed of movable segments, so that its mouth can follow the slow rotary • 
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moTements of the ditfusor which it is filling, until the quantity suffices. The axis of rotation of the 
apparatus is composed of two concentric cast-iron conduits, one conveying the water, the other the 

steam. Between each two diffusors, is a vertical cast-iron cylindrical ^ 

juice-reheater. Each diffusor being furnished with a reheater, the * T e 

temperature can be regulated at convenience, three taps sufficing n | f * \ 

for each apparatus. All these taps are placed in the centre of the \ • ^ 

system, at the height of the upper mouth of the diffusor. A stage | 

fixed here allows a man to stand in the midst ; another stage is ^ -i , ^ 

placed at the same height for the workman who opens and r~^l 

shuts the diffusors, and for the one who directs the funnel. ^ 

The diffusors are closed at _ \ j 

top by a heavy cover, rest- ' \ I 

i^bbeMube“ tTu?fo™“ng a' 

hermetic joint, steam being ^ E El rm ) ! l { ’ "C ¥ Jm 

admitted into the tube, so O/ O/ \ Oy 

that it never flattens. The 

outlet of the diffusors is a «S J si 

lateral door c opening from ■! 1 

above ; a trough is provided \ I \ j 

for the reception of the ex- ^ j \ I 

hausted slices. The juice | i_ j|l / 1 D , 

is let out by taps d below 

the ground. A perforated ^ 

sheet-iron plate forming a 5||i|? 6 ^ \ !\\ 

false bottom prevents the I] H ' u 

slices from mingling with lilil -'uu — 

the juice, when the tap is . ' 

opened and the outlet-vessel >■ 

is completely emptied of 

«. . . iv-»N;«''s\s.v5NSs\','5 

slices. A workman opens 




the lower doors each time a 
diffusor passes before the 
trough for the slices. A 
fourth workman is occupied 
at the slicing-machines. The 
advantages claimed for this 
system are as follows Easy 
charging of the diffusors, the 
slices passing direct from 
the slicing-machines, whence 
arises great economy of 
labour ; the discharge of the 
exhausted slices takes place 
always at the same point; 
the duration of the diffusion, 
being regulated by the speed 
given to the apparatus, is 
always the same, and not at 
the discretion of the work- 
men; there is great saving 
in the construction, the 
pipe system being central 
and necessarily short. 

Numerous other modifi- 
cations are being from time 
to time introduced. For 
instance, compressed air is 
employed instead of water- 
pressure for effecting the final 



exit of the juice, so that the first diffusor, at the moment of emptying, contains only fairly dry slices. 
The exhausted slices derived from the diffusors form a valuable cattle-food. But, as gqperally 
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diacharged, they aie too wet for immediate use, and require to be passed tbrongh a preas for the 
lemoTal of the excess moisture. This is commonly performed in the Kluzemaiiu press, shown in 
Fig. 1309. It is composed of a screw working in a conical space, which squeezes the pulp till it 
contains no more than the desirable quantity of water. The objection to this press is that it breaks 
up the slices. Skoda, of Pilsen, Bohemia, makes a continuous press, which avoids this disintegra- 
tion of tiie exhausted slices. It consists of two eccentric cylinders placed one within the other, 
of different diameters, moving in the same direction and at the same peripheric speed. A screw 
causes the wet slices to fall into the interior of the larger cylinder, and they are carried by the 
general movement into the limited apace between the outer surface of the small cylinder and the 
inner surface of the large one, and which is regulated by a double iron ring fixed on the inside of 
the large cylinder. This machine easily presses in the 21 hours the exhausted slices from 150-175 
tons of beet, reduced to 40—15 per cent, of the original weight. The motive power required is about 
lJ-2 H.P. The price of the machine is about 2801. 

Defecation of the Juice , — The average composition of freshly-extracted beet-juice is approxi- 
mately as follows : — 

In 100 parts of juice. 


Sugar. 

Diffosion. 1 

Sugar. 

Expression. 

1 

Potash, Soda. 
Silica. Lime, and' 
Magnesia. 

Organic 

Substances. 

Weight of 
Solid Matters. 

1 Potash, Soda, 
[Silica, Lime, and 
Magnesia. 

1 Organic 

1 Subeutnees. 

Weight of 
Solid Matters. 

9-138 j 0-507 

1 

1-288 

11-65 

11-25 

j 0-671 1*467 ; 15*658 

i 


In 100 parts of dry substances. 


62-203 j 

4-958 

13-565 

1 

19-274 ! 

59-419 

1 4-952 

14-973 


Defecation by Lime and Carbonic Acid. — This impure juice can be clarified to some extent by 
simple boiling, as the albuminous (nitrogenous) constituents coagulate in the same way as those of 
cane-juice, and form a supernatant scum ; but the coagulation is very imperfect. The addition of 
slaked lime greatly facilitates the aggregation of impurities, by the formation of insoluble lime 
compounds; but a coincident effect is the prevention of the coagulation of the albuminous matters, 
which remain in solution till partially destroyed by boiling in the presence of the alkali. The 
part played by the lime is very complex, and not clearly made out, but it seems to displace many 
of the bases in combination with sulphuric, oxalic, and other acids, forming insoluble compounds 
with those acids, and further destroys some of the albuminous matters, as evidenced by the disen- 
gagement of ammonia when the temperature is raised. The convenience and cheapness of lime as 
a defecator are obvious. Its use underwent many modifications till 1849, when carbonic acid wsm 
proposed for neutralizing the excess of lime. In this direction, successive steps were made by 
Kousseau, Maumene, Pe'rier et Possoz, Cad, Frey, and Jenileck, and the process, termed “ double 
carbonatiou ” (doable carbonatation), has come into almost universal use. 

The method of carrying it into practice is as follows : — (1) Put lime into the juice as soon as 
possible, even into the mixture of juice and pulp, by introducing milk of lime into the rasper, or a 
weak solution of sucrate of lime, which, under proper conditions, does not appreciably alter the 
value of the pulp as a cattle-food. (2) Let the contact of lime and j nice be sufficiently long, such as 
when preserving juice in cisterns, in the store-tanks at the exit from the rasping, or when trans- 
mitting it through the Llnard pipe system (p. 1836) ; thus the free acids which would alter the 
su<'ar are saturated, and a very satisfactory cold defecation is obtained. (3) Introduce the turbid 
juices into the flrst-carbonation vessels, described further on, then adding J to ^^=0^ of lime 
in the state of milk of lime. (4) Pass carbonic acid gas in the cold up to about the middle of the 
carbonation ; then gently admit steam to warm the juice ; the supply of carbonic acid is stopped 
when the juice does not contain more than yjfoo of lime. (5) Turn the steam on full till the 
temperature reaches 90° (194° F.), to throw up the scum ; allow to rest, and decant. (6) Transfer 
the clear juice to the second-carbonation boilers, add to xoSu of lime, and heat to boiling, 
in order to destroy the nitrogenous matters not eliminated by the first carbonation. (7) Pass 
carbonic acid till the lime is completely saturated. (8) Give a rapid boiling, allow to settle, and 
decant. 

In the double carbonation process, the purification is effected in two ways. The carbonic acid, 
in uniting with the lime in the midst of the juice, forms carbonate of lime, which, on precipitating, 
carries>with it a large quantity of organic matters. The scums of the first carbonation are thus 
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veiy dark. The supply of carbonic acid is stopped when its farther action would redissolve the 
colouring matters. In the second carbonation, the lime-boUing destroys the matters which resist 
the first carbonation. The excess of lime is finally removed by carbonic acid. 

The apparatus and its manipulation may be described as follows. At the exit from the presses 
and the dififusors, the juice is received either directly into the carbonation-boilers, or into a tank 
communicating with a pump or monte-jus, for filling the carbonators placed at a higher level. The 
monte-jus, pumps, and defecating- and clarifying-boilers will be found described under the section 
on Cane-sugar. The carbonating-boilers are of various forms, composed essentially of large 
rectangular tanks (Figs. 1310, 1311), generally of 
greater depth than width. Around their circum- 
ference, passes a steam-worm c of large diameter, 
to rapidly heat the mass of liquor. At the bottom 
of the tank, runs a pipe a, which separates into 
two branches, or takes the form of the tank. This 
pipe is pierced beneath with small holes, whose 
total area is less than the section of the pipe ; at 
the end, it rUes in front of the boiler, and bears a 
tap M within the operator’s reach. It then con- 
ducts to the carbonic acid source, and serves for 
introducing this gas into the liquor. The bottom 
of the boiler is inclined towards the front, and 
has in the lowest part a large plug d, or a tap for 
rapidly drawing off the liquid. Thermometers are 
attached for ascertaining the temperature. The 
boilers are the same for the first and second car- 
bonation, except that the first produces a tena- 
cious scum which must be beaten down. This is 
effected in two ways: either by furnishing the 
boilers with ledges, and a cover provided with a 
long chimney, when the scum stops at a small 
height in this pipe ; or by placing at the top of 
the boiler, throughout its whole length, perpen- 
dicularly to the side where the workman stands, 
and on each side, two pipes of small diameter 
pierced laterally with little holes, through which 
steam is passed at high pressure. The escaping 
steam blows the scum back into the boiler. This 
latter apparatus, termed “ Evrard’s skimmer,” 
works well, but requires much steam. 

Below each carbonatiug-tank, is placed a 
decantation- vessel, generally of the same form and 
dimensions, into which the liquid flows when let out of the carbonators by the plug. These 
decantation-vessels, whose floor is also Inclined and furnished with a plug, have in front an 
external tap, connected inwardly with a flexible tube provided with a float which maintains the 
mouth of the tube at the clear surface of the liquor. When the turbid carbonated juice has been 
run into these vessels, it is allowed to settle and clarify itself, and is then decanted. The clear 
juice is received in a conduit which conveys it to the second carbonation, or to the filtration. 
When the float reaches the deposit, the workman closes the tap, opens the plug, and lets out the 
semi-solid mass into a trough connected with the filter-presses (p. 1818). In some works, the 
decantation-vessels are dispensed with, the ojierations being conducted in the carbonator. 

The lime and carbonic acid employed in the operations are usually made at the factory. With 
this object, a large continuous lime-kiln. Fig. 1312, is built near. The gases escaping from the 
calcination of the limestone contain 25-30 per cent, of carbonic acid gas ; they are drawn away from 
the exit of the kiln by the suction of a large pump, whose speed is regulated according to tlie state 
of the kiln. This pump forces the gas into the general pipe serving all the carbonators, which 
pipe is furnished with a safety-valve. Between the kiln and the pump, the gas traverses a 
“ washer, ” a vertical cylinder with perforated trays, entering at the bottom by a perforated pipe, 
and escaping at the top by the pipe /, while a stream of water, conveyed by the pipe p, falls in 
showers over the trays and comes into contact with the ascending gas. According to the richness 
of the gas, the kiln is regulated : it is thus necessary to make frequent tests of the gas. One of the 
most convenient instruments for this purpose is that of Wigner and Harland. The lime to be used 
in defecating is first slaked in special tanks furnished with agitators. It is then diluted with 
snflScient water, carefully strained, and constitutes a milk of lime having a density of 20°-J5° B. 


1310. 
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Treatment of the Lime Scams. — The scums collected in the lime defecation prooeM contain, in 
the firesh state, sugar, numerous nitrogenous matters, and other fertilizing elements. Plioque, 
working upon scums having the composition : 


Water 52‘70 per cent. Organic matter .. .. 9'24 per cent. 

Sugar 3 "50 „ Phosphates 4 ‘77 ,, 

Nitrogenous matter . . .. 3*72 „ Lime, silica, iron, &c. .. 26'07 „ 

obtained the following products, estimated on the dry weight : — 

Animal black 50'0 per cent. I Alcohol at 85° 2'0 per cent 

Lime 35 • 5 „ | Sulphate of ammonia 1 • 0-2 ■ 0 „ 


The excess of moisture is removed from the “ green ” scums by the use of filter-presses. The 
scums of the two carbonations are collected in the same cistern, fitted with two monte-jus. The 
escape-pipes firom 
these monte-jus re- 
unite into one, so 
that though the 
monte-jus are used 
alternately, there 
is no fluctuation 
in the supply of 
scum to the fil- 
ter-presses. The 
systems most 
largely used are 
those of Trinks, 
and Durieux et 
Eoettger. 

Trinks’ press. 

Fig. 1313, is com- 
posed of a series 
of cloth bags, held 
against metallic plates pierced 
with holes. The monte-jus forces 
the dirty liquid into these bags ; 
the juice runs away clear, while 
each bag flUs with the solid 
scum, which is strongly com- 
pressed by the steam in the 
monte-jus. When the bags are 
full, the juice no longer escapes ; 
then, to remove the superfluous 
moisture from the scum, steam 
alone is forced in. The steam 
condenses and washes the scum, 
dissolving the last traces of 
sugar, and yielding a slightly 
saccharine liquor. The action 
of the steam is continued until, 
having forced a passage, it 
escapes at the lower part of the 
apparatus. Steam is then shut 
off, and the operation is con- 
cluded. To enable the bags to 
be opened easily, they are 
formed of two quadrangular 
cloths put together, the four 
borders of which are pinched, 
two and two, between wronght- 
or cast-iron frames, presenting an opening only for the passage of the scum and steam. The 
frame, and consequently the set of cloths forming bags, are separated by metallic plates, 
which permit the juices to escape ; these juices run along the plates, and collect in a gutter closed 
by a tap, with screws to regulate the speed of the outlet, and even to suspend the working of a cloth 
when it js torn for instance, without stopping the whole press. 
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Farinanx’s press is composed of plates analogons to those of Trinkg, In the npper part of the 
frames are two bearers, on which is screwed a wrought-iron stirrup. A horizontal traverse is 
&stened to one side of the fixed frame, and passes through all the stirrups, supporting the frames. 
The advantages claimed for it are that it is easy to adjust all the frames to the same height, 
and that the dismounting and replacing of the frames is much easier. According to another plan 
of Farinaux’s, the working of the press is rendered largely mechanical, so that one labourer out of 
two is dispensed with. The bags sire made of sail^;loth, and last 24-30 days, while those of jute 
endure only 5-8 days. 

Durioux et Eoettger’s press is shown in Figs. 1314 and 1315, Numerous other forms might be 
specified, but their efiect is practically the same. 

1316. 



1314. 




Ammonium phosphate Process. — A process was invented some years ago by Lagrange, chemist 
at the refinery of Guions, Paris, for separating the calcium and magnesium salts, with which beet- 
sugar is especially liable to be contaminated (see analyses p. 1846). The object of the process 
is to throw down the calcium and magnesium as tribasic phosphates, by the addition of tribasic 
ammonium phosphate, (NH,) SPO^, to the syrup. Much, sometimes nearly the whole, of these 
earthy salts, exists as sulphates, though portions are usually chlorides or nitrates. The salts of the 
earthy bases retard the crystallization of the sugar, with varying effect according to the particular 
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and coloaring matters. The symp is next passed through a Taylor filter, to separate the pre- 
cipitate; if the operation has been properly conducted, the syrup should contain some free 
ammonia, and just a trifiing excess of the ammonium triphosphate, but no earthy bases nor 
sulphuric acid. The syrup is now fit to be boiled and crystallized. 

For some time after this process had been devised by Lagrange, it was impossible to procure 
ammonium triphosphate at reasonable prices, the only mode of manufacture being the production 
(1) of neutral ammonium phosphate, by saturating pure syrupy phosphoric acid with ammonia, so 
as to form a highly saturated solution of the salt, and (2) then adding one more equivalent of 
ammonia, so as to throw down ammonium triphosphate, which latter salt is only soluble in weak 
aqueous ammonia to the extent of about 6 per cent. F. Maxwell-Lyte, however, introduced a 
method of producing pure ammonium triphosphate from the acid calcium phosphate afforded by 
natural phosphates, which at once reduced the price of ammonium triphosphate from 2s. Gd. to 8d. 
a lb., and thus placed the salt within easy reach of the sugar-makers. Onions, who employed the 
process in their refinery, state that, besides affording an additional 5-10 per cent, of crystallized 
sugar, they are enabled to work with far less animal-black (char). The process is equally adapted 
to the defecation of raw beet-syrups, and was thus worked for some time by Daniel, near 
Compiegne. 

Filtration through Animal-black . — The defecated and carbonated juice has in a great measure lost 
Its alkaline character, having been deprived of the greater part of the dissolved lime by means of 
the carbonic acid. There is, however, stilt some lime to be removed, as well as a considerable 
quantity of gummy and albuminous substances. These, and the colouring matter which gives a 
brown tint to the juice, are in a large degree eliminated by passing the juice through animal-black 
(char, animal charcoal). Tliis is done by taking the juice from the carbonating-pan into an iron 
cistern, and there heating it nearly to the boiling-point, afterwards passing it through vessels filled 
with granulated animal charcoal. Tlie juice finds its way through this gradually to the bottom ; 
and runs out while a fresh supply is poured in at the top. The charcoal has a considerable 
power of absorbing bodies such as dextrine, and with long time and hot liquor, the .action is 
intensified, and the purification is materially great. This juice to be sent through tiie charcoal 
filters is a turbid sticky mass; it is elevated either by a pump or a monte-jus into a cistern 
situated above the series of filters. After the filtration, the juice is in tlie condition known 
as “ thin ” ; it is nearly colourless, and is largely freed from lime, and from gummy and 
albuminous bodies which escaped the action of the lime. In this state, it passes to the concen- 
trating system. 



The filters used are of two kinds. The older sort, known as “ Dumont filters,” consist of cast- 
iron cylinders, 6-12 ft. high, and 3 ft. or more diam., open at top, furnished with a false bottom 
covered with cloth, as well as a man-hole at the level of the false bottom. The cylinder is filled 
with black, and the juice is run in at top at such a speed that the black remains always covered 
with a thin layer of liquid. A pipe, leading from the -bottom, curves up, in the form of a swan- 
neck, to half-way up the cylinder. 

The other kind, termed “closed filters,” are shown in section in Fig. 1316, and as a battery in 
Fig. 1317. They are 32 in. diam. and 12-16 ft. high; the juice enters by the pipe a h, coming from a 
cistern placed at a higher level, and escapes by a pipe c leaving the bottom, and bent up to the 
summit d of the cylinder. This modification possesses the advantage of effecting the filtration out 
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of reach of air and chills, and enables several filters to be in communication, so as to mnltiply the 
height of charcoal through which the juice passes. When a filter is judged to be no longer 
effective, as seen by the questionable colour of the liquor, the supply of juice is stopped and 
replaced by boiling water, and when the water has dtjven out the saccharine fluid, the tap e is 
opened at the bottom, the liquor is run out, the black is withdrawn at the man-hole /, and the 
filter is washed, and re- 
charged with new black 
over which a current of 
boiling water is passed. 

The filter is then ready 
for use again. 

Washing the Char- 
coal. — The animal 
charcoal used in these 
filters is rarely pre- 
pared in the sugar- 
factory itself ; but usu- 
ally it there imdergoes 
a washing operation, as 
well as a process termed 
“ revivification.” The 
washing is as follows. 

After having been sub- 
jected to fermentation, 
or to a treatment with 
alkali at 100° (212° 

F.), the black is washed 
with water tUl it ceases 
to communicate the 
least turbidity. Nume- 
rous machines have 
been introduced for 
carrying out these con- 
ditions, the main ob- 
jects being to cleanse 
thoroughly, employ a 
minimum of labour, 
and avoid disintegra- 
tion of the black. A 
typical form is Kluze- 
mann’s. Fig. 1318. It 
consists of a chamber 
divided by low parti- 
tions into compart- 
ments d, in which 
slowly revolve arms c 
mounted on shafts 6, 
and terminating in 
flexible iron blades. 

The black falls from 
the hopper a into the 
lowest part of the ma- 
chine ; it is successively 
passed from one com- 
partment to the next 

by the reviving arms each time atteining a higher level, finally reaching the upper end c, whence 
It IS ejected completely washed. The water admitted by tlie pipe / passes in a contrarv direc 
tion through the black, and runs out at g. The machine is cheap and efficient, and washes 
about 15 tons per 24 hours. 

Schreiber, of St. Quentin, has introduced a novel form of washer, in which the black is nlaced 
in cont^t with a stream of water by means of its own sp. gr., without the intervention of anv 
mechani<»l apphance to cause its disintegration. The machine consists of a horizontal air ti-ht 
cylinder, -6 ft. long, and 28 in. diam., turning in external supports by moans of toothed wh^Is 
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engaging in toothed rings on the cylinder ; in the interior of the cylinder, are two paddles or 
curves, and it is prolonged by a cylindrical part of less diameter. The pipe conveying water enters 
the cylinder at the axis of this smaller part. The black enters at the other end. In the centre of 
the cylinder, revolves an endless screw, which catches up the black ; and an annular space is left 
throughout the cylinder for the passage of the water. During the rotation of the cylinder, the 
black is continually lifted by the paddles by the simple act of rotation, and at the same time 
a certain quantity of .water is taken up, and fiills back into the same bath with the black. In this 
movement, the grains of black traverse the water, and the washing is effected without shock or 
injury. The paddles are so inclined, that the black entering atone end is propelled along one side 
to the other end, returning in the same manner along the other side, and escaping finally at the 
end where it entered. The machine is spoken of in the highest terms. 

Revivification. — By “ revivification ” of the eharcoal, is meant the separation from it of those 
saccharine and other matters which it absorbs in the filtering process, thus rendering it fit for 
re-use. With this object, it is fermented to destroy the organic matters ; washed with acid, with 
hot water, with cold water, and with steam ; dried ; and finally calcined in furnaces of very various 
construction. These all consist essentially of a system of cast-iron or earthenware pipes, heated 
to dull-redness, and closed at bottom by a method permitting the black to be withdrawn without 
admitting air, which would immediately cause the combustion of the red-hot carbon. This last 
condition is the one difficulty, and each maker strives to overcome it in a particular way. 

Sohreiber’s kiln, shown in section in Fig. 1319, consists of a drier, vertical undulating pipes for 
the calcination, and inclined cooling-tubes terminating in boxes for regulating the discharge of the 
tubes. It is surrounded with masonry. On each aide of the fire a, are placed the rows of cast-iron 
undulating pipes ft, each composed of three pieces, fitting one within another. They are prolonged 
downwards by flat cast-iron tubes c, serving to cool the black, and forming an angle of 45° with 
the vertical pipes h. At the top, are similar undulating pipes d, with lateral openings forming 
Venetian blinds in front, and crowned by a hopper e for holding the supply of black for the kiln. 
This forms the automatic drier. The undulating pipes 6 serving for the revivification are plated 
inside and out with slabs of fire-brick ; these protect the iron from the fire, and regulate the trans- 
mission of heat, preventing the temperature exceeding 375°-450° (707°-842° F.), beyond which the 
black might bo vitrified. The black is collected in the hopper e above ; thence it descends into 
the driers d, enters the reviviflers 6 at about 90° (194° F.), and, when the operation is complete, 
escapes by the refrigerating-tubes c. A fire of coke or other fuel being lit in the furnace n, the 
flame spreads throughout the whole space of the fire-chamber / included between the two series of 
fire-slab coated tubes 6 and an arch at top, passes downwards, divides into two chambers right and 
left, heats the backs of the tubes, and again rises into a single flue passing through the drier d. 
The kiln is easy to build and manage, and turns out a black of superior quality. 

issc. 



The Ruelle kiln, Fig. 1320, has several advantages, and differs from most others in its general 
arrangement. It consists as usual of a series of cast-iron revivifying- and cooling-tubes. The 
wliolo of these arc arranged in a bunch centred around a vertical axis, and suffer a slow, circular 
automatic movement of 2 rev. per hour, within a cylindrical furnace flanked by a lateral Ere. The 
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black is fed in a thin stream at the upper part of the kiln, and traverses the tabes, which are in 
tom presented to the fire, so that they are successively brought to a dull-red heat, thus ensuring 
regularity in the roasting, and avoiding those excesses of temperature which are always to bo 
feared with fixed tubes. The rotary movement enables the discharge to be made automaticalty ; 
each time a pipe reaches a certain point it meets a cam, which opens the outlet. A little elevator 
carries away the black as fast as discharged. The waste heat from the furnace circulates beneath 
a platform for performing the preliminary desiccation. This form of kiln is much used. 

The Blaize Min possesses a most interesting feature in the novel method of manipulating the 
revivifying-pipes with regard to the escape of the gases and watery vapour during the heating. 
The black, ^ter washing and vaporising, still retains some internal humidity, which can only be 
driven off by calcination. If the Min is charged with too-wet black, this forms a plug at the top 
of the tube, preventing the escape of the vapour, which is then forced throughout the column of 
red-hot black; the latter is thereby decomposed, the carbon is calcined, and the combustible gases 
escape at the first opening which presents itself, usually between the joints of the pipes, dislodging 
them, to the deterioration of the Min, the formation of white char, and the general interruption of 
the process. Ordinarily these evils are avoided by drying the black as strongly as possible before 
pntting it into the tnbes ; the moisture then remaining can force a passage between the grains. 
In the Blaize kiln, the liberation of the vapours is facilitated in the following manner, The heads 
of the tubes are furnished with a transverse iron bar, composed of two sections, united by a 
simple covering of sheet iron, and supporting in the axis of the tube another pipe of smaller 
diameter, made of wrought iron, pierced with slots throughout its whole length, and which, pene- 
trating the mass of black to its hottest part, favours the ready escape of the vapours, and 
conducts them to the chimney. The black reaches the tnbes in a dry state, as it previonsly passes 
through the drier, — a chamber traversed by a large number of metallic tubes, through which 
travel all the combustion-gases, and which can be cleaned by opening the end ; there is a trap for 
discharging the drier. The black has to nndergo many changes of position before reaching the 
floor, thus ensuring its complete desiccation. 

The second important feature in the Blaize Min, is the construction of the tubes, which are of 
enamelled fireware. Cast-iron tnbes wear out rapidly, and unenamelled fireware tubes produce 
white char, by reason of their great .porosity, which allows air to pass. The enamelled tubes do 
not suffer from the heat of the Min, as the enamel is put on at a white-red heat, such as is never 
attained in the black-kiln. Broken tubes can be readily mended by a special composition, and 
thus rendered as good as new. Moreover earthenware tubes afford a much superior black to iron 
ones. The construction of the Min is very simple, and obviates the use of arches, which never 
withstand fire well. The upper bed and the second floor are formed of square blocks of fireware, 
through the centre of which pass the tubes. The tubes support the blocks, so that the expansion 
is uniform, and does not damage the kiln. Broken tubes or blocks can be removed and replaced 
without pulling the Min about The second floor rests upon the cooling-tubes, which are of 
cast iron, and furnished at bottom with traps and drawers, facilitating the discharge of a set 
every 20 minutes. 

Other forms of revivifying-Mln are described under Refining. 

Concentration of the Syrup . — The next operation is the concentration of the “ thin ” juice, the 
removal from it of the excess of water, so that the liquid may become sufiBciently dense, or 
saturated with sugar, to enable the latter to crystallize out. 

Principles. — While the primary object of concentration is to get rid of useless water and form a 
solid material, the purification of that material by mere crystallization must not be overlooked. 
By this act, the particles leave in solution those bodies which are present in too small proportion 
to admit of their crystallizing out, as well as those incapable of crystallizing. The crystals, 
freed from their mother-liquor, are considerably purer than the original solution from which they 
have formed. Crystallization is the property which many bodies (including true sugar) possess of 
assuming a definite solid form out of a saturated solution when cooled : it is based upon the 
power of water to hold these bodies in solution in a degree varying with the temperature, this 
power (in most instances) increasing with the temperature. Thus if a gallon of hot water is made 
to dissolve as much sugar as it is capable of holding in solution at the temperature exhibited, and 
this “ saturated solution ” is cooled, the decreasing solvent power of the water compels the sugar to 
separate from it in crystals. These crystals are a coiflbination of sugar and water : but the water 
is chemically combined, and cannot be driven off without decomposing the sugar ; consequently 
this “ water of crystallization ” is regarded as an integral part of the substance, and the crystals 
are looked upon as pure bodies. Their size depends partly upon the conditions under which they 
are formed, these conditions being chiefly the duration of the operation, the bulk of water present, 
and the agitation or quiescence of the liquor. 

In concentrating sugar-liquor to a saturated solution, it is necessary to bear in mind the changes 
which sugjir suffers when subjected to heat. First it melts; then, if the heating be continued 
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slowly and regularly, it parts mth sncoessiTe molecnles of water, becoming converted into a 
number of nncrystallizable non-saccharine bodies, and ultimately into “ caramel,” a dark-brown 
substance used for colouring porter and other liquids (see pp. 598-9). This conversion takes place 
in concentrated solutions, as well as in the dry state. As evaporation proceeds, the mass thickens, 
and the difficulty of equalizing its temperature increases, with consequent liability of certain 
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portions becoming transformed into caramel. Another change which is constantly proceeding in 
the liquor is the inversion of crystallizable sugar into nncrystallizable. This is caused by pre- 
existing uncrystallizable sugar, acids, and mineral salts, and is favoured by exposure to air and 
heat. The consequence of these changes is “molasses,” — an artificial product, composed of 
uncrystallizable sugars, and coloured by caramel. The value of molasses being far below that of 
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gagar, the prevention of its formation is one of thu chi6f aims of modem improvements in sogar* 
making plant. 

The difScnlty of boiling dense liquids is well known. The canse of this difficulty is the 
lessened ability of the vapourized water to overcome the pressure of the atmosphere, normally 
amounting to about 15 lb. a sq. in. By relieving the liquid of tliis pressure, the “ boiling ” (i.e. the 
driving-off the watery vapour) can be effected at far lower temjjeratures, reducing the consumption 
of fuel, and lessening the danger of burning the liquor. To apply these principles to the con- 
centration of sugar-syrnpa, the various forms of vacuum-pan have been introduced, in all of which 
the boiling proceeds in vacuo. 

The first step with beet-syrup is to boil the watery liquor in a “ double-effect ’’ or “ triple- 
effect” apparatus till it marks 25° B., then known as “thick juice.” It next goes to a cistern 
where it is heated to boiling, and is again filtered through animal charcoal, by which more 
colouring matter is removed, as well as some albuminons bodies that are more readily absorbed 
from dense than thin liquors. After this second filtration, the juice is brilliant, transparent, 
and almost colourless, but still contains much water. This is finally removed by boiling in 
vacuo. 

In the matter of concentration, the treatment of beet-sugar and cane-sugar arc precisely similar ; 
but there are a few variations in the apparatus, the forms employed in the cane-sugar industry 
being largely of English manufacture, while those used in beet-sugar factories are essentially 
Continental. 

The vacuum-pan and its accessories are shown in elevation and plan in Figs. 1321 and 1322. 
The pan a is mounted on a cast-iron framing, carried by 8 cast-iron columns. Boarding or iron 
plates form a staging round the pan. The pan is fitted with thermometer f>, vacnum-g.'iugo c, sight- 
glasses d, proof-stick e for extracting samples of sugar, slide / for discharging sugar, cock j 
to admit steam to clean out the pan, and arm-pipe and receiver A to catch any sugar that 
may boil over. The receiver is fitted with delivery-cock and air-cock for destroying the 
vacuum when necessary. The condenser « is fitted with a perf rated pipe and stop-cock, a 
lever, and an index-plate, to regulate the supply of water for condensing the vapour from the pau ; 
/ is the measure for regulating the supply of syrup, fitted with stop-cock and inlet-pipe from the 
flltered-juice tank, a glass gauge to indicate the quantity of syrup, an outlet-pipe with stop-cock 
opening into the pan, and an air-pipe having a cock communicating with the pan for forming a 
vacuum in the measure, i is a valve for the supply of steam from the expansion-vessel to the 
worm of the pan ; I, a pipe for carrying off condensed water from the steam-coil of the pan to the 
oondense-box m, which communicates by a pipe with a brick tank from which the feed-water is 
supplied to the boiler; n, air-valve mounted on the air-main, for regulating the communication 
between the air-pump and the pan ; o, dividing-box for distributing the flow of air from the pan 
to the air-pmups; p, two 16-in. air-pumps, 1 ft. 9 in. stioke; q, 10-H.P. high-pressure beam- 
engine fitted on diagonal frames, with 11-in. cylinder, 3 ft. 6 in. stroke, and 12-ft. diam. fly-wheel 
with 6-in. elliptic rim, 4-in. plunger feed-pump, stop-cock, clack-box, copper air-vessel, and feed- 
water supply-pipe r to a Cornish boiler ; s, pipes 
for supply of steam to the engine and pan through 
the expansion-vessel ; t, sluice-cock for regulating 
the supply of steam to the mercurial regulating- 
valve «, by which the supply of steam is regulated 
to the expansion-vessel v, fitted with a whistle- 
valve and safety-valve, to prevent excess of pres- 
sure in the worm of the pan ; the steam passes 
from the expansion-vessel through the pipe w to 
the steam-valve A, which regulates its admisssion 
to the pan. 

The pan is shown in section in Fig. 1323. The 
copper pan a is fitted in a cast-iron steam-case A, 
with steam-space left between, and is surmounted 
by a copper dome c. The copper and iron pans 
and the dome are bolted together through their 
flanges with a wrought-iron ring and bolts so as 
to be air- and steam-tight throughout. A man-hole 
d, with a ground gun-metal cover, is attached 
to the top of the dome, from which proceeds the arm-pipe opening into the receiver A. A steam- 
valve A opens into the copper steam-worm y. This worm gradually diminishes in diameter from 
the entrance-point at the steam-valve to the exit at the bottom of the pan. A wrought-iron 
pipe X is fitted into the cast-iron pan 6, to carry off the water from the steam-case ; the slide-valve 
z at the bottom of the pan is for discharging the sugar. The dome of the p in is mounted with a 
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Taonnm-gange, thermometer, “ sight-glass,” and “ proof-stick ” for testing the concentration of the 
liquor. 

The proof-stick (Pig. 1324) is simply a brass or gun-metal tube, which is driven from the upper 
part of the side of the vacuum-pan down an aperture made of the same size as the rod. When it 
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reaches the bottom, the tube is twisted half round by the cross-handle, and opens a communication 
between the end of the tube and the syrup. In the end of the tube is a groove, into which the 
syrup enters ; the handle is half-turned again, the tube is drawn out, and the entrance is closed as 
before. The liquor can thus be examined without destroying the vacuum in the pan. The sight- 
glass is shown in Fig. 1325 : a, gun-metal rings ; 5, vacuum- 

pan : c, leaden ring ; rf, f-in. bolt ; e, glass plate. Figs. 1325 . 

1326, 1327 show a side-view and plan underneath of a slide. 

It consists of a gun-metal cup and slide a, and wrought-iron 
lever-bar 6, fitted with bearings, and of the form and dimen- 
sions shown. 

Curing. — The sticky mass of impure sugar-crystals ob- 
tained from the vacuum-pan has to undergo treatment which 
will separate the crystals in a pure white state. The old 

methods of drainage are described under the head of Cane-sugar ; in the beet-sugar industry, 
centrifugal machines are now exclusively employed for the first operation ; their principles and 
construction ate detailed under Cane-sugar and Refining. 

First, Second, and Third Sugars. — The centrifugal charged with the dirty crystalline mass is 
made to revolve rapidly till the colour has changed to reddish, when, without stopping the rotation, 
a small quantity of 
clairce (pure syrup at 
30° B.) is poured in ; 
the result of this is a 
clear-yellow tint in the 
whole mass, where- 
upon dry steam is in- 
jected, and soon the 
sugar becomes per- 
fectly white. This is 
termed sugar of pre- 
mier jet (“first throw- 
ing”). About f of 
the total sugar re- 
coverable in a crystal- 
line form is thus ob- 
tained. Tlie liquid 
flowing away, contain- 
ing the remaining f 

of crystallizable sugar, besides the uncrystallizable, is run into large tanks, reheated, filtered 
through animal charcoal, boiled to a stringy consistency, and stored in cisterns during the whole 
period while the first sugars are being cured. It is then passed through centrifugals, either 
alone, or with the addition of a little pure syrup, and thus affords a certain quantity of second 
sugars. The molasses drained off in the centrifugals is stored in immense tanka in a room heated 
to 40° (104° F.), termed the mile des einplis (“ filling room ”). At the end of a year or so, this 
molasses is put through a centrifugal, and yields third sugars, with which are crystallized large 
proportions of saline impurities. 

yields.— The results ordinarily obtained in making beet-sugar are : — 100 lb. of beet afford 10 lb. 
of raw (uncured) first sugar, which loses 50 per cent, of its weight in the centrifugal, thus leaving 
5 lb. of first sugars. The flowings from the first sugars yield 88i per cent, of raw second sugars, 
which, after curing, furnish 37J per cent, of their weight of second sugars, or IJ lb. on the 100 lb. 
of beetroot. The curing of the second sugars gives a very variable quantity of molasses, which 
renders up 19-20 per cent, of its weight of sugar, or about J lb. of third sugars on the 100 lb. of 
beetroot. The molasses proper contains 50 per cent, of sugar, and as it amounts to 3 percent, of 
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the beet, it carries away 1} Ib. of sngar on the 100 lb. of beet, bringing the total yield of sugar 
to 8i per cent., out of the 10 per cent, originally contained in the roots, the IJ per cent, difference 
representing losses during manufacture. Thus, 100 lb. of beetroot give : — 


First sugars 5 "00 lb. 

Second I’oO „ 

Third „ 0-50 „ 

Molasses I'oO ., 

Losses : sngar in the pulp 0 • 50 „ 

„ „ scums 0'35 „ 

„ lost inrthe filters, &c O'oO „ 

Miscellaueons 0-00 „ 


Total 


10-00 


Thus the average yield of crystalline sngar from the beet is 7 lb. on the 100 lb. of root, or of 
what the root contains ; while the final molasses takes away as much sugar (which is lost so far as 
its sugar is concerued) as is represented by the actual yield of second sugars. 

The Molasses . — The average composition of final beet-molasses is .-—Sugar, 50 per cent. ; non- 
saccharine matters, 30 ; water, 20. Of the 30 parts non-saccharine matters, 10 are inorganic 
substances, principally potash ; the other 20 parts are organic bodies, various acids united to the 
potash and other bases, compounds derived from the decomposition of the albumen (pectose), 
“ betaine,” and many other substances which have not yet been istdated. These 30 parts of non- 
saccharine matter contain 5 J per cent, of potash, and 1 - 8-2 - 0 per cent, of nitrogen in combination. 
The annual production of final beet-molasses in continental Europe is estimated at 250,000 tons, 
representing 125,000 tons of sugar, 13,750 tons of potash, and 1505-5000 tuns of nitrogen. 

Until recently, the recovery of the 50 per cent. (125,000 tons) of sngar has not been attempted. 
The ordinary methods of utilizing the molasses have been (1) to convert the sugar present into 
alcohol by fermentation (see pp. 203-4), and (2) then to carbonize the residuary matters after the 
distillation of the spirit, and operate upon the ash to obtain the salts, principally carbonate of 
potash (see pp. 257-9). Some 12,000 tons of potash were extracted from beet-molasses in this way, 
in 1875, in 18 factories situate in France, Germany, Belgium, and Austro-Hungary. These modes 
of utilizing the molasses are not the most rational, inasmuch as alcohol can be produced much 
more cheaply and advantageously from starch. Several methods have been proposed for extract- 
ing the sugar contained in the molasses. The most important of these are Dubrunfaut’s 
“osmosis” process, largely adopted in Russia, Germany, Belgium, and France; Scheibler’s 
“ elution ” process, renowned in Germany ; and various plans devised by Seyferth, Manoury, and 
others. 

Osmosis. — The osmosis process is based on the same principles as the diffusion method for 
extracting beet- and cane-juices (see pp. 1842-5), tlio salts contained in the molasses diffusing 
much more rapidly through a porous diaphragm than sugar. The difference of time is, however, 
insufficient to enable direct separation to be made. At the commencement of the operation, the 
membrane is traversed by much salts and little sugar, whilst later on, the reverse takes place ; the 
operation is, therefore, interrupted when a part of the salts is extracted, so enabling a part of 
the sugar to be crystallized by evaporation. The second molasses separated from the crystals is 
of the same composition as the first; this is again diffused, and the operation is repeated until 
the product is too impure to be worked further. The process is inexpensive, but it causes a loss 
of nitrogenous matters and potash salts, and it is difficult in some cases to get rid of the washings, 
which are apt to contain deleterious matters. 

The “ osmogene ” employed in the process is shown in Figs. 1328 and 1.329. It consists of two 
chambers, separated by a suitable diaphragm. One chamber contains molasses, while the other 
is filled with ordinary water, the two being parted by a septum of parchment-paper. Each com- 
partment is a wooden frame 39 in. wide, 26 in. deep, and about J in. thick ; 4 wooden stays 
divide the interior of the frame into 5 compartments, communicating by openings. On each face 
of the frame, are fitted leaves of parchment-paper, held up by thin cords. The molasses, entering 
at the bottom, rises in a serpentine into the 5 compartments of the frame, and escapes at the top. 
A second similar frame, filled with water, is placed in juxtaposition to the first, so that the same 
sheet of parchment-paper serves to separate the two frames, and consequently the two liquids. 
This constitutes one “ element ” (couple} : several such placed in rotation form the complete 
osmogene. Circulation is established by channels in the frames, one at the left, below, com- 
municating only with the molasses frames, the other, above on the right, for the circulation of 
water. The frames are screwed together by long bolts; they usually number 50, sometimes 100. 
To change the tapes, the screws are undone, and the frames laid on a table. The molasses enters 
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at a temperature of 60°-75° (140°-167° F.), and the water at 85° (185° F.); the density of 
the molasses is reduced from 41° B. to 30° or 25° B. It might be still farther lowered, with 
correspouding cost in evaporation. 

A modification of the osmogene, introduced by Lilpop, Ran, and Lowenstein, of Warsaw, takes 
the form of Trinks’ filter-press. The frames, to the number of 51, rest by means of projections 
upon two horizontal arms, and are screwed together. The discharge of the apparatus and change 
of liquids is facilitated by arranging the whole to rotate on its axis. 

Elution. — In this process, the sugar of the molasses is converted into tribasic suerate of lime, 
by mixing the molasses with about a quarter of its weight of lime, when the mass solidifies ; it is 
treated with water, which removes the organic 
matters, while the suerate of lime remains solid. 


This latter is carbonated (like lime juice), and 
gives a syrup of 23° B., containing 33 ‘7 per 
cent, of sugar, and 5 • 7 of impurities. Much 
sugar is lost in the washing-water; it has 
been proposed to remedy this by washing with 
alcohol of 37°, instead of water. The loss is 
then much less, and the exosmosis waters con- 
tain for 100 parts sugar 131 parts of total im- 
purities. The former process is due to Lair et 
Bilange ; the latter has been named “ elution ” 
by Dr. Scheibler. 

Seyferth has modified the elution method 
by using molasses at 43°-44° B. at a tempera- 
ture of 30°-33° (8G°-91i° F.), filtered through 
a perforated plate to remove foreign matters. 
Then 30-40 per cent, of quick lime, — free from 
clay, dry, and very finely powdered, — is made 
into a cream with water, and added to the 
molasses in little vats. The mass heats to 
125° (257° F.); the water evaporates, and 
swells the bulk 3- or 4-fold. At the same 
time, ammonia is disengaged, in the propor- 
tion of 2 '35 parts of steam for O' 008 parts 
of ammonia, per 100 of molasses. During the 
swelling-up, the mass is stirred, to prevent it 
running over. When the operation is finished, 
the whole is cooled. The vat is opened, and 
the cake is broken into fragments the size of 
a nut, without making any powder. These 
fragments are regularly supplied to large 
“ elutors,” having the form of diffusors, 
armuged in a battery, and surmounted by an 
outlet-tube for the displaced air, which tube 
plunges into a sort of condenser for the purpose 
of retaining the alcohol disengaged with the 
gases. Alcohol of 35 per cent, is introduced 
into the elutors from below, and remains for 
12 hours ujrnn the lime mixture. It is then 
drawn off, and rephicod by another charge for 
a further 12 hours. This latter, being but 
slightly charged, serves for the maceration 
of a fresh quantity of lime mixture. The 
suerate is thus treated 5 or 6 times, till at 
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last it is quite white and pure. At this moment, steam is injected into the elutor. The alcohol 
which remained imprisoned in the suerate distils, while the suerate itself is reduced to a paste, and 


can be readily drawn off. 

The elution process is now largely used, and furnishes, in the form of suerate, about 80 per 
cent, of the sugar contained in the molasses. This suerate may most advantageously replace milk 
of lime in the defecation of beet-juice (see pp. 1846-7). Opinions differ as to the relative value of 
osmosis and elution, the question often depending upon local conditions. The balance would 
seem, however, to be in favour of the latter. It necessitates expensive plant ; but presents the 
advantages that, when the spirit is evaporated from the leys, the potash salts and nitrogenous 
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matters are recoverable in a sufficiently concentrated form to be immediately available for 
agricultural purposes. 

Manoury’s ftocess. — ^Manoury has infroduced another method for extracting the sugar from 
the sucrate of lime formed, and has worked it at the Cap«dle Factory, near Dunkerque, with 
complete success. The principle is the same as in the German elution process, but the application 
differs. Into a special mixer, is introduced the molasses with 3 per cent, of lime in the state of 
milk of lime of 20 per cent. The combination there takes place, and the sucrate of lime leaves it 
in a granular condition, cot larger than a pea, and mixed with excess of pulverulent lime. A 
bolter separates the powder, while the grains fall into washers with ahtohol at 40 per cent. There 
tlie sucrate is purified from soluble matters (salts and organic substances), and, from a deep- 
brown, comes out greyish. It contains about 20 per cent, of lime, and, when dissolved in water, 
forms a syrup of 20° B., containing an average of 15 per cent, of sugar for 1-30 per cent, of ash. 
About 100 lb. of molasses give 2.50 lb. of sucrate. The washers being closed, the loss of alcohol, 
including revivification, reaches only 2 per cent, of alcohol at 40 per cent. Tiie cost of making 
the sucrate is placed at Id. per cwt. of molasses. The sucrate is usetl instead of lime for car- 
bonating raw juice. The apparatus is inexpensive, the manipulation is simple, and the alcoholic 
purification of the granular sucrate is very perfect. 

Cane-sugar (Fa.. Sucre de la Canne; Ger., Sohrzucker '). — CuLTTVATlox or the Plaxt. 

The Plant. — The sugar-cane is a kind of gigantic grass, belonging to the genus Saccharum. Most 
botanists ascribe all the sorts of sugar-cane to a single species, Saccharum officin-irum [^Arundo 
sacchariferLi], supposing all the forms now met with to be varieties induced by cultivation. The 
best authorities are not absolutely agreed upon this subject, however; and it is probably impossible 
to arrive at a reliable decision, while the original home of the sugar-cane remains unknown. 

Varieties.— Practical ends are served by a knowledge of the characteristics developed by 
education in the different varieties. Many of these have been raised to the level of distinct 
species ; but it will suffice here to give the names by which they are generally known to planters. 

1. The Bourbon cane, introduced into the W. Indies from Bourbon, came originally from the 
coast of Malabar, there growing as a small-sized, but soft and juicy cane ; affected by the change of 
climate and soil, and cultivation, it so increased in size and richness that it at length entirely 
superseded the old species. 

2. The Otaheite canes are two ; the yellow or straw-coloured, and the purple-striped or ribbon. 
The former and the Bourbon are much alike, if they are not the same variety. With a good soil 
and favourable season, let year’s plants are often 12-14 ft. high, 6 in. in circumference, and with 
joints 8-9 in. apart. Such yield (in Jamaica, Bengal, and the Straits) 2J-3 tons of sugar per acre. 
Tliey attain maturity in 10-12 months, and require a generous soil, and attentive management. 
The purple-striped Otaheite cane is often called the Otaheite ribbon cone, in contradislinction 
to the ribbon cane of Batavia. It is hardy and esteemed, of large size, soft, juicy, and sweet. 

3. Batavian canes are four, viz., the yellow-violet, purple-violet or Java, “transparent” or 

ribbon, and Batavian proper. 'The “ yellow-violet ” differs from the Bourbon in being smaller, less 
juicy, considerably harder, of slower growth, and more erect. When ripe, its rind is thick and pith 
hard ; but its juice is rich and abundant. It grows in inferior soil ; its sugar is of fine qualitv, but 
less in quantity than from the Bourbon. The “ purple- violet,” or large black cane of Java is as 
thick as the Otaheite, with joints 3-7 in. apart, and is 8-10 ft. high. It yields a very sweet 
rich juice, but being very hard, it is difficult to crush, and affords a comparatively small quantity 
of juice. It is very hardy, thriving well in poor dry soils : in Jamaica, it is often planted in the 
outer rows, to stand the brunt of trespassing cattle. Tlie “ transparent,” or ribbon cane, is much 
smaller than the Otaheite ribbon cane. It grows 6-10 ft. high, witli joints 4-8 in. apart, and 4 in. 
in circumference. It is generally planted in light sandy soils, where no other cane will thrive. 
Though its rind is thick, and its general texture hard, yet it yields a good quantity of juice of 
excellent quality. The Batavian cane is common in the Straits of Malacca, where it is cultivated 
by the Malays. The joints are seldom more than 3-6 in. apart. In height, size, and foliage, it 
closely resembles the yellow-violet ; it differs in being softer, more juicy, and less hardy. In a 
rich soil, it is prolific, and ratoons well ; but, on the wliole, it is inferior to the Otaheite, while 
requiring an equally rich soil. ’ 

4. Of E. Indian canes, the large red canes of Assam are very juicy and sweet; their sugar is of 

fine grain and good colour ; they are, moreover, strong in growth, and much less apt to fall over 
than the Otaheite, to which they are equal in size, and in quantity and quality of juice. They 
can be cut in 10 months from being planted. In Lower Bengal (near Calcutta), 'and in the Straits 
of Malacca, a large red cane abounds, which bears a close resemblance to the preceding The fine 
red cane of Bengal is much used about Calcutta ; sugar made from it by the natives shws a grain 
of good size, strength, and brilliancy. The black and yellow Nepal canes are lar-e-sized and fully 
equal in appearance to the Assam. The small-sized canes cultivated in India are very numerous 
the mbst common being the hajlee and pooree. They are very inferior. ^ ^ 
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5. The Chinese cane possesses the advantage of being so hard and solid as to resist the white 
ant and the jackal — two great enemies to E. Indian sugar plantations. It is difiicult to crush with 
tile native mill, but bears drought mucli better than the sorts in general cultivation, producing a 
profitable crop even to the 3rd year, while the common cane of India must be annually renewed- 
It is extremely hardy and prolific : during very hot seasons, it remains uninjured in every respect. 
By September, it reaches 12 ft. in height, 3 in. in circumference, and with joints 6-8 in. apart. 
These, cut in October, may be planted out during a tolerably severe winter. The variety is well 
suited to India, though far inferior to the Otaheite, wherever that cane can be cultivated success- 
fully. It is rarely more than 1-1 J in. diam., but is sweet, and makes fair sugar. The Chinese 
assert that it is better adapted for making sugar-candy than any other cane. This must not be 
confounded with the Chinese cane experimented upon in Deraerara in 1851-5, which was Holcus 
saccharatus (see Sorghum-sugar) ; it gave 3 or 4 crops a 3 ear, but its annual aggregate yield fell 
short of common cane. 

6. The “elephant” cane of Cochin China has been stated to reach a height of 11 ft. and 
diameter of 7 in. in 6 mouths. It is there only cultivated for chewing, but might succeed better 
elsewhere. In a good soil, it requires 2 years to reach 10 ft. in height ; after 5 or 6 years, it may 
reach 16-32 ft. In Mytho, it is cultivated in humid alluvial soils on a considerable scale. It 
possesses a very brittle rind, breaking into small fragments when passed through the mills. 

7. The Straits Settlements grow eight kinds of sugar-cane, foremost among which is the 
Salangore. This is one of the finest canes known, attaining a weight of 25 lb., a length of over 
13 ft., and a diameter of 3 in., under favourable conditions. It “ ratoons ” better than any other 
kind in the Straits, and has been known to yield there 40 piculs (of 133^ lb.) of granulated 
undrained sugar on 1 orlong (li acre) of ground as 3rd ratoons. As “ plant canes,” they have 
given an average of 65 pkuts of granulated sugar from each orlvn j, or 6500 lb. to the acre, some- 
times increasing to 7200 lb. They grow firm and strong, remaining much more erect than the 
Otaheite j and afford abundance of juice, which is sweet, easy of clarification, boils well, and 
produces a very fair sugar of bold and sparkling grain. The Salangore cane has been introduced 
into Brazil aud the British and French W. Indies. Planted at 2 yd. by 2 yd., and properly manured, 
in 5-6 months it forms such a thick vigorous growth as to keep down weeds. The clumps yield 
25-40 canes, thus producing a weight per acre much in excess of ordinary canes. As many as 16 
clumps have been cut from 40 sq. yd., giving a nett weight of over 800 lb., or at the rate of more 
than 80,000 lb. to the acre, while the ordinary canes vary from 20,000 to 60,000 lb. 

8. The S. Pacific Islands produce a number of forms of cane which are strictly local. Cuzent 
enumerates seven kinds in the Society Islands. On the flanks of some of the mountains, two other 
varieties are met with : they are both small. Canes growing in the Pacific Islands are said to 
yield more juice and considerably more crystallizable sugar than the bulk of those raised in our 
Colonies; and the Otaheite [Tahiti] canes cultivated in the W. Indies degenerate in course of 
time, and should be renewed by the importation of fresh stock from the Pacific groups, and 
perhaps New Guinea. Tire Sandwich Islands are accredited with 35-40 distinct varieties. One 
of these, grown on 30 acres of good land under irrigation, gave an average yield jier acre of 12,000 lb. 
(6 hhds.) of No. 16 sugar. It is hardy, and grows freely up to 2000 it. in its native country. 

9. H. Prestoe recently published an official report, describing tlie 14 best Vi. Indian varieties of 
cane, among 32 surviving kinds of a larger number sent from Mauritius; 18 seem to be distinct 
varieties, deserving of culture, as possessing, in one way or other, superiority over the few sorts 
at present in cultivation, and among which the yellow Otaheite takes by far the largest place. 
Some of the new varieties are peculiar for length of joint, and some for length of joint united with 
stoutness. One is remarkable for these combined with very soft tissue. It also bears drought 
well, and is prolific. A richer and moister soil will improve all. Purple and purple-striped canes 
are generally admitted to be preferentially adapted, by their hardihood, to the poorer drier soils ; 
but they have a strength of tissue which gives increased trouble in crushing. There are remarkable 
exceptions, however. There is no leason to doubt that, with selection and nursing, superior and 
fixed qualities can be obtained in sugar-cane, as freely as they have been in beet and other agri- 
cultural crops in Europe and America. 

More recently, particulars have been published of three new varieties, named ‘‘ Caledonian 
Queen,” “ Green Salangore,” and “ Violet Salangore.” The first is close-jointed and extremely 
vigorous, and the ready way in which the length of joint and diameter of cane are aflected by 
manure, indicates great variability of habit, and suggests gigantic growth under the influence of 
rich alluvial soil. The Green Salangore is the freest-growing of all, except the giant Claret cane; 
and its erect habit is even more striking than in that sort. In respect of length of joint aud diameter 
of cane, it is equal to it, thus being the largest yellow cane grown in Trinidad. The foliage is 
completely deciduous, so that “ trashing ” is reduced to a minimum. The Violet Salangore has the 
habit of erect growth most strongly developed, besides being distinctly the longest-jointed and 
tallest, with a full average diameter. , 
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The erect habit in these two Salangores is a character which, considering the influences most 
condncive to a large yield of sugar, is of importance. One of the most commonly observed facts 
on a 8ugar-.estate is that canes grown erect (and therefore enjoying fnll sunlight and air) are 
yellow, and “full of sugar,” whereas canes lying on or near the ground (and thus deprived of light 
and air by their erect companions) are green and deficient in sugar. The erect or decumbent 
posture of the canes is iu a measxure dependent on the soil, and on the kind of culture they are 
treated to, especially when young ; but, under any circumstances, a marked disposition to maintain 
an erect habit of growth is an obvious advantage in respect of the sugar yield. 

With regard to the several varieties already introduced from the East, as well as the three now 
newly brought into notice, there has not been any means for testing their specific habit of growth 
and sugar yield under extended cultivation. 

The planter should make a selection of the two or three best sorts adapted to his estate, and 
not confine his attention to a single kind, however superior its qualities may be, for experience 
has proved that one class of cane, grown for successive seasons over many yi ars, suffers material 
deterioration. The occasional exchange of new varieties therefore becomes imperative, in order to 
secure the maximum results ttiat the land is capable of affording. 

Structure and Development. — The sugar-cane lias a knotty stalk, and at each knot or joint is 
a leaf and an inner joint. The stole or “ stool ” is divided into two parts : the first is formed of 
several (5-7) peculiar joints, placed very near to each other, and having rows of little points at 
their surface, which are elements of roots and are Cidled radicles; the whole forms the primitive 
stole. The joints are likewise endowed with several rows of points, elements of roots, which 
develop themselves when requisite, and form, with the joints whence they issue, the secondary 
stole. The roots issue from the development of the sap-vessels, which are disposed in concentric 
rays round each point, on the surface of the joint. They are very slender, almost cylindrical, 
scarcely ever more than 1 ft. in length, and have a few short fibres at their extremities. 

The number of joints on the stalk or cane proper varies from -10 to 60 (even 80 in Brazilian) ; 
but there are much fewer in the Otaheite, whoso internodes or so-ealled “joints” are 8-9 in. 
long, while the finer specimens of Brazilian are but 2-3 in. Tlie joints vary much in dimensions. 
The knots of the canes are rings a-J in. wide ; 4-5 rows of semi-transparent points occupy their 
circumference, and a circular semi-transparent line divi<les the outer from the inner joint. At the 
upper part of this, is a slight circular hollow, called the “neck,” terminated by the leaf belonging 
to the joint. The inner joint performs the most important function of the plant from an economic 
point of view; in it, the juice, after undergoing various modifications, arrives at the condition 
which gives it its value as a sugar-yiclder. On every joint is a bud, which encloses the germ of a 
new cane. 

The sap- vessels are large, and number more than 1500. The buds always grow alternately on 
the opposite sides of the joints. The semi-transparent ring which forms a line of demarcation 
between the outer and inner joints is the weakest part of the cane, and where it is most apt to 
break. The rind consists of three distinct parts: the rind properly so called, the skin, and the 
epidermis. The rind is formed of sap-vessels, ranged in a parallel direction, on a compact circular 
surface. The skin, whicli is very thin, is at first white and tender ; it becomes green and then 
yellow, as the joint approaclies maturity. The epidermis is a fine and transparent pellicle, which 
covers the skin. 

Under very favourable circumstances, immediately after the first development of the cane- 
joints which form the secondary stole, the bud of the first of these jofnts may throw out its radicle 
roots and form a second filiation on the first ; the bud of the first joint of this * cond filiation also 
sometimes forms a third ; tlie second and third soon become very nearly as forward as the first, 
and, like it, form canes. 

The first joint requires 4-5 months for its entire growth, and, during this time, 15-20 joints 
spring from it in succession. Wlien the leaves of the first two or tliree joints have died away, 
there are then 12-15 leaves at top. In its natural state, the cane has at this stage completed 
its growth, and arrived at the usual perio<l of its flowering; if it blooms, the principle 
of life and generation passes entirely to the development of the parts of fructification. At this 
time, the joints whicli spring fortli are deprived of tlieir bud, and the sap-vessels, with which they 
were supplied, pass into the leaf; whence it happens that, as the number of tliese vessels is con- 
stantly diminishing, the joints in a similar proportion become longer, and their rind thinner. The 
last joint, which is called the “arrow,” is 4-5 ft. long; it is terminated by a panicle of sterile 
flowers 18-20 in. high. If t'.e period of flowering is delayed by cultivation, the principle of life 
passes to the generation of new joints, and this continues till the sap-vessels of the stole become 
woody, and do not afford a passage to the juices. Under cultivation, very few canes flower at all ; 
exi’eptions occur on some soils, when the canes are planted early, and tlieir vigorous growth is 
suddenly checked. 

Rangf The sugar-cane has a wide range, succeeding in almost all tropical and sub-fropioal 
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countries, and reaching an elevation above sea-level amonnting to 4000 ft. in the 8. Pacific, and 
5000-6000 ft. in Mexico and S. America. It is cultivated in many parts of the level country in 
India and China as far as 30° or 31° N. lat. Its exact geographical range may be more 
conveniently studied in the section on Production and Commerce. 

Climate . — The sugar-cane thrives best in a warm moist climate, with moderate intervals of hot dry 
weather, tempered by refreshing sea-breezes. Its most luxurious development occurs on islands 
and sea-coasts, leading to the supposition that the saline particles conveyed to it by the winds are 
beneficial ; but perhaps the exuberance of the plant in such situations is due to the moisture 
which accompanies the sea-breezes, even in the hottest and driest weather. Tlie cane attains its 
greatest perfection within the tropica: cold in any degree opposes its growth and development, 
hence it can be cultivated but little in Europe. A singular change in the nature of the juice 
is occasioned by frost. While the frost continues, the low temperature prevents fermentation 
setting in ; but should a thaw intervene, viscous fermentation takes place, and will prevent the 
crystallization of the juice if subsequently concentrated. In the upper districts of India, frost 
frequently does great harm to the cane crops. Bain at the proper season is equally necessary for 
cane-culture, though it may be to a great extent replaced by irrigation ; but rain when the canes 
are maturing, if in great quantity, may do much mischief. As the canes are approaching maturity, 
2-3 months of hot and fairly dry weather are exceedingly beneficial, bringing the juice to the 
highest degree of sweetness, and assuring a large yield of fine sugar; slight showers at long 
intervals serve to maintain the vigour of the plant without appreciably weakening the juice. In 
the case of vegetation being renewed by rains after a drought, if it occur in a locality where 
frost is not to be feared, it will sometimes be advantageous to leave the canes on the ground much 
later than usual, as the juice will gradually become much richer than it can be immediately after rain. 

Shouhi an alternation of sunshine and rain be followed by long-continued drought, the growth 
of the plants will be checked, and there will be a disposition to arrow. If cut now, the juice will 
be of good- quality, but deficient in quantity, owing to the small size of the canes. When a 
drought sets in only a short time before commencing to reap the crop, the effect is eminently 
beneficial, causing an inspissation of the saccharine contents of the cells by the evaporation of their 
water. But if the drought should continue beyond the time necessary to produce the effects just 
mentioned, the steins assume a red and scorched appearance, and not unfrequently split ; the canes 
then are said to be “burnt.” The juice is reduced in quantity, and its quality is altered. In 
extreme cases, it is strongly acid, but it varies much in this respect. Frost will also cause canes to 
burst. 

Sail . — Decomposed granite in the Straits Settlements affords really desirable laud for sugar 
culture, being well fertilized by a proportion of decayed vegetable matter. In both E. and W. 
Indies, there abounds a kind of soil called “ brick-mould,” which is considered most advantageous 
for sugar-planting. It is a mixture of sand and clay, in such proportions that air and water can 
penetrate to some depth with facility, thus constituting a laa’l which can be worked with ease. 
Its property of retaining moisture, even in the hottest season, is remarkable ; while in heavy rains, 
the water escapes quickly where drains exist. Deep black moulds are less suitable for cane-culture, 
tending to produce exuberant plants, ratlier than a rich and plentiful juice. Some of the very best 
sugar is produced on lunestone soils, though they do not promise great fertility. In the Straits 
Settlements, Demcrara, Louisiana, and other places, it often occurs that lands are strongly im- 
pregnated with saline matter, which causes the cane to grow most luxuriantly, but affects the juice 
(and consequently the sugar made from it) very prejudicially. Where salt is present in the land, 
as from the overflowing of tides, the course to be pursued is, after banking out the tide and pro- 
perly draining, to plant Indian corn, Guinea com, or Guinea grass for 2-3 years, until the saline 
matters have become in a degree exhausted ; canes may then be planted without fear. 

Manuring . — The object of manuring is to supply to the plant those chemical constituents which 
the soil is deficient in. The sugar-grower’s eflbrts must be directed to the production, not of the 
tallest and stoutest canes, but of the greatest possible quantity of crystalhzable sugar. 

Composition of the Oanes. — Before discussing what cane-manures should consist of, it is 
necessary to know the composition of the canes to be grown, and of the soils to grow them. 

'The average composition of a fully-developed sugar-cane is : — 


Water 

Sugar 

Ceilulose 

Albuminous matter .. 
Fatty and colouring matters 
Salts soluble in water 
„ insoluble „ 

Silica 


71-04 ] 
18-02 
9-56 ) 
0-.55 
0-35 j 
0-T> 
0-16 
0-20 


Derived almost 
wholly from 
the air. 


Derived from 
the soil. 


100-00 
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Therefore 1000 tons of cane take np from the soil rather more than 4 tons of mineral ingredients, 
and about 1 ton of nitrogen is required to form their albuminous matter. Manures deal onl j with 
the materials supplied through the soil, except in supplementing the amount of nitrogen. The 
nature and relative proportions of the mineral ingredients are ascertained by analysis of the ash of 
the full-grown entire cane. Much discrepancy exists in the analyses of cane-ash hitherto made, 
which is due in part to variety of soil, different ages of the plants, and omitting the leaves. 

Subjoined are some analyses of cane-ash, by Dr. Stenhouse : — 


Silica 

Phosphoric acid . . 
Sulphuric acid 

Lime 

Magnesia 

Potash 

Soda 

Chloride of potassium . . 
Chloride of sodium 



Trmid,id. 

1 

! 

Berbice. 

i ! 

j Deme-! 
: rara. 1 

1 

Gre- 

Dada. 

Jamaica. 

1 

CO 


1 > i 

5 16 17 

1 8 1 

9 

10 j 11 1 12 


145 -97 
3-76 
6-66 
9-16 13 
3-66i 9 
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The first seven were all fine canes with the leaves; No. 8 had no leaves; No. 9, but few; 
No. 10 was in full blossom, and had been manured -with pen-manure; No. 11, old ratoons, 
manured in the same way ; No. 12, young Mont Blanc canes, manured -with pen-manure, guano, 
and marl. 

The principal substances, therefore, required to be provided in an available state in a cane-soil 
are potash, silica, phosphoric acid, sulphuric acid, lime, and magnesia, besides a certain amount of 
nitrogen beyond what the plant can secure from the atmosphere. The oxides of iron and of 
manganese are, perhaps, also essential. 

The relative importance of each substance is a difficult problem to solve. But the mineral 
ingredients are constantly found in the same relative proportions. It must not be forgotten, 
however, that the sugar-cane possesses a power of absorbing a quantity of salts from the soil, far in 
excess of its needs, and to the detriment of its juice. This is referred to under Soil (p. 1863), and 
is illustrated in Nos. 3, 7, 8, 9, and 11 of Dr. Stenhouse’s samples. 

Composition of Cane Soils. — The composition of cane soils may be illustrated by two analyses 
by Dr. Phipson, one (A), of a soil from an estate in Jamaica under canes for the first time ; the 
other (B), from a Demerara plantation worked for more than 15 years consecutively : — 


A. B. 

Moisture 12-25 18-72 

Organic matter and combined water 15-36 6-03 

Silica and insoluble silicates 48 -45 68-89 

Alumina 13-80 2-50 

Oxide of iron 6-72 2-60 

Lime .. .. 0-99 0-08 

Magnesia 0-29 0-25 

Potash 0-11 0-10 

Soda 0-70 0-09 

Phosphoric acid O'lO 0-03 

Sulphuric acid 0 - 30 0-03 

Chlorine*.. .. 0-51 trace 

Oxide of manganese, carbonic acid, and loss in analysis .. 0-42 0-68 


100-00 100-00 

Nitrogen (in organic matter) 0-31 0-05 


» The qaantity of chlorine is unnsnally high, which is accounted for by the proximity of a salt spring. 

While A possesses everything requisite to grow canes for a number of years, B is fast 
approaching exhaustion. Attention is called to the greater amount of organic matter (humus), 
nitrogen, lime, and phosphoric acid in A, and to the important fact that the quantity of lime 
(0-08) in B is far below that of the magnesia (0-25). This last is a very bad sign, so much so that 
the degree of exhaustion which a soil has undergone can to a great extent be ascertained by 
comparing the relative amounts of lime and magnesia. The lime disappears by prolonged cultiva» 
tion of the cane, whilst the magnesia remains as it was. When the lime has diminished so much 
as to be present to the extent of only 0-1 per cent., and thgn amounts to but one-third of the 
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magnesia (thoogh originally the lime was higher than the magnesia), the crops of cane will fall off 
year by year, ami most careful manuring will be necessary to regenerate the soiL 

Manures obtained from Foreign Sources. — The only manures fit to be used on a partially- 
exhausted soil are good stable-manure, well-fermented farmyard dung, or manure made from night- 
soiL These are natural products, and not only contain all that the plant requires, but in the 
proper state for assimilation. Superphosphates have little beneficial effect upon graminaceous 
plants (including the sugar-cane and the cereals); and though excellent special manures have 
been compounded, nothing can equal dung and night-soil. Dung is precluded from wide use by 
reason of its bulk, but a product is now prepared from night-soil and urine which well compares, in 
composition and fertilizing qualities, with concentrated farmyard manure. It is got by evapo- 
rating excreta as nearly as possible to the dry state ; as it holds only 12-16 per cent, of water, its 
transportation can be effected as easily and cheaply as with guano. Analysis shows it to contain 
all the ingredients of rich farmyard manure in a concentrated state, and in the same assimilable 
form. It is manufactured by the Urban Manure Company, at Bloxwitch and Churchbridge, and 
is eminently adapted for long-worked cane soils. 

Perhaps the best method of using the acid superphosphate manures would be to mix them 
intimately with one-quarter their weight of good Peruvian guano, and one-quarter their weight of 
cane ash, and apply the mixture at the rate of 5-8 ewt. an acre, according to the mechanical 
condition of the soil, and its more or less effective drainage. A good mixture for most soils 
consists of Peruvian guano, cane ash (or burnt begass), and stable manure or compost heap, to 
which mixture one-quarter its weight of gypsum might be added. This last ingredient supplies 
lime, which has already (p. 1864) been alluded to as of primary importance. Lime is equally well 
supplied by chalk, unbumt limestone, or broken sea-shells ; it should never be applied in the 
caustic (burnt) state. 

Sulphate of ammonia and nitrate of soda act as powerful stimulants, but the plants feel a great 
relapse shortly afterwards. Moreover, nitrogenous manures do great harm in another way, by 
increasing the albuminous matters in the cane-juice, to the double detriment of the sugar, first by 
reducing the amount of sugar in the plant, and next by destroying a portion of the sugar in the 
already-extracted juice during the process of manufacture. 

Manures Produced on the Estate. — The waste produced on a sugar estate consists of the follow- 
ing materials (1) The “ trash,” or dead leaves which are stripped from the canes during growth, 
as well as the “ tops ” which are not used for planting ; (2) the “ begass,” or crushed cane from 
which the juice has been (more or less perfectly) extracted; (3) the “ feculencies ” collected in 
the clarifiers, &o. ; (4) the “ dunder,” or wash-waters, containing salts in solution and other 
matters. To these must be added the night-soil and dung accumulated on an estate. 

The leaves should be hoed in as fast as the trashing (p. 1867) proceeds ; but this cannot be done 
in localities frequented by the white ant. In such cases, the vegetable matter must first be fer- 
mented in tanks under suflicient moisture to repel ants, and then ploughed or trenched in between 
the rows of canes. The same applies to the waste cane-tops. 

The begass may be carried back to the fields by the carts which bring in the canes, and imme- 
diately ploughed or trenched into the soil. But the general plan is to use the begass for fuel, and 
return only its ashes to the soil. Burning reduces the ashes to an insoluble condition, and their 
value is greatly diminished. The question of returning the begass to the soil depends upon the 
circumstances that the estate requires both manure and fuel, and that the fresh begass will afford 
either one or the other (but not both) ; consequently the one not so supplied must be derived from 
other sources. The highly-concentrated form in which cane manures are now supplied, and the 
invention of furnaces for burning undried begass (p. 1876), ore inducements to adhere to the current 
custom. Thus only the ash of the begass can be counted on as manure. This amounts to about 5 cwt. 
from each 100 tons of cane crushed and burned ; its manurial value is 8s. a cwt. It should be pre- 
served with the other waste under a shed out of the rain till used. There will probably be an 
additional 5 cwt. of ash from other sources (trash, wooil, &c.), worth about 6s. a cwt. 

The feculencies and skimmings, say 6 tons (from 100 tons of cane), if pressed as soon as col- 
lected, yield 3 tons of juice and 3 tons of cake ; this cake, dried, with or without previous fermen- 
tation, yields i ton of dry nitrogenous manure, worth 31. The sediment of fermenting-vats, also 
containing some nitrogen, say 4 cwt. when dry, would be worth 10s. 

The ” dunder,” being to the extent of ^ used over again daily in making up the wash, would 
leave to be dealt with as manure, say 800 gal. or 4 tons (from 100 tons ot cane). It would dry 
to about J ton, and be worth about 31. 

Green-soiling, Botation, Fallows, and Tillage, — “Green-soiling” consists in planting beans, 
lucerne, indigo, or other plants, between the cane-rows (when canes are first planted), and plough- 
ing them in whilst they are green and succulent ; this has a powerful fertilizing effect. Indigo 
planted by a drill (in regular lines), just at the commencement of the rains, may, in 2 months after, 
be uprooted, laid along near the roots of the young canes, and moulded over. If cut to within a few 



1866 


SUGAB. 


inches of the ground, when they have attained a good growth, they will famish another fine bnshy 
plant before the end of the rains ; this may then be rooted up and moulded over as the first. The 
indigo-plant is continually appropriated to this end by the natives of India, although not until the 
colouring matter (see Dyestuffs — Indigo, pp. 858-61) has been extracted, and the plant becomes 
partly decomposed. The greatest good can only result from ploughing in plants whilst quite green 
and succulent, and the best time for the operation is just before they blossom. In Demerara, the 
castor-oU plant (see pp. 1380-2) is highly esteemed for the purpose ; and the same may be said 
of the pigeon-pea (Cajanus indicus) in the W. Indies and Australia. 

notation of crops as a means of refreshing the soil has long been known and applied in European 
agriculture, and some sugar-planters have at list appreciated the advantages to be derived from it. 
In Mauritius, it is now becoming the general custom, after the land has borne canes for 2 seasons, 
to plant it with maize (Indian corn), arrowroot, manioc (cassava), or peas, allowing a period of 
3 years between the cane crops. 

Fallows and tillage may be considered together, as there is very little good in allowing land to 
lie fallow (unoccupied by any crop) without subjecting it to thorough tillage, so as to open it up, 
and expose it thoroughly to the action of the air. Green-soiling is probably more beneficial than 
merely allowing the land to lie fallow. In Demerara, rotation is rarely practised, the same land 
growing canes for many successive years; but care is taken to manure well, and to make constant 
interchange of plants between different estates. 

Laying-cut an Estate . — The laying-out of a sugar estate is a much more complicated afiair in 
British Guiana than elsewhere, as it mostly includes provision for drainage and irrigation. Here 
the plantations are mostly narrow rectangular strips of land, with a water-frontage varying from 
100 to 300 Eheinland ruthe or roods (of about 12^ ft.). Every estate is bounded by 4 dams : the front 
dam excludes the sea, river, or canal ; the back dam excludes the bush-water, which, in heavy 
weather, would inundate the cultivation. The clay thrown out in forming tlie adjacent canals or 
trenches affords the material of which the dams are formed. Along each of the remaining sides, 
runs a dam from front to back, usually termed “side lines”; they serve two contiguous estates, 
and prevent the influx of water from the sides. The dams answer the purpose of a road round the 
estate; but the protluce is brought to the buildings (often situated in front) by canals. ‘The 
arrangement of the navigation system is very simple. From front to back, through the centre of 
the estate, runs a dam called the “ middle walk,” with a canal on each side, termed “ centr.d 
canals,” wide enough to admit two punts abreast. The dam forms a path for the cattle that draw 
the punts. At intervals, branch canals strike off at right angles, and proceed to within n rood of 
the draining or side-line trenches, which are parallel and adjacent to the siile dams. These branch 
canals constitute the transverse boundaries of the fields, and navigation canals thus lie on three 
sides of every field, and admit of canes being carried by a short path to the punts. On some 
estates, there is only a single central navigation canal. Tliese canals are piincipidly supplied by 
the rain, but in protracted droughts, and especially when they are shallow, they are liable to run 
short of water: hence, whenever access can be got to creek-, lake-, or bu.'sh-water, it is brought 
from behind to supply the navigation system. In other instances, salt water has to be taken in 
from the front. The drainage of the estate is equally simple. From back to front, and imme- 
diately adjacent to the side- line dams, run the 2 main draining-trenches, generally dug considerably 
deeper than the navigation canals. The small drains, again, cut at distances of 2-3 roods apart, 
commence within a bed of the middle-walk side of the field, and terminate in the side-line draining- 
trenches, having a fall in that direction. The small drains are thus at right angles to the main 
draining-trenches. In the front dam, the sluices or “kokers” are placed. Sometimes there is 
one on an estate, but generally two, one at the end of each draining-trench. The main draining- 
trenches are generally connected by a trench running beliiud the front dam. 

Drainage . — The proper drainage of a sugar estate is a most important matter. This is especially 
the case in localities which possess no natural means of taking off the surplus water, as for 
instance, the flat lands of British Guiana. Open rlrains are at present the only ones in use on 
almost all sugar plantations. Besides being very ill adapted to the purpose, they entdl great 
expense yearly to keep them clean. But perhaps their greatest disadvantage is the extent of land 
they occupy. On an estate of 500 acres, no less than 50 acres are lost in drains alone. Moreover, 
however well constructed, the sides are perpetually slipping in, and greatly preventing the flow of 
water. Other drawbacks are the inability to use the plough or tilling-muchine, and the loss of fine 
earth which is being continually swept away during rainfall. 

The remedy lies in the adoption of tile drains on ordinary soils, and stone box drains on heavy 
clays. The objection to these is the large first outlay necessary ; but this would be more than 
compensated for by the value of the land rendered available for culture, and the reduction in the 
cost of maintenance. 

Irrigation . — In part of Ijpper India and in Peru, it is impossible to cultivate even the common 
native cane without constant irrigation ; in the W. Indies, Straits Settlements, and many other 
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parts, the cane is grown without other moisture than that obtained by rain. But though long 
periods of dry weather very frequently occur, when planters are in despair at the min and destruc 
tion of their crops, few recognize the value of irrigation. 

River water generally contains silica, potash, oxygen, and other substances conducive to 
fertility, independent of the extra matters contributed during heavy rains. In the dry season, 
when irrigation is necessary, tlie water would only supply those substances ordinarily held in solu- 
tion. The sugar-cane thrives luxuriantly where the change of water constantly renews the supply 
of dissolved silica. The potash abstracted is also restored to the soil by irrigation. In irrigating 
during hot weather, there is an additional benefit derived from vapour passing up through the 
foliage. 

Propigathn. — The propagation of the sugar-cane is effected exclusively by cuttings from the 
stems. For this purpose, none but the healthiest and most vigorous canes are selected ; neglect of 
tliis point results in disease and deterioration, and, even with every care, it cannot be continued 
indefinitely with impunity, and sooner or later new plants have to be introduced. Every part of 
the stem having a perfect “ eye ” or bud will put forth a new plant, and it sometimes becomes 
necessary to utilize every portion of the sound canes in this way ; but where there is room for 
choice, preference is generally given to the few joints nearest the leaves, usually termed the 
“cane- top.” This is not the case in Louisiana; preference is there given to the main stalks, and 
tops are used only for economy sake. When planted, the eyes at the joints commence to spring 
forth, and at the satue time a number of roots are thrown out around the whole of each joint. As 
the development of the shoots advances, the parent cutting gradually dies and decays, while the 
young shouts become furnished with perfect roots of their own. 

Planting. — The land having been brought into a fit condition to receive the cuttings selected, 
planting is the next operation. This naturally divides itself into several distinct sections ; — 

Lining-out and Holing. — Regularity in the rows of cane is very important. This is attained by 
“lining-out” the fields with great care, by means of long lints and poles (much the same as for 
Coftee, see p. 693). Each field of 5-25 acres is first divided into sections by tall poles, placed 

say 100 ft. apart on each side. Between these are stretche.l long tapes carrying pieces of rag, 

fastened at the distance apart which the holes are intended to be. Small stakes are then driven 
in at the rags, each stako occupying the centre of the hole to be dug. 

The distances apart and dimensions of the holes are subject to no rule. Very often, the holes 
are made 2 ft. apart in rows 3 ft. asunder, but much depends upon the soil and climate. Common 
dimensions in the \V. Indies are 15-18 in. sq., and 8-12 in. deep ; in Guiana, 3 ft. sq. at top, 

diminishing to 14 in. at the bottom, and about 8 in. deep, each plant having an area of 4-5 ft. sq. 

Tliere is a growing disposition to replace hand-dug holes by furrows turned by the plough, the latter 
effecting a great economy of labour ; ploughing is universal in Louisiana. It is generally necessary 
to stdl retain the liniug-uut. 

Setting out the Cuttings. — The number of cuttings to be placed in each hole, or each 2 ft. of 
trench, is 1-4, according to their vitality and the prospects of their striking root. With good 
sound cuttings, 2 placed at about equal distances from parallel sides of the hole suffice; when 3 
are set out, they are laid parallel with each other, and with two sides of the hole ; when 4 cuttings 
are necessary to ensure a plant from each hole, they are commonly arranged in a square, correspond- 
ing with the sides of the hole. The three usual plans of setting out in trenches are (1) end to end 
at a little distance apart in one continuous straight line, (2) overlapping each other zigzag fashion, 
and (3) side by side obliquely across the trench. It is preferable to plant too heavily rather than 
too lightly. 

The cuttings, when in the holes or trenches, are covered with a thin layer (say 1J-2J in.) 
of earth. They thus lie sheltered from direct sun-heat at the bottom of a more or less deep hole, 
which forms a receptacle for moisture. The time for planting is governed by the character of the 
local seasons ; no absolute rule can be laid down for it. 

Moulding and Banking. — In about a fortnight, young sprouts push themselves up through the 
covering of earth ; these are immediately “ moulded ” round with some of the soil still remaining 
from the hole or trench. This is repeated at intervals, as the plant grows, till the hole or trench 
is filled up, and further till the stem of the cane is “ banked up ’’ for a certain distance, to favour 
its retaining an erect position. 

Weeding and Trashing. — Simultaneously with the moulding and banking, the land should be 
thoroughly weeded with a hoe. As the plants progress, “trashing” also becomes necessary. This 
consists in removing from the stem every dry and fading leaf. In rich land, it requires to be 
frequently resorted to during the wet season, but may be done at longer intervals when the rains 
are over. Constant trashing admits to the plants that abundance of light and air which is essential 
to the production of a heavy crop of sugar. Green living leaves must on no account be removed. 
Equally demanding removal when too numerous, are the suckers thrown up by the roots ; in 
Louisiana, however, they are encouraged. Both leaves and suckers should be buried ii^ trenches 
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between the cane rows, and covered with a thin coating of earth ; there they decay, and form 
excellent manure for the growing crop. 

Butooning . — The first crop from newly-planted cuttings is called “ plant ” canes ; when these 
hare been cut, the stole or “ stool ” sends up another growth of canes, which are termed " ratoons.” 
The first crop of ratoons is designated •* first ratoons,” and so on progressively. Rattxjns annually 
diminish in length of joint and circumference ; but they are said to yield richer juice and 
finer sugar. On some soils, it is found best to depend chiefly on ratoons. A very general practice 
is to plant a proportion (.J) of the land in annual succession. The stoles remain in the ground, 
smd vacancies are filled up as they occur. By constant ratooning, the produce of sugar per acre, if 
not equal to that from plant canes, yields, perhaps, in the long run, quite ns much profit to the 
grower, if the relative proportions of the labour and expense attending the two methods be 
considered. As soon as the canes are cut, the land intended for ratoons requires attention. The 
trash should be buried with other manure about the roots of the plants, the earth around being welt 
loosened and cleared of all weeds, before the rains set in. The number of ratoons dej^nds much 
on the productiveness of the soil. A good rule in most cases is to replant when ratoons give only 
1-lJ hhds. of sugar per acre. 

In some countries, as Bengal, good ratoons are never met with. First ratoons may be allowed, 
but white ants swarm in the old roots, and do mischief to the growing canes ; whereas when planted 
yearly, or every 2nil year, the stirring which the land receives drives them away. In replanting, 
the old roots should be burnt, and the cuttings planted lietween the rows of the former crop. 

Hartesting. — When the canes are ripe and ready for the harvest, they are cut with hatchets as 
close to the stole as possible ; thus new vigour is given to the ratoons that are to spring from the old 
root. The top is discarded ; it may perhaps suffice to cut off only one joint with the top, from canes 
grown on very dry soils; but otherwise, two should be cut, for if they are immature, their juice will 
injure the sugar, instead of augmenting its quantity. All leaves are also stripped off ; rat-eaten or 
otherwise damaged canes should be thrown out. 

The canes, being cut, are tied into bundles for the convenience of taking them to the mill. On 
the mountains, they are carried by mules ; in some parts, the bundles are rolled down the steep 
places, or shot down wooden spouts ; in the plains, they are conveyed in carts, drawn by oxen, ibules, 
or road engines, to enclosures near the mills; in Guiana, by flat-bottomed punts on canals which 
intersect the plantations for this purpose ; wire-rope tramways have also been used to a limited 
extent. 

Windrowing. — In Louisiana, frost so often occurs before the harvest is complete, ns to have 
resulted in the adoption of a method of keeping the cut canes uninjured, termed “ windrowing.” 
For cane that is waiting for the mill, the usual plan is to throw into one furrow 2-4 rows 
of cane, so that the tops of the last will cover the butte of the preceding. The proper way to 
windrow cane for seed is first to throw to the centre of the water-furrow one or two furrows of dirt 
from each side ; a harrow is then run over to pulverize it thoroughly, and give the cane a soft bed, 
at such an elevation that. the cane cannot be injured by water standing on it. Upon the cane, 2-4 
more furrows of dirt are thrown, to protect it from the cold. Some are in favour of “ round nmt.'i,” 
or standing the canes upon their butts on a dry piece of land, and throwing dirt around the outside 
to the height of 3-4 ft. ; the cane from about J acre is usually put in each mat. The addition of a 
square wooden tube, running up through the centre for ventilation, prevents dry rot. The “ flat- 
mat” method (laying down in beds about 15 ft. wide, on elevated ground, to the depth of 2-4 ft., 
then lightly covered with earth) is much more common and popular. 

Diseases and Enemies, — Some of these are common to both wild and cultivated cane ; but others 
are developed upon the latter alone, and have originated in defective culture, improper or insufficient 
manuring, or unsuitable conditions of climate or soil. 

Eats.— Rats are one of the most troublesome pests, as they gnaw the standing canes, thereby 
admitting air, and setting up destructive changes in the juice. Some estates have been rid of rats 
by rearing numbers of the mongoose ; it will thrive in any climate that will grow sugar-cane. 

Ants. — In some localities, white ants are a great nuisance. They are driven away by tillage ; 
and tops or cuttings soaked for a few minutes in water tainted with petroleum will never be attacked 
by them. 

Pou blanc. — Pou blanc, or more properly, pou a pocke blanche, is a collective name applied to two 
species of “ louse ” (^Icerya sacchari and Pulvinaria gasteralpha). Their ravages are familiar to the 
planters of Mauritius and Bourbon, and specimens of one of the species have recently been dis- 
covered in Queensland, upon canes grown from joints newly imported from Singapore. In dry hot 
weather, these insects frequent the roots of the canes, and do much injury to the fresh rootlets, 
thereby greatly retarding the growth of the plants. The young run about on the green shoots and 
leaves, until they find a suitable spot where they may fix themselves for life. They are armed 
with a long sharp probe, which they introduce into the new sap-wood, and suck away the juices of 
the plant, sometimes till they have quite destroyed it. They spread rapidly, and are very 



CANE-SUGAE. 


1869 


tenacious of life. Dr. leery found that washing the canes with alcohol killed the insects at once, 
and he recommends a solution formed by boiling a mixture of sulphur and lime in water. The 
insects rarely appear on healthy well-developed canes, and though these remedies may prove useful 
for checking their ravages for the moment, their complete extermination will only be secured 
by attention to all the conditions required by the plants. W. Bancroft Espeut believes that the 
“rust” described further on is caused by these insects, being in fact abrasions produced by the 
young feeding on tlie surfaces of the leaves. The “ waxy ” powder which is usually describ^ as 
coating the fully-matured insects, is ascribed by him to the saccharine juice of the cane. It is 
this exudation hich forms the great attraction to the ants, in quest of which the latter scrape the 
lice incessantly with their mandibles, till the victims die of starvation. 

Borers. — The term “ borer ” is applieii generically to the caterpillars or “ grubs ” of a number 
of species of moths, beetles, and other insects; they are sometimes (in America) also called 
“ worms,” which is a misleading name, from its being correctly and more generally applied to a 
distinct class. One of the most common is Procems sacchariphagus, long dreaded in Ceylon, and the 
cause of great destruction in Mauritius, since its introduction in 1848. Two kinds prevalent in 
British Guiana are Sphenophoi us sacchari, and the tacuma, a large species of Shyncophorus, very like 
if. Zimynerinanni^ but not identical with it ; another is Phaltsna saccharalis, which produces 6 genera- 
tions in a year. The grub of a beetle ( 7bni.jrus bituberculatus) also has recently given much trouble 
in that colony. The list might be greatly extended. The habits of the grubs appear to be nearly 
identical in all cases. They are provided with powerful mandibles, and their mouths are armed 
with lance-like instruments, which enable them to pierce the silicious (flinty) outer rind of the 
cane. Once within the soft juicy mass of the interior of the cane, they effect its destruction with 
extreme rapidity, and the juice is rendered useless. Among the means to be adopted against these 
insects, are the encouragement and cultivation of their natural enemies. Principal among the 
latter are ants, which attack the insects both in their caterpillar state, whether just issued from the 
eggs or about to enter the “ pupal ” condition (commencing to spin their cocoons), and in their 
perfect or “imago” form, i. e. as moths or beetles. Turkeys and the smaller insectivorous birds 
devour enormous numbers of the “ grubs ” (caterpillars). Bancroft Espeut has had singular success 
in cultivating other enemies of these insects, notably the Ichneumonidm (“ lady-bird beetles ”), by 
planting a hedge of the Congo or pigeon pea (Cujanus indicus) around each field, and growing the 
bonavist bean {Dolichos Lablah) and pigeon pea on fallow fields, ploughing in the latter as a green- 
soil manure afterwards. 'When the estate is quite overrun with the caterpillars, it may be necessary 
to burn all vegetable matters likely to harbour them. But this should be avoided if possible, as it 
entails the destruction of the best manure the land can have (see p. 1865). The abundant applica- 
tion of lime to the soil is generally very beneficial in destroying the insects, besides its mannrial 
value (see p. 1864). A widely-adopted plan is to cut off and bum the first shoots that spring from 
the planted cuttings ; tliese are allowed to grow for about three months, by wiiich time the grubs 
will have congregated on them. The second crop of shoots soon appears ; and their skins are 
tougher, and better able to resist the attack of the grubs which Jiave escaped burning. Not only 
borers, but many other injurious insects are propagated on the canes year after year. Hidden in 
the cane-tops, are the chrysalides of the insects, which in due course are transformed into moths and 
butterflies, whose eggs supply a new swarm of caterpillars and grubs, and thus the evil is con- 
stantly maintained. Obviously, therefore, great good may be gained by ridding the cane-tops of all 
vermin before planting. A very simple plan is to soak the cuttings for 24 hours in water which is 
sufiSciently hot to destroy larvse, without being hot enough to injure the germinating powers of the 
plant. More effective is the use of antiseptic preparations, as they attack parasitic growths wliich 
would be unaffected by mere warm water. Carbolic acul (see pp. 671-80) has long been used. 
Dr. Bancroft has published exact directions for a treatment which he has adopted with success : as 
follows : — (1) Carefully clean the joints of the cuttings entirely from trash (leaves), (2) immerse the 
cuttings for 24 hours in a mixture of 1 lb. carbolic acid to 50 gal. water heated to a degree that the 
hand can bear ; (3) immerse the cuttings for a few minutes in milk of lime, made by mixing 2 lb. 
slaked lime with 1 gal. water ; (4) spread the cuttings out to dry in the sun, and turn them 
occasionally, for one day before planting. 

Bust. — A disease termed “rust” has been noticed in Queensland, the Malay Archipelago 
Mauritius, the Society Islands, and Bahia. It is characterized by a dark-brown or reddish granular, 
incrustation, which makes its appearance on the leaves and stem, and which M'Lacblan has deter- 
mineil to be due to the punctures of a minute Acarus (mite), which exists upon the diseased cane 
in myriads. The creature looks very like a Tyroglyphus, though its habits do not altogether accord 
with those of that genus. A black-spored fungus is eventually produced by the red spots on the 
leaves ; this is regarded by Berkeley as a new species (Depazeu sacchari) ; he considers that it 
merely occupies the already-destroyed tissues. The Bourbon canes suffer much more than any 
other variety. Prof. Liversedge, of Sydney University, considers that rust is not a disease, but 
rather a 'result of an existing diseased condition. This he ascribes to bad cultivatiqn, want of 
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drainage, and improper manuring, to which mnst be added, in some instances, unsnitability of 
climate and poverty of soil. 

Smnt. — In Natal, the canes are attacked by a kind of “ smnt ” ( UstUago sacchari), analogons 
to the well-known disease which affects the cereals of this country ; it is entirely due to faulty 
cultivation. 

Yields of Canes and Sugar. — Statistics of the cane and sugar production of certain districts are 
useful for reference in drawing conclusions as to the results of new processes. 

Barbados. 

1 ft. sugar-cane weighs about J lb. 

1 clump „ ,, „ 54 lb. 

1 „ „ yields „ 4 gal. juice. 

4 gal. juice „ » 4 lb. muscovado sugar. 

1 acre ripe cane (holes 6 ft. x 5 ft.) yields 1452 clumps. 

1452 clamps cane yield about 5808 gal. juice, 

5808 gal. juice „ „ 5808 lb. sugar. 

1 acre, planted 6 ft. x 5 ft., at 50 lb. to the clump, will give 72,600 Ib. or 36 tons 
ripe cut cane, or 2^ tons raw sugar. 

Louisiana. 

1 acre yields 44,000-60,000 lb. cane. 

The average cost per 2200 lb. is 2i-5 dol. 

The density of tlie juice varies from 6° to 10° B., and averages 8°-8J'’ B. ; 8° B. is 
equal to 14-4 per cent, pure sugar per 100 lb. juice, or 12'96 lb. sugar for the 
901b. juice contained in 100 Ib. canes ; 8J° B. would mean 15-33 per cent, 
pure dry sugar. 

1240 gal. juice at 8i° B. produce 1048 lb. sugar, and 480 lb. molasses; with the 
best modem machinery, more sugar and less molasses is got. 

1 gal. juice at8J° B. weighs 10-62 lb. 

1240 gal. „ „ 13,169 „ 

100 lb. cane contain 90 lb. juice. 

12,345 „ yield 11,111 „ 

11,111 lb. juice at 8i° B. should give 1700 lb. sugar. 

The actual yield of combined sugar and water of crystallization is 14-89 per 
cent. 

11,111 lb. juice therefore afford 1655 lb. sugar and molasses. 

Of the 1655 lb., 1173 lb. are sugar, and 482 lb. molasses. 

Thus 427 lb. sugar and mqlasses are lost in the manufacture. 

11-8 lb. cane give 1 Ib. sugar and 0-48 lb. molasses. 

10-5 lb. cane would have given 1 lb. sugar and 0-66 lb. molasses, if no loss had 
occurred. 

7 ■ 26 lb. cane would give 1 lb. sugar, if there were no loss, and no molasses produced. 

1 acre will grow 13,000-45,000 canes. 

The length of the canes varies from 3 to 8 ft. 

„ weight „ averages 10 oz. per ft. 

Canes 4J ft. long, weighing 3 lb. each, and growing 350 per low of 100 ft., will give 
61,125 lb. canes per acre. 

Planters require 35-55 lb. cane to make 1 lb. sugar and 0-66 lb. molasses. 

The average for the State is 2-25 lb. sugar and 1 ‘50 lb. molasses from 100 lb. cane. 

Thus 100 acres give 6,000,000 lb. cane, affording 135,000 lb. sugar, and 90,000 lb. 
molasses. 

But 6,000,000 Ib. cane, if no loss occurs in manufacture, can give 571,428 lb. su'^ar 
and 380,952 lb. molasses. ” ’ 

And, if made into first, second, &c., sugars, could yield 750,000 lb. white su^-ar 
and 140,000 lb. molasses. ° 

While the same cane would make 867,510 lb. concrete sugar. 

Mauritius. 

1 barrel cane juice weighs 530-544 Ib. 

1 „ „ yields about 95 lb. sugar 

1 acre cane produces 3500-5500 lb. sugar. 
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Egypt. 

1 acre cane aflfoi'ds abont 500 lb. refined sugar. 


Juice from 100 lb. Oane. 
100 lb. cane giving juice at 10° B. will yield ; — 


4"7]4 gal. juice at 50 % extraction. 

7-543 gal. juice at 80 °/o extraction. 

5-185 „ 


55 „ „ 

8-015 „ 


85 „ 


5-657 „ 


60 „ 

8-486 „ 

*9 

90 „ 

99 

6-128 „ 

>} 

65 ,, fy 

8-958 „ 

V 

95 „ 

»> 

6-600 „ 

„ 

iO ,, „ 

9-4.30 „ 

99 

100 „ 

)» 

7-071 „ 

>» 

75 






Composition op Cane-jcicb. — Before detailing the many processes and apparatus used in 
making sugar, an idea must be gained of the nature and characters of cane-juice. Mention has 
already been made of the structure of the sugar-cane. Within the cells, is contained a sweet 
watery juice, a sugar-water holding a variable quantity of organic and mineral matters in solution. 
This is the juice which is extracted for the purpose of being made to yield its sugar. The nature 
of the ingredients composing it is not liable to variation ; but their proportions fluctuate with the 
soU and climate, the age of the cane, the portion of the cane atfording the juice, and other circum- 
stances. E. H. Harland states the composition of some cane-juices expressed from ripe canes grown 
in Queensland, as follows ; — 


: i 

I ^ 

Gninghan 

Cane 

China 

Cane. 

Mixed 

Canes. ' 

! Density at 15i° (60° F.) .. .. ! 

11 -5° B. 

10-5° B. 

11-6° B. i 

1 

; 

Crystallizable sugar 

Uncrystallizable „ 

Ash (soluble salts) 

Other organic matters 

per cent. 

19-50 

0-25 

0- 70 

1- 17 

per cent. 

16-40 

0- 41 

1- 11 

2-51 

per cent. 
18-30 

0-45 

0-37 

3-14 



Total solid matters .. 

21-62 

20-43 

22*26 


Samples of unripe cane-juice showed ; — 



I. 

11. 

in. 



Crystallizable sugar 

Uncrystallizable ,, 

Ash (mineral matters) 

Unknown organic matters .. 

per cent. 
8-60 

3-10 

0-21 

1-27 

per cent, 
7-76 

2-30 

0- 25 

1- 74 

per cent, 

7-24 

2-50 

0-34 

2-89 



Total solid matters .. 

13-18 

12-05 

12-97 



In general terms, cane-juice consists of about 81 per cent, of water, 18 of sugar. O' 6 of organic 
matters, and O' 4 of inorganic (mineral) matters ; further, about O' 5-0 '6 per cent, of tlie sugar in 
the juice of ripe canes (it is much greater in unripe ones, as shown) is uncrystalliznble. These 
substances are very intimately combined, but the juice is not of one constant quality through- 
out the whole cane. Thus planters reject the tops of the canes before extracting the juice. 
Further, the juices contained in the soft central (medullary) part of the cane are much richer in 
sugar than those of the nodular (the “ knots ”) and cortical (the rind) portions. Conversely, the 
saline and organic matters (other than sugar) are in increasing proportion in the harder parts of the 
cane ; when an extra yield of juice, therefore, is obtained by the exhaustion of the harder portions, 
the quantity is at the expense of the quality. This has a bearing upon the question of the relative 
advantages of mills extracting only 60 per cent, and those getting 85 of the 90 per cent, of juice 
usually present in the cane. 

It is now necessary to separately consider each component part (or group) of the raw juice. 

The Crystallizable and Uncrystallizable Sugar . — The artificial conversion of uncrystallizable into 
crystallizable sugar remains an impossibility, though the latter can be readily “inverted ” into the 
former. From experiments by Harland, it would seem that in the growing or ripening plant 
a conversion of uncrystallizable into crystallizable sugar does take place, the proportion of the 
former being markedly decreased in juice expressed 8 days after the cutting. The occurrence of 
uncrystallizable sugar in the juice works a twofold mischief : — (1) The uncrystallizable^sugar is 
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itself a loss, i.e, it has no value as sugar ; (2) its existence in the syrup so affects the remainder as 
to hinder, if not prevent, the recovery of an equal quantity of the crystallizable sugar in a saleable 
form, for the liquid containing the altered sugar has a treacly consistence, and cannot be <»n- 
veniently deprived of its water by evaporation to such a degree as will leave the unaltered sugar 
in a saturated solution capable of clean crystallization on cooling. 'Practically, therefore, it may 
be said that every 1 lb, of sugar rendered uncrystallizable means a loss of 2 lb. of crystallizable 
sugar. 

The chief cause of alteration in the sugar is fermentation of certain constituents of tlie juice, viz. 
the organic matters other than the sugar. The essential conditions are mainly access of air to the 
juice, and a moderately high temperature. Consequently fermentation begins in the living cane, 
when injuries (gnawing by rats) admit air into the cells. Artificially, it is set np the moment the 
juice is extracted, and is maintained by the heat necessary for carrying on the manufacture, 
augmenting as the time is prolonged and the heat increased. Acids also provoke fermentation ; 
they are nearly always present in a free state, as shown by the juice giving a red colour to litmus- 
paper. Hence the importance of rapid treatment at low temperatures, and with the least possible 
exposure. Fermentation does not commence in the juice while still in uninjured canes. In 
Louisiana, sound canes may be kept for a-4 months after catting, the only result being the loss of 
a portion of the water of vegetation. In the PhUippines, sound cut canes may be kept for a week 
at least, despite the high temperature of an Eastern tropical summer. This seems to indicate that 
canes could be kept and transported long distances without undergoing loss of crystallizable sugar; 
but it applies only to sound canes, and the result might be different in cases where the rind was 
cracked or eaten into. Obviously something also depends upon the climate, as in the W. Indies 
and Demerara, the juice must be expressed within 48 hours after cutting, to prevent an excessive 
inversion taking place; this is retarded by antiseptics, and salicylic acid is now much used with 
this object. 

The quantity of sugar in a sample of cane-juice may be approximately ascertained from its 
density. This is observed by a hydrometer. As the indications of this instrument refer to the 
proportion of solid matters in the liquid, without reference to their character, they need correction 
for the solids other than sugar. The following table will be found useful for this purpose 


§ Deffreea 
(77° F.). 

Weight of Sugar 
per cent, of 
the Juice (indU 

1 cated). 

1 

Weight of Sugu* 
wr cent, of the ■ 
Juice (actual), i 

1 

Baume Degrees 
at 25° (77° F.). 

Weight of Sugar 
per cent, of 
the Juice (indi- 
cated). 

Weight of Sugar 
per cent, of the 
Juice (actual). 

4 

1 

1 2-8 

2-6 ; 

9 

15-9 

14-9 

5 

4-9 

4-8 ! 

H 

16-5 

15-5 

6 

7-8 

7-4 : 

94 

17-2 

16-1 

6i 

8-5 

7-9 : 

9i 

18-0 

16-7 

6i 

9-1 

8-6 1 

10 

18-8 

17-4 

Gi 

9-8 

9-2 1 

lOi 

19-6 

18-0 

7 

10-5 

9-9 i 

104 

20-4 

18-7 

n 

11-1 

10-5 

lOf 

21-1 

19-4 

74 

11-8 

11-1 || 

11 

21-7 

20-0 

7i 

12-4 

n-7 |l 

Hi 

22-6 

20-6 

8 

13-1 

12-3 |. 

114 

23-0 

21-1 

8i 

13-7 

12-9 

Ilf 

23-7 

21-6 

84 

14-4 

13-5 

12 

24-4 

22-7 

8i 

15-2 

14-2 





The Mineral Matters.— The quantity of mineral salts in the juice of canes best fitted for sugar- 
making is about 0-29 per cent, of the liquid. They are found in greater proportion in the head 
than in other parts of the cane. The nature of the soil has a marked influence, and to it the 
variations in the figures must be referred. The principal mineral matters are potash, soda, lime 
and iron, as oxides, carbonates, chlorides, sulphates, biphosphates, and silicates ; with there are 
salts of alumina and magnesia. The annexed analysis of cane ash shows the average proportions 
of the most important ; — 


Potash and soda . . 

Lime 

Oxide of iron 
Silica 

Alumina, magnesia, and acids in combination with the bases 


18-83 percent. 


8-34 

1-99 

11-48 

59-36 


17 

91 

1 * 

if 


The Organic Matters . — The vegetable (organic) matters contained in cane-juice (excluding the 
sugar itselOmay be divided into 3 groups (1) Substances which communicate a milkiness to the 
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liquid, and are with diflScnlty precipitated from its upper layers on standing, but may be easily 
and almost completely separated by filtration, juice thus filtered having the property of keeping 
nearly 24 hours without undergoing fermentation ; (2) albuminous material capable of coagulation 
by boiling, or even by heating to 80° (176° F.), and precipitable by strong acids without being re- 
soluble in excess ; (3) albuminous bodies not coagulated by heat, but precipitable by alcohol and 
by lead acetate, and soluble in alkalies and acids (even tannic acid). Juice which has been heated 
and filtered may be kept perfectly fresh for some few hours, at a temperature of 30° (86° F.). At 
the end of this period, a thin pellicle is seen, and on the next day, a slight cream covers its surface, 
and the colour changes ; but it is only at the end of the second day that fermentation positively 
shows itself. It thus appears that it is sufiScient to rapidly heat the newly-extracted juice, and filter 
it immediately, in order to have a limpid liquid, which can be kept for a considerable time without 
very great alteration. Further, these substances develop acidity in the juice, and are one of 
the principal causes of the formation of nncrystallizable sugar. When they are eliminated, acidity 
is only feebly increased by the action of heat 

Exteaction op Cane-Juice. — The juice in the cane exists in the plant enclosed in little cells, 
which are surrounded and protected by lignose (woody matter), the latter forming about -jL of the 
total weight of the cane. The liberation of the juice may be effected (1) by rupturing these cells, 
so that their contents flow out ; (2) by combining the crushing process with maceration in water ; 
(3) by utilizing the membrane of the cells as a means of allowing the escape of the sugar and other 
“ salts ” in solution, by the process known as “ diffusion.” 

Cane-mills . — An account of all the introduced or proposed forms of mill for crushing sugar-cane 
would fill a large volume. Practical ends will be served by describing the typical forms. 

Kousselot’s 3-roller mill, as made by Fawcett, Preston, & Co., is shown in Figs. 1330-1332. 
The bed-plate D is seated on a strong timber framework, through which the large bolts I (Fig. 
1330) pass, allowing the top roll to lift a little when any extraordinary strain occurs. The canes 

1330. 1331. 


A 

r n » 
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pass by the carrier H (Fig. 1331) down the slide E, through the rolls, and the begass emerging at 
D is taken away by a carrier worked by the drum I. The ordinary frame of cast iron is not 
exposed to tension. The resistance of the canes between the rolls A B C is taken from the top roll 
A through the cap and bolts, and compresses the frame, while the tendency to separate the 
bottom rolls is controlled by the horizontal tie-bolts; for all practical purposes, the frame might 
be made of oak instead of iron, as the working strains are thrown upon the wrought iron, instead of 
being borne by cast iron, as in other milis. The 3 cast-iron rollers are keyed on to the wrouglit- 
iron shafts. The “ returner-bar,” or “ knife,” or “ trash-turner,” as it is variously denominated, 
is a flat or curved plate, placed at a distance of 2^-3 in. below the bottom of the top roll, made to 
touch the circumference of the front roll, and to stand off about i in. from the lower back roll, so as 
to allow the juice to run down. The mill shown in Fig. 1332 is- composed of two cast-iron frames 
d, secured to the bed-plate e by bolts at the four corners. Seats are prepared on the frames d for 
carrying the brasses for the shafts of the rolls a h c. The bolts * j pass through the frames and 
bed-plate and through the timber k, and take the strain of the top roli, and the bolts h, of which 
there are 4 for each frame, take the strain on the caps g f. In this manner, the strain is borne 
by the wrought-iron bolts instead of being thrown on the cast-iron frames, enabling more juice 
to be extracted with safety than can be done with the ordinary cast-iron frame. The yield of 
sugar from the cane crushed in this mill at the central factory in St. Lucia, during the season 
ending in May 1881, is stated at 8 per cent, of the weight of the cane ; the cane there seldom gives 
juice of 10° B., yet by the careful use of a Bousselot mill and the necessary adjuncts^ with a 
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Teiy limited consumption of sniiunl bllick, 10,000 tons of cnno give '800 tons of sngar of superior 
quality, averaging in London 25/. a ton. 

Formerly the returner-bars were much slighter than those ordered and supplied at present. 
When canes are passed through a mill without choking, everything works smoothly ; but from the 
moment that a cane doubles up, trouble begins. The rolling hriction of the mill is a light matter; 

1332. 



but the sliding friction in the confined space between the top roll, the front roll, the retnmer-bar, 
and the back roll, is very great. If the returner-bars are slight, they bend by the pressure, and the 
jaw is relieved. The bar is taken out and straightened, and work is resumed. A pressure of 
50 lb. a sq. in. drives the mill when there is no jamming ; but 80 lb. is required when it is 
“braked” by accumulation of trash between the rolls and the returner-plate ; orders are daily 
given for stronger returner-bars, so that where the massive rolls are “ braked ” with trash, that 
becomes hot and hard with friction, the resistance has to be overcome, and returner-bars are made 
to resist the force of a 60-H.P. engine, geared 20 to 1, and making 40 rev. Many engineers con- 
tend that those who are trying to increase the yield in juice by very slow movement are in 
error, and recommend experiment in the direction of lighter and repeated crushings, combined 
with maceration. By using two mills of moderate proportions, more effective work is said to be 
obtained, because there is less sliding friction ; and it is qucstioneil whether the extra quantity 
of juice obtained by the extra force of a large mill is not at the expense of the quality. 

On the other hand, the rolls of the mills erected at Aba-el-Wakf, by Eastons and Anderson, in 
1872, measured 48 in. diam. and Sj ft. long, had a surface-speed of 27-36 ft. a minute, took a feed 
15-18 ill. deep, and did excellent work. A comparative trial of a small rapid and a large slow mill 
on the same estate in Porto Eico, under like conditions, is interesting. The rapid mill had rollers 
22 in. dium. by 48 in. long, and an average speed of 24 ft. a minute ; the slow mill had rollers 36 in. 
diam. by 66 in. long, and an average speed of 9 ft. The rapid mill ground cane in goo<l season, 
yielding juice of 10° B., and having 10 per cent, of woody fibre ; tbe slow mill had average good 
canes, a little over ripe and dry, yielding juice of 11° B., and 14 per cent, of woody fibre. The 
results were : — 

Bafid Mill. 


1 

Quantities. 

Canes in 
lb. 

Juice in 
gallons. 

J uice in 
lb. 

1 Sugar in 
lb. 

Molasses in 
lb. 

Total Oreen 
Sugar. 



387 loads 

1 load 

100 lb 

! l^gal 

1,170,332 
3,024 
100 
nearly 18 

65,442 
169- 1 
5-59 
1-00 

702,092 ' 
1,814-44 1 
59-9 
10-73 

72,081 

186-25 

6-16 

1-10 

37,464 
96-80 
3-20 1 

0-572 j 

109,545 

283-05 

9-36 

1-672 

i 

1 
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Quantities. 

j Canes in 

1 lb. 

Juice In 
gallons. 

Juice in 
lb. 

Sugar in I Molasses in I Total Qtten 
lb. 1 lb. 1 SuA 


629 loads 

1 1,369,275 

98,350 

1,06.3,163 

. ^ 

138,750 i 64,944 203,694 


1 load 

1 2,177 

156-36 

1,690-25 

2-20-6 1 131-67 352-27 


100 1b i 

100 

7-18 

77-61 

10-13 1 4-74 14-87 


; 1 gal 

13-07 

1-00 

10-81 

1-41 0-66 : 2-07 



The loss in the begass of the rapid mill was 7-53 per cent ; in that of the slow mill, 2-47, or a 
difference in favour of the latter of 5-06 per cent. 

The De Momay mill (Fig. 1333) presents various advantages, and will doubtless be more 
widely adopted in future. In Cuba and Demerara, it is unknown ; but it has been manufactured 
for S. America by Fawcett, Preston, & Co., and worked there with great success. The canes enter 
between the rolls A B, and are carried onwards by the roll 0, inclining upwards until they are 
grasped by A D. There is no 
returner-bar in this mill to 
cause abnormal friction and 
resistance, and no sliding or 
rubbing of the top roll on a 
mass of crusherl cane. It is 
stated that this mill, when 
properly constructed and pro- 
portioned, will grind cane with 
50 lb. steam when the ordinary 
3-roller mill fitted with a 
returner-bur requires 65 lb., or 
the difference between a 15- 
aud a 20-H.P. engine. 

Figs. 1334 and 1335 show 
end and front views of the 
3-roller mill made by Manlove, 

Alliott, Fryer, & Co., of Not- 
tingham and Bouen. The bed 
and cheeks are entirely of cast 
iron, carefully proportioned to its work. Strong wrought-u-ou tie-bolts take the main tensional 
strains in the mill. The side roll-caps, while well established when the mill is working, are readily 
removable, and the rolls can be slid out without any lifting. 

Oane-mills have been constructed with 4 and even 9 rolls. In the 4-roll mill, where 2 rolls are 
placed above and two below, the driving-power is said to be not much greater than that required 





for an ordinary 3-roll mill, while more juice is obtained ; but this statement is very doubtful, and 
is negatived by the fact that 3-roll mills have quite superseded the 4-roll arrangement. In the 
5-roll mill, 3 rolls are placed below, and 2 above ; 10 per cent, more juice is said to be extracted by 
this plan, but much greater power is needed, and the begass is much broken up. 

Motors.— With regard to the suitability of the several kinds of power for driving cane-mills, it 
has been ascertained, by comparing the results of 44 mills in Guadeloupe, that .-—with windmills 
of inferior construction, the cane-mills extracted only 50 per cent, of juice ; witli ordinary wind- 
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mills, 56‘4 per cent : with animal power, 58‘S per cent ; with water power, 59'3 per cent. ; with 
steam power, 61*8 per cent 

Figs. 1336 and 1337 show an economical combination of a vertical beam-engine arranged so as 
to work two large air pumps, and with power enough to work the cane-mill at the same time. 
This style of engine is applicable when the sugar-factory is organized so as to run day and night, 
as all should to work profitably. The engine is constantly at work, and its exhaust-steam is as 
constantly absorbed 
by the juice. It is 
evident that by using 
one large engine in- 
stead of three (one 
each for the cane- 
miU, .the triple- 
effect, and the strike- 
pansX much loss by 
friction and expense 
of attendance are 
saved. In the figure, 

E represents an en- 
tablature carrying 
the beam A, mounted 
by 8 columns on the 
b^-plate C; H are 
two large air-pumps 
in connection with 
the triple-effect and 
vacuum-pan ; a mas- 
sive fly-wheel G is 
necessary to secure 
r^larity of motion. 

Fuels and Fur- 
naces. — The use of 
coal and wood as fuel 
needs no remark. 

Whether wisely or 
not (see p. 1865), 
begass is largely em- 
ployed for this pur- 
pose. Approximately, 2 lb. of begass equal 1 lb. of coal, or 16 lb. of begass to evaporate 1 gal. 
of water. So that the refuse of the canes should give fuel sufficient to make tlie sugar, when the 
canes are not completely exhausted of the saccharine juice. Ordinarily the begass requires pre- 
liminary drying by the sun and wind, but furnaces have lately been introduced for burning it in the 
wet state, as it leaves the mill. 

Marie’s begass-fumace, made by Manlove & Co., is shown in Figs. 1338, 1339, respectively in 
section and as attached to a boiler fire-box. The chamber A is constructed of cast-iron plates a 
stiffened by ribs b, bolted together by flanges, and encased in brickwork. The pyramidal crown 
B is also of cast-iron plates, bolted upon A, and surmounted by the hopper C, in which the begass 
is dried, and through which it is fed to the furnace. An inclined balance-door D is placed in the 
hopper, working on pivots at d, supported in the sides of the hopper, one having a lever-arm e, upon 
which is an adjustable counterweight /, to regulate the quantity of begass admitted. The fee- 
bars g are inclined ; their lower ends extend through an opening A, and are supported by an 
inclined bridge », bolted to extensions A of the side walls of the furnace. The upper part of A is 
surrounded by a flange f, the dimensions of the flanged opening being varied as circumstances may 
require. The doors m give access to the furnace. The most exposed parts of the sides a are lined 
internally with fire-brick, and the walls n are similarly faced. The begass-furnace is shown 
supported at front on feet o, and at back upon a wrought-iron girder p, whose ends are built into 
the walls that support the fire-box s of the boiler. The lower part of the boiler fire-box is 
completely closed by brickwork r, supported on girders built into the side walls ; the interval 
between the begass-fnrnace and the fire-box being also built up, the air to support combustion 
must come in through the fire-bars g. 

Begass coming wet from the mill requires to be dried to render it fit for fuel, and it receives 
its prdiminary dT3ring in the external furnace. A coal fee having been first lighted in A, its 
walls beconfe highly heated ; the wet begass is then fed in through C, whose balance-door D gives 
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passage to anS spreads the begass uniformly upon the grate g, closing again immediately to 
re-establish the draft through the grate. In this arrangement, the heat which would go to 
evaporate the water, is stored up in the walls of the furnace, which quickly become hot enough to 
almost instantly dry the begass, and render it eminently fit for burning. As all the gases are com- 
pelled to pass through the mouth leading to the boiler-furnace s, perfect combustion is ensured, 
and there is little or none of the usual deposit in the boiler-tubes. The advantages of a furnace 



which wUl burn wet begass extend to the important gain represented by the avoidance of risk of 
fire, constantly to be feared when dried begass is stored in large quantity. The Marie furnace has 
been applied also to the “ copper walls” for making muscovado sugar. 

Norbert Eillieux, of Paris, also has a plan for drying the begass on its way to the fiumace. His 
apparatus is shown in Figs. 1340, 1341. The wet begass is delivered by elevators a into the 
hopper 6, leading at bottom into a chamber communicating with the furnace o of the steam-boiler h. 

1340. 1312. 




In this hopper is a hinged horizontal flap d, on which the begass falls, and which is held by a 
balance-weight till the load accumulated upon it overbalances the weight, when the begass is dis- 
charged down the chamber, and passes into the furnace to be burnt, the flap being closed again by 
the balance-weight. While the begass is retained in the hopper, and descends through the chamber, 
it is subjected to currents of hot gases from the furnace, so as to become dry before passing into the 
fire. The hot currents may be accelerated by connecting the hopper by a pipe e with the 
chimney / of the boiler, the draught being regulated by a throttle-valve ; and if required, a 
blowing-fan g may be provided in the pipe, and regulated so as to 'produce the required degree of 
desiccation. , 
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Diamtegrating . — The imperfect liberatioii of the oane-joioe by the crtuhing proceu of the 
ordin^ mUl has led to experiments in other directions. One resnlt has been the invention of 
machines for effecting a more thorough mechanical disintegration of the cane-tissue. These may 
be conveniently considered under three sections (o) Defibrators, (6) Bessemer’s press, and (c) 
Bonnefin’s rasper. 


a. 'Defibrators. — This term (Fr. dejihreur) is employed by several inventors. In Mignon et 
Eouart’s, the cane is reduced to pulp, and by subsequent pressure, 77 per cent, of juice is said to be 
separated by the first crushing, and a further 25 per cent, on the weight of the begass by a second 
operation. The machinery is in operation in Guadeloupe. 

Fanre a defibrator, made by Manlove, Alliott, Fryer, & Co., is shown in perspective in Fig. 1342, 
and in horizontal section in Fig. 1343 : u is a shaft carrying a cylinder, whose siurface is provided 
with teeth ru nni ng in a helical direction ; 6, a strong frame ; an articulated cane-carrier receives its 



motion from the defibrator itself; c, inclined plane bringing the canes in front of the cylinder - e 
strong spur-wheel fixed to onaend of the shaft a. and receiving motion by a pinion/; g, pinfen 
fitted to the other end of the shaft a, and communicating movement to another spur-wheel K 
in front of which is another toothed wheel i for a pitch-chain ; m, drum of polygonal form 
keyed on to the shaft a, and to which are attached the toothed defibruting-plates n ; o, a double 
counter-plate, formed of two distinct parts; the front part is on the feed side, where the’openino- is 
wider, and its teeth project in the same direction as those of the drum, although inclined inversely 
their object being to rectify the position of 

canes which are presented endwise ; the back '341. 


or working counter-plate at the outlet side 
has teeth which project in the opposite direc- 
tion, and effects the defibration of the canes, 
which it arrests and rolls on, crushing them 
under the teeth of the drum. The small 
quantity of resulting juice passes through 
little holes in the counter-plates, into the 
channel p, whence it is conducted to the juice 
expressed by the cane-mill. The canes are fed 
by hand or by the carrier broadside-on upon 
the inclined plane which conveys them in 
front of the defibrator. The object of the ma- 
chine is to prepare the cane for the ordinary 
cane-mill, by breaking up the fibres and knots 




lengthwise. It is stated that by its use the yield of juice has been increased from 70-71 to 7S-82 


h. Bessemer’s press. An account of the cane-squeezing machine invented by H Bessemer ■ 
1849-52 is not necessary, as many such accounts already exist, and the machine never came in' 
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general use. Tlhe machine insisted of plungers working in cylinders, across whose path the canes 
were passed endwise, and were thus crushed section by section. When applied to &eshly-cnt canes 
in the W. Indies, the results fell short of the ordinary 3-roller cane-mill. 

c. Bonnefin’s rasper. — Fig. 1344 shows a side view of the apparatus, and Fig. 1345 a back view of 
the frame of saws, a is the rack in which is placed the bundle of canes to be cut ; 6, a frame carrying 
a number of parallel saws c. The lower end of each saw has a rod d passed through it, and the 
saws are kept apart by distance-pieces slipped on to the rod and interposed. The upper ends of the 
saws hook over a rod c, and are similarly kept apart; they are clamped and held by the screw-nut/ 
screwing on to the end of the rod. The lower end of the saw-frame is jointed to rods, free to move 
to and fro in guides in the direction of the arrow. The upper end is jointed to a crank g, to which 
a revolving motion is given. The saws will thus alternately move through the cradle, cut through 
any canes placed in it, and move back into the position shown by the dotted line x-y, so as to be 
ready to act upon a fresh bundle of canes. When the cane has been rasped to shreds, it is reduced to 
pulp by disintegrating apparatus, and then the juice is separated by pressure. The predecessors of 
this plan were Manfold’s sawdust method and Murdoch’s system of cutting obliquely and disin- 
tegrating. 

Maceration . — It has been sought to facilitate the extraction of the juice by submitting the cane to 
the action of water or steam, either before the crushing operation in the roller mill, or at an inter- 
mediate stage between two such crushings. It seems to be undecided whether the satiuation or 
the extra crushing should be credited with the increased yield of juice. Probably both assist ; but 
it has been stated that the return of juice is raised from 60 per cent, to 75 per cent, by previously 
slicing the canes lougitudinally, without any application of water or steam. 

Several methods have been devised for carrying out the saturating process on a practical 
scale, known as “ maceration ” or “ imbibition ” processes. The most important of these is 
Duchassaing’s, shown in Fig. 1346. The mill a receives the canes and crushes them, giving 68 per 
cent, of juice. The 
begass falls upon an 
endless cloth 6, which 
conducts it to a se- 
cond mill c; d is a 
tank containing boil- 
ing water ; e are 
tubes terminating in 
pipes / parallel to 
the endless cloth, 
which sprinkle water 
from the tank d upon 
the begass passiug 
from the first to the 
second mill ; g are 
beaters which turn 
the begass and thus 
equalize the imbibi- 
tion ; A is a tank 
which receives the 
juice from the mill 
c ; i is a monte-jns 
which sends this 
juice, if its density 
is not sufiiciently 

great, into the tank d, to serve for a second maceration of new begass, or, if it is dense enough, by 
the joint k to the defecation. The endless cloth h dips so that the portion between q r immerses the 
begass in boiling water contained in the vessel mnop, thus increasing the maceration. Since the 
apparatus has come into extensive use, it has been simplified by dispensing with the beaters g and 
the vessel mnop. The system raises the yield of sugar from 9-40 per cent, on the cane to 
11 '04 per cent.; it received an award of 40001. from the General Council of Guadeloupe 
in 1876. 

It may be mentioned on the authority of Col. Thomas P. May, the well-known American author, 
who was formerly a large sugar-planter in Louisiana, that auxiliary mills (double crushing) have 
given highly satisfactory results in Louisiana during the season just ended (1881-2). These mills 
are being erected by Leeds & Co., for over 50 years the largeot makers of sugar-machinery in that 
state. Five rolls are the number adopted by this firm, and, on the Poydras plantation, one of 
these mills yielded the unusual result of 126 lb. of sugar from 1 ton (2000 lb.) of canes. 


1346. 
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Diffusion.— m the processes hitherto described for extracting the juice ftom the cane hare 
depended for sncoess upon the more or less complete rupture of the jnice-containing nalli^ 
“Diffusion” differs from them essentially, in dispensing with the breaking up of the cells, 
and the machinery required therefor. The chief development of the diffusion process has been 
in the beet-sugar industry (see pp. 1842-6), but several methods of applying it to cane have been 
introduced. The cane is even said to possess an advantage over beet with regard to diffusion, in 
that the nitrogenous nmtters are so placed in tlie secondary cells that water at a high temperature 
can be used without injuring the membrane. 

Slicing-machines. The first operation is to reduce the cane to diagonal slices 8-4 in. long, and 
in. thick. One of the most successful machines for this purpose is that made by A. Jouin et 
Cie., Paris, extensively used in Guadeloupe, and shown in Figs. 1347-1350. It consists of a disc, 
the periphery of which, formed like a truncated cone, either simple or double, is armed with a 



senes of blades, whose mchnat.on with that of the periphery is such that the sliced matters are 
dnven by centnfu^l force away from the wheel. A pair of feed-rollers, placed in fmntTf th^ 
disc, pass forward the canes to be cut, at a speed proportioned to the capacitv of the machine 
the thickness of slice desired. The apparatus is supported on a foundatiln-plate fixed to IhJ 

w ^ surrounds the machine, to present the slits 

being scattered, and make them fall into the pit below, whence they can be v^thdrawl in Z 

^1™!““““’ orLZ 

Bouscaren’s System.— This system, introduced into Guadeloupe bv L F O Tinn 
shown in Figs. 1351-2 The cane as sliced at c is conducted in measured' quantuS tnaTh in 
succession of a circuit of 12 open di^ r, consecutively subjected to elevationand depreslrt m 
to onuse the hquor to flow by gravity from one to the other. Each has a steam-chamber for hiring 
ite hquor, tha the albuminous impurities in the cane may be coagulated before they mini Sh 

r "fn ”®i circuit upon an alular irWe 

inclined track 6, slowly and continuously rotated, each diffusor being held by vertical^idT„ 





CANE-8UGAE. 


1881 


The bottom of each is kept in constant commnnication with the top of the one next below, by means 
of an extensible pipe. The apparatus is provided with means of agitating the contents ; a series 
of straining-diaphragms and devices for keeping their meshes open, so as to retain suspended im- 
purities without interrupting the flow 
of liquor; and mechanism for dis- 
charging the spent contents and 
cleansing the vessel, without inter- 
rupting the operation, and for strain- 
ing and delivering the solid refuse. 

At Monrepos, Guadeloupe, with an 
apparatus consisting of 6 diffusers, 
juice having a density nearly equal to 
that of the natural juice is obtained, 

1 J hour being sufficient for extracting 
the sugar. The yield of white sugar 
amounts to 121-13 per cent, of the 
weight of the cane. 

Eobert’s System. — Julius Eobert’s 
process, sufficiently familiar to those 
engaged in the beet-sugar industry 
(see pp. 1843-4), is coming into use 
among cane-planters. The machinery 
required comprises a 45-H.P. steam- 
engine, cane-cutters, diffusion-vessels, 
and a heater. The cane-cutters are 
constructed by Franz Eebioek, of 
Vienna ; they make about 223 rev. a 
minute, effect a clean sharp cut, ellip- 
tical in shape, 3-4 in. long, and a-Jj 
in. thick, and slice up a minimum 
average of 6000 lb. an hour. The 
elliptical cut severs the maximum 
number of central cells, wherein the 
sugar is said to chiefly reside. The 
diffusion- vessels are of light boiler- 
iron with cast-iron bottoms. They 
measure 120 cub. ft., and contain 
about 4200 lb. of cane-chips and 3250 
lb. of water, 10 forming a battery. 

Each vessel has 5 pipes — for water, 
to send juice to the heater, to receive 
juice from the heater, to discharge 
juice into the clarifiers, and to pass 
juice from one vessel to another, be- 
sides one direct from the boiler for 
steaming purposes, and one for dis- 
charging the water from the vessel be- 
fore emptying the exhausted chips. 

The vessels have a manhole at top 
for receiving the chips, and another 
4 ft. sq. next the bottom for discharg- 
ing the exhausted chips. The concen- 
trated juice is drawn from the vessel 
through a perforated false bottom. 

The heater, of boiler-iron, and in direct 
communication with the steam-boiler, 
is used for heating the juice on its 
passage from one diffusor to another, 
as it traverses a system of copper pipes 
completely surrounded by steam. 

Hydrostatic pressure is used in passing juice from one vessel to another, through the heater, and 
into the sugar-house ; this is obtained by a water-tank of 1500 gal. capacity, placed about 20 ffc 
above the diffusers. As soon as vessel No. 1 is filled with chips, and while No. 2 is being filled. 
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direct steam is let in until it b^ins to escape at the top. Steam is then shnt oft and water is let 
through the heater until the vessel is full, when the manhole is closed. No. 2 being filled with 
chips and duly steamed, water is again let down from the tank through the heater into No. 1, driving 
the liquid into No. 2 through the connecting-pipe. No. 3 is filled, steamed, and charged with juice 
through No. 2, in the same way. When No. 4 is filled with chips, cold water is let directly from 
the tank into No. 1, driving the juice which was in it through the heater into No. 2, and from 2 to 
3 and 3 to 4. Next, cold water is run into No. 1, and from No. 1 to No. 2, from No. 2 through the 
heater into No. 3, then directly into 4 and 5, and so on, care being taken to preserve the tempera- 
ture of the last vessels filled at about 88°-93’ (190°-200° F,). AV’hen the hot juice has passed 
through No. 7, it is sufficiently concentrated, and is discharged into the sugar-house; No. 1 is now 
emptied, and No. 2 becomes the first vessel in the battery, and the work goes on as before, there 
being always 7 vessels working, one emptying and two refilling : so that practically, when the work 
is in full operation, as fast as one vessel is filled, a charge of concentrated juice goes into the sugar- 
house, and one vessel with exhausted chips is emptied. The exhausted chips are discharged 
through the large manhole near the bottom of the diffusor, end received on a carrier which 
drops them into the begass carts. A vessel is emptied by two men in 6-8 minutes, including 
opening and closing the manholes; filling requires 12-15 minutes. 

The normal condition of the battery in regular working order is : — 


No. of 
VesseL 

Temperature of 
Juice. 

Specific 

Gravity. 

Saccharo- 
mi'ter 
at F. 

Baume 
at 63*^ F. 

Remarks. 

I. 

21° (70° F.) 

1’ 00030 




II. 

29° (85° F.) 

1 00310 




III. 

32° (90° F.) 

1-00544 



These figures cor- 

IV. 

49° (120° F.) 

1-01134 


1-6 

respond to cane-jmee 

V. 

93° (200° F.) 

1-01618 

4-12 

2-3 

0f7rB. 

VI. 

87° (189° F.) 

1-02537 

6-45 

3-6 


vu. 

91° (196° F.) 

1-04599 

11-40 

6-3 



The density of diffusion-juice in practical working is 1°-1J° B. leas than that of the raw juice, 
which gives an excess of water to be evaporated amounting to 16-20 per cent. ; this entails an 
additional expense of about SJd. on every 1000 lb. of cane, estimating wood at 12s. 6d. a cord (8 ft. 
X 4 ft. X 4 ft., about J ton), and coal at 3s. 1 Jd. a bar. (200 lb.). 

The comparative characters of mill- and diffusion-juice are stated thus : — 


Mill- Juice. 


IHffusion -Juice. 

1-05746 

.. Specific gravity 

.. 1-04620 

11-80 per cent .. 

Crystallizable sugar 

.. 9 ’65 percent 

1-68 

Uncrystallizable,, 

1-38 „ 

0-62 „ 

.. Foreign substances 

0-42 „ 

14-10 

.. Saccharometor 

11-45 


Diffusion ordinarily extracts nearly 83 per cent, of the juice, leaving 17 per cent, in the chips 
and refuse water. More can be obtained by continuing the process, but there is a point beyond which 
it does not pay to go, because, by drawing off more, less cane is worked up, and the greater amount 
of fuel required to evaporate the extra water is not paid for by the additional sugar. The 
83 per cent of juice sent to the clarifiers gives : — 

Crystallizable sugar 8'81 per cent 

Uncrystallizable „ 1'25 „ 

Foreign substances O’ 46 „ 

The loss by clarification, skimmings, and sediments amounts to about 6 per cent, on the juice, 
or 4’98 on the cane ; therefore the juice really obtained in green sugar is 78 per cent of that pre- 
sent in the cane. Of this, — 

8 ’28 per cent, is crystallizable sugar. 

1’17 „ „ uncrystallizable „ 

O’ 43 „ „ foreign substances. 


! on the weight 
of the cane. 
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A week’s run otthe process in Louisiana, working up 987,945 lb. of cane, gave : — 



i 



Molasses > 


Percentage of 

•sl 






Obtained. ' 

■e 5 




■mZ 

C 33 

S 2 

In 1 
hhds. 1 

In lb. 1 ^ 




§ c 

3 

Molasse 




l8t 2 nd 


- 

2nd ! 


a 


CO 












Saccharo- 

meter. 


Prod act. 

! o 

Product. 1 

sS 

a 

o 

3 


of Cane. 

14-10 

11-45 

82-92 

29 14-5, 

i 

35595 

16111 ' 51706 

100 

4249 50778 102,484 |5-2345-193 

i i 1 1 


7be water re(^uire(i to work tlie diffusion apparatus is about one ton to every ton of cane j 
it is important to have pure water, as it has a great influence on the quality of the juice. Water 
containing organic impurities in partial decomposition would add to the juice similar elements of 
fermentation to those which the process aims at leaving in the cells of the cane. About 6-7 per 
cent, of the water is saved, if, instead of emptying the water from the vessel containing exhausted 
chips, it is forced into the next. A peculiar difference exists between mill-juice and diffusion-juice, 
in that the latter requires longer to crystallize when brought to syrup. Besides this, by the 
continued application of high temperature, part of the crystallizable sugar is inverted, as proved 
by the excess of molasses. In the matter of rapidity of crystallization, diffusion-jnice apparently 
labours under a disadvantage as compared with mill-juice; but this is obviated by supplying 
more receivers for the syrups, and by heating the “ coolmg-room.” The begass forms an excellent 
material for paper-making. The chief drawback to diffusion is the large quantity of water 
required, which, though much of it can be utilized for condensing purposes, represents a proportionate 
extra evaporation and extra cistern space ; but under favourable circumstances, the larger yield 
of sugar more than compensates for the extra cost. 

The Eobert process is in use at the Aska works, Ganjam, Madras, where the sugars made by it 

analyze : — 


Froji Oncharcoaied Juice. 

From Charcoaled Juice. 

Using a dense char of 62 lb. per cab. ft., 
ID proportion of about 0*6 times the 
■weight of dry sugar obtained. 

Sugar, crystallizable . . 

„ uncrystallizable 

Ash 

Water 

Unknown 

Jfasse- 

cuite. 

Aska. 

1 

B. 1 

Masse- 

cuiie. 

<5> 


76-000 

12-740 

1-507 

5-110 

4-643 

95-500 

2-650 

0- 306 

1- 000 
0-544 

99-500 : 99-600 
0-230 1 0-240 
0-103 ; 0-036 
0-150 j 0-100 
0-017 : 0-024 

1 

80-000 ' 99-500 

11-920 1 0-210 

1-917 : 0-067 

5-290 [ 0-035 

0-873 ! 0-188 

99-100 

0-470 

0-072 

0-080 

0-278 

1 100-000 

100-000 

100-000 j 100-000 

100-000 

100-000 

100-000 


Aska is masse-cuite simply spun ; B and are made by washing the Aska in the centrifugals with about i gaL 
of water to 150 lb., and are marked according to grain and colour; is of 1877 manufacture, and hence the com- 
paratively large quantity of uncrystallizable sugar, produced by damp and beat during the long storage.. 


The system has been quite abandoned in Louisiana, after prolonged trial. 

Pumps and Almte-jus . — As the apparatus by which the juice is extracted from the cane is 
generally situated on the ground floors of the building where the operations are conducted, it 
becomes necessary to adopt means for raising the juice into the vessels where it is to undergo 
purification and concentration. This is not the case in Louisiana, where the mill is usually placed 
at sufficient height to permit the juice to descend by its own gravity throughout the operations. 
Force-pumps, worked from the mill, possess many disadvantages, including limited capacity, 
churning of the liquid and consequent admixture of air, and contamination of the liquid with the 
grease used in their lubrication. They soon gave place to the monte-jus (“ juice-raiser copied from 
the French. This is made in many different forms, one of which is shown in Fig. 1353. Its body 
consists of two chambers a b, separated by a steam-tight diaphragm ; the upper chamber a receives 
the juice to be elevated while the charge in the lower chamber 6 is in course of elevation. When 
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the lower chamber b ia empty, the valTe e ia raiaed by tnrmng the handle d, while the tap of the any 
pipe e is opened. The juice contained in the upper chamber a immediately deacenda through the 
Talve c, any air that may have been imprisoned in the chamber 6 escaping through the air-pipe e. 
This air-pipe extends about 6 in. into the lower chamber 6, for the purpose of ascertaining when the 
chamber is sufficiently full, the escape of air through the pipe e being stopped as soon as the juice 
reaches its lower end. The cessation of the whistling noise made by the air rushing through tlw 
end of this pipe e constitutes the signal for screwing down the 
valve c, to prevent any further flow of juice into the lower 
chamber b. The air-tap is then closed, and the steam-tap / of 
the steam-pipe g, communicating with the boilers, is opened, 
when the empty space between the surlhce of the juice and the 
top of the lower chamber 6 fills with steam, which drives the 
juice out through the dischai^e-pipe A. As this pipe is carried 
down to within a short distance of the bottom of the mante-jus, 
nearly the whole of the contained liquor is forced out of the 
lower chamber b. As soon as any indications of steam appear 
at the month of the discharge-pipe, the steam-tap / is shut, and 
the valve c and air-tap e are opened to let in a fresh charge. It 
will thus be seen that the action of the monte- jas is exceedingly 
simple, only one precaution being necessary, viz. to shut the 
valve c, through which the juice is running, in time. If the 
juice be allowed to reach the top plate of the chamber b, the 
steam, when let in through the pipe g, will mix with and boil 
the juice, but will not elevate it ; considerable difficulty and 
delay sometimes arise from this circumstance. As a precan- 
tioD against carelessness, an overflow-tap » should be fitted to 
the shell of 6, a few inches below the top, so that the super- 
abundant juice might be drawn off. The juice, as it comes 
from the monte-jus, ia sufficiently warmed to retard fermentation 
on its way to the clarifiers. 

While this instrument remains by far the most generally 
adopted means of raising juice, it has been objected that its 
interior ia not readily accessible, and that it is therefore difficult 
to keep clean, whereby fermentation may be caused in the 
juice. It ia also urged that the liquor is diluted by the admix- 
ture of condensed steam. Hence, in many cases, the monte-jus 
has been replaced by centrifugal pumps. In favour of these, 
it is advanced that there are no valves nor other mechanism 
to become a refuge for dirt, no air nor steam is forced into the 
liquor, and, with properly adjusted arms, the juice is raised in a solid column without churning. 
Many statements, however, point to the fact that the churning is often seriously worse than with 
the monte-jus. In the best central factories, steam in Xhomonte-jus is replaced by air under a pressure 
of 60 lb. a sq. in., thus obviating most of its drawbacks. 

Defecatioit Aim CLAnincATioir. — Having, by any of the methods described, extracted as 
much as possible of the juice from the cane, the next operation is to eliminate from that juice all 
matters regarded as impurities from the sugar-maker' s point of view, i. e. everything except the 
sugar and the water holding it in solution. 

Preliminary Straining.— First of all, unless the juice has been extracted by diffusion, it is 
necessary to remove the gross impurities derived from the breaking-np of the canes. This may be 
done by a series of strainers, arranged so as to be easily removed, cleaned, and replaced. One of 
the best contrivances is a modification of the endless wire-web strainer, not essentially different 
from that on which the rag-pulp of paper-works is agitated and filtered from a great part of its 
water. The wire-gauze in common use has 40-60 threads per in., but it can be obtained of 80-90 : 
the finer the better, provided the web presents a clean surface as fast as necessary. The 
strained juice is received in a shallow tray placed immediately under the horizontal part of the 
straining web, and passes thence by a gutter to the clarifier. 

The chief means introduced for cleansing the jnice are heat, chemicals, and filtration. 

Seut . — Heat alone will exercise beneficial effect both by checking acidity — scalding the juice 
prevents acetous fermentation setting in, probably by destroying the fungoid germs which are its 
necessary accompaniment (presumably its cause); and by evaporating a portion of the acids 
holding the albuminous matters in solution, whereby the albumen is coagulated and rendered 
insoluble. It is also a valuable aid to the action of chemicals upon the juice, increasing the 
energy^ of the reactions set up, and thus greatly reducing the duration of the operation. Hence 
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heat is now nniversally availed of in recognized processes of defecation and clariflcation. But if 
the heat is applied injudiciously, much of the crystallizable sugar is inverted. 

Steam Defecators and Clarifiers As the degree of heat employed is a matter of vital im- 

portance, it is most conveniently applied in the form of steam, that being readily controlled. 
Figs. 1354 and 1355 represent respectively an elevation and plan of a steam defecator made by 
Fawcett, Preston, & Co., Liverpool. The part B is composed of a copper, spherically-shaped lining, 
mounted in a cast-iron casing, to which high-pressure steam is admitted. The upper part A is a 
light curb of copper or iron to give capacity, and is clothed with lagging to prevent escape of heat. 
C D are pipes for juice and water; E is the steam-cock; F, the cock for drawing oS the defecated 
contents ; and G, a swivel-mouth pipe to direct the contents of the defecator as required into the 
dear-juice gutter, the turbid-juice gutter, and the washings-gutter. As the steam condenses in 
the double bottom of the defecator, the water flows away through the condense-water box H. 

Lately many planters have adopted another system of defecating. Instead of providing 4, 8, or 
12 separate defecators, with corresponding equipment of double bottoms, cocks, and pipes, they 
ratablish a powerful juice-heater, or vessel full of tubes fixed between two tube-plates. The steam 
is outside the tubes, and the juice from the miU traverses the space inside the tubes. If the mill 
gives 1500 gal. of juice per hour, a heater with 300 sq. ft. of surface will deliver the whole into 
say 3 empty tanks of 500 gal. each ; there the juice is defecated and left to subside. By using a 
juice-heater and 3 tanks, the same result is obtained as by a costly steam-boiler working at high 
pressure and 4 very costly defecators with their mountings. 

1351. 1356. 
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Figs. 1356 and 1357 represent elevation and plan of a steam clarifier and evaporator, made by 
Fawcett, Preston, & Co., Liverpool, which is used for treating the syiup after it leaves the triple- 
effect (see p. 1895). It is a cylindrical vessel provided with a steam-worm B fitted in the lower 
part ; at the upper part, a border and gutter is formed, into which the scum is brushed as it rises 
on the syrup. The condensed steam in the shape of hot water passes through the bos D, whieh has 
a float and cock to prevent uncondensed steam from passing uselessly away. The exterior A is 
lagged to economize steam by preventing the syrup from cooling. Every means must be adopted 
to save heat and fuel in a sugar factory, as it may be stated generally that 240 H.P. of steam are 
required to make a ton of sugar per hour, or 20 H.P. per hour for 12 hours ; and in many sugar- 
pr^ucing countries, coal at the furnace-mouth costs 3/. a ton. 

The use of the clarifier may be described in general terms as follows. The juice is raised to a 
temperature of 80° (176° F.), and sufiScient milk of lime is added to neutralize the acid in the 
juice. The heat is then continued till a scum of impurities has risen to the surface, and com- 
mences to crack. The time occupied in this should be about 10-12 minutes from the commence- 
• ment of the operation. The steam is then shut off, and the liquor is allowed to subside for 15-20 
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minutes, when the scum remains at the top ; some heavy matter will have fallen to the bottom, 
and between them will be the clarified cane-jnice, clear and of a pale straw-colonr. The 
clarification being complete, the two-way cock is first tamed on to the smaller apertnre, nntO 
the top scum begins to appear ; the cock is then turned to the large way, and the ping is 
taken ont. The bottom sediment and top scum are conveyed to a cistern, whence they are placed 
in bags, and any jnice remaining in is squeezed out, leaving only a small portion of solid matter 
behind. 

Chemicals. — Of these, the most important and most widely used is slaked lime ; following it 
come bisulphite of lime, snlphuions acid, lead acetate, and sundry special compounds, as well as 
antiseptics. 

Lime. — Tlie effects of heating are greatly augmented by the simultaneous application of a strong 
alkaline earth, such as lime, which combines with the liberated acids, and with any carbonates 
present, and thus forms an insoluble precipitate, which carries down much of the impurities. But 
any excess of lime beyond what is required to neutralize these acids will re-dissolve the coagulated 
albumen, and preserve it in a state of solution, until the excess of lime is again neutralized by addition 
of acid. The operation, which is called “ tempering,” is thus obviously one of extreme delicacy. 
The first point to ascertain is the exact amount of lime required by a given quantity of cane-juices. 
A bottle containing exactly 250 septems gal.) is filled with filtered cane-juice of known sp. gr., 
and the juice is transferred to a beaker over a spirit-lamp, and stirred occasionally with a glass 
rod till it boils ; after boiling for about a minute, clear saturated lime-water is poured in, a few 
drops at a time, till the jnice shows a neutral reaction. The beaker is then taken off the lamp, 
and its contents are allowed to settle for a minnte. If a coagulum of large flakes floats about 
in the transparent slightly-coloured liquid, and readily separates and subsides, the points of 
neutrality and of proper clarification coincide. The exact number of septems of lime-water used 
is then noted. If the floccnles are small, and do not readily separate, the juice if boiled would 
throw up scum, and is not properly clarified. More lime-water is added till the indications of 
proper clarification are attained. The juice will now have a deeper tint than if excess of lime had 
not been required. The total number of septems of lime-water being noted, the calculation as to 
how much quick-lime is required for a given number of gallons of juice is ; — If 250 septems of 
cane-juice required 20 septems of lime-water to render it neutral, and 10 more for clarification, 
then 30 X 40 = 1200, the number of septems of lime-water that 1 gal. of juice would have taken ; 
saturated lime-water at the temperature common in tropical boiling-houses contains 0- 00862618 
gr. of quick-lime, therefore 1200 x 0'00862618 = 10‘351416 gr. of quick-limc required by 1 gal. 
of jnice. As a rough rule, the proportion of 1 septem of lime-water to 250 septems of Cane-juice is 
nearly equal to IJ dr. of quick-lime to 100 gal. of juice. Hence the number of the teat, multiplied 
by IJ dr. gives the weight in dr. of quick-lime required for 100 gal. of juice. This result is 1 per 
cent, too little. The test should be frequently repeated. 

In the test, saturated lime-water is used, because it is easy to have it of uniform strength ; but 
on the large scale, to use lime-water would entail great dilution of the juice, and waste of fuel in 
the subsequent evaporation. Hence “ milk ” or “ cream ” of lime is resorted to. The lime used 
must be thoroughly burned, quickly slaked with clean water (enough water being used to 
impart a creamy consistence), and csjefully filtered through a very fine wire sieve, to remove all 
fragments of flint and unbumt and unslaked lime. The weight of these impurities removed must 
be deducted from the amount of quick-lime originally taken. Quick-lime can only be kept in 
perfect condition in closed vessels. The juice being tested as to its density and acidity, and the 
milk of lime being prepared, the twin process of defecation and clarification commences. 

There are several ways of carrying it into operation. One of the most simple is that known as 
“ cracking.” It necessitates the use of two or more clarifiers, and is conduct^ as follows. The 
strained juice is admitted into the clarifier tiil sufiicient has accumulated to prevent injury by 
heat. Fire is then made under the clarifier (or steam is admitted into the jacket or coil), and by 
the time it is full of liquor, the temperature will have risen to about 54° (130° F.). The “ temper- 
lime” is then thoroughly incorporated, and the heating continued. A thick greenish -yellow scum 
appears on the surface, and increases in thickness, changing colour from exposure to the air- at 
about 79°-82° (174°-180° F.), numerous minute air-bubbles form a frothy layer under the thick 
scum, by and by forcing their way at a few points through the scum, which soon cracks, and shows 
the bubbles. The heat is then quiekly withdrawn, and the contents of the clarifier are allowed to 
rest for 15-30 minutes or more. Ebullition is avoided, because it would break up the floating 
scum and diffuse it through the mass. The time allowed for settling depends on the nature of 
the juice and the proper apportioning of the lime. After settling, there is a layer of coagulum at 
top, and a precipitate at bottom, while the body of the liquor is bright and transparent, with a more 
or less deep sherry-tint, and minute flakes floating thick in it. If it is hazy, the heat has not 
been enough to clarify, or the lime has not been sufficient. After standing, the clear liquor is 
run off into the filter, and thence to the evaporating apparatus ; the scum and sediment, with the * 
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oonsidemble quantity of juice that invariably accompanies them, are usually run off to the 
akimmings-cistem, to be used in setting up liquor for mm (see p. 228). 

When the clarifier has a steam-coil or -jacket, little loss of time occurs, for as soon as enough 
liquor is in the clarifier, steam is turned on so as to attain the desired temperature by the time 
the vessel is full. Fire-clarifiers are discharged by a stopcock near the bottom, till the liquor 
begins to run muddy ; steam-clarifiers, by a valve in connection with a tube that rises 4-6 in. above 
the bottom, so as not to disturb the sediment. 

This methoii is open to the objections that : — (1) Clarification is rarely attainable below the 
boiling-point of the juice, consequently the juice wants brilliancy and transparency, and minute 
floating particles render the filtration unsatisfactory; (2) the floating matter is thrown up as scum 
during the concentration, causing waste of juice in the skimmings. 

Dr. Shier’s modification is as follows : — The strained juice is boiled briskly for 5 minutes, the 
scum being constantly beaten down. While boiling, the proper quantity of temper-lime is added 
mixed with clay-batter, gypsum, or whiting-batter ; the boiling, stirring, and beating down are con- 
tinued for a few minutes. Neutralization being effected, the whole contents are rapidly withdrawn 
into a snbsider, and left till the coagulated flocculent matter has subsided. The clear juice is drawn 
off and passed through a filter into a cistern. Here, excess of lime is corrected by careful addition 
of dilute sulphuric acid. It is safest to cease adding acid when the alkaline reaction becomes 
extremely feeble. Were the lime in excess, the sugar would be dark-coloured ; were the acid in 
excess, the grain would be fine and soft, and part of the sugar would become uncrystallizable. 
The addition of heavy matter to the temper-lime causes the impurities to form a sediment which 
may be filtered off, instead of a scum which needs skimming. It is said to effect a great saving of 
juice. Clay-batter is prepared from stiff clay (containing as little sand and organic matter as 
possible), well dried, crushed to powder, and screened through a wire-gauze sieve of lO-l-I threads 
per in. The sifted clay is mixed up with clean water to the consiotency of cream or batter. About 
4-8 gat. of this batter, mixed with the cream of lime, go to 500 gal. juice. Gypsum or whiting used 
in place of the clay must be in very fine powder. 

Howard’s process, strongly recommended by Wray, is as follows ; — The juice is strained and 
gently warmed ; for each 100 gal. of juice, 2 oz. of finely-sifted quick-lime, made into a cream with 
water, are added ; the whole is well stirred, and heated to 82° (180° F.), until a thick crust forms 
on the surface, and shows a disposition to crack. This occupies 15-20 minutes after the addition 
of the lime ; if it is very slow, the heat may be raised to 93° (200° F.), but not beyond. When the 
crust shows signs of cracking, the fire is stopped ; the liquor is allowed to rest for 10 minutes, and 
drawn off through a fine strainer into a “ precipitator.” Here the firing is urged as high as possible 
without actual boiling, the rising scum being constantly skimmed off. The liquor is then boiled, 
continuing the skimming for 10-15 minutes, after which, the “ finings ” are well stirred in, and the 
boiling is prolonged for another 2-.8 minutes, when the whole is thoroughly agitated, quickly run 
off into a subsiding-tank, and allowed to rest for 2-6 hours before passing through charcoal-filters 
into the evaporators. 

The “ finings ” are thus prepared. Well-burnt lime is slaked with boiling water so as to form 
a cream ; an equal bulk of water is added, and the mixture is boiled for some minutes, until the 
lime assumes the appearance of fine curd ; the extraneous matter is then washed away, and the 
lime and liquor are run through a fine sieve. About 2j lb. of alum for every cwt. of solid sugar 
(say 100 gal. of cane-liquor) is dissolved in 6 gni. of water, adding about 3 oz. of whiting (purified 
chalk) for each 2J lb. of alum, the mixture being stirred until effervescence ceases. It is allowed 
to subside, and the solution (containing sulphate of potash, which is very injurious to sugar) is 
drawn off from the precipitated matters (alumina and sulphate of lime). After this, the precipitate 
is well shaken up with the prepared lime-curds, which are in such proportion that turmeric-paper 
barely changes colour by immersion in it, and recovers its yellowness when dry. The finings settle 
to the bottom of the vessels, and, after draining off the supernatant liquor, are placed on blanket- 
filters, until the mass contracts, and cracks on its surface ; the finings are then fit for use. Cane- 
liquor is added in such proportion as will bring it to a creamy state, and then the whole is mixed 
equally into the liquor to bo fined. The clarified cane-liquor remains for several hours before the 
bright liquor is drawn off. The object of the process is to procure sulphate of alumina free from 
potash and ammonia (see Alumina, p. 333). The alumina greatly assists the purifying action of the 
lime. (See Eefining.) _ 

Bisulphite of lime. — The bleaching and cleansing action of sulphurous acid led to experiment 
upon its applicability to the defecation of cane-juice, and the first form in which it was employed 
was as a compound with lime, known as bisulphite of lime. About 1 per cent, or less of solution of 
bisulphite is added to the juice immediately it is extracted, or even while it is being extracted. 
Heat is then applied, and after the juice has been boiled and stirred for a few minutes, a mixture 
of cream of lime and clay-batter is added. The exact quantity of cream of lime is ascertained by 
test (p. 1886), sufficient only being used to produce neutrality. After boiling for 5-10 minutes. 
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and beating down the senm, the contents of the clarifier are mn into a snbelder, and thence filtered 
ont for concentration. The subsidence is not efficient without the addition of some weighting 
matter ; but the syrup has a very fine colour, and gives a superior-looking muscovado sugar. An 
objection is the high price of the bisulphite. 

Sulphurous acid. — ^Next came the separate introduction of the lime and the sulphurous acid 
into the juice. This system has grown into very wide use in the United States, W. Indies, and 
other places. There are two principal ways of carrying it into effect : — (1) By first passing 
sulphurous acid gas into the juice, and then adding lime : known as Col. Stewart’s process, 
patented in Louisiana and the W. Indies, and recently adopted in Egypt and elsewhere ; (2) by 
first adding the lime, and then passing the sulphurous acid gas : Beanes’ system, chiefiy employed 
in Cuba, but also in Java and Australia. The effect is probably identical in both cases. The first- 
described plan is far the most common. 

At Aba-el-Wakf, the following plan has been introduced. As fast as the raw-juice tank is 
filled, its contents are raised to the clarifiers, steam at 60 lb. being turned on as soon as the 
bottoms are covered. When the juice begins to boU, it is stirred with a copper pipe, through whose 
lower perforated end, sulphurous acid gas is injected, and allowed to dissolve in the juice, till the 
colour of the latter becomes considerably lighter, and a decided separation of the flocculent matter 
takes place. The quantity of sulphurous acid to be added varies : approximately, 450 gal. would 
require the combustion of lb. of sulphur. The sulphurous acid is forced into the juice by an 
iron pump (with indiambber fiap-valves), whose speed can be adjusted to the quantity required. 
The gas is generated by the combustion of crude sulphur in a cast-iron D-shaped muffle, the 
necessary air being sucked through by the pump ; as the combustion depends on the air-supply, and 
the latter on the speed of the pump, the whole apparatus is self-adjusting. Some 50-60 ft. of 3-in. 
cast-iron cooling-pipe, with numerous holes for removing “ flowers ” as formed, conduct the gas 
to the tanks. 

As soon as the boiling juice is sufficiently “ gased,” milk of lime mixed with China-clay is 
added at the rate of i-3 gal. per 450 gal. of juice, till it is perfectly neutral ; it is then let into 
snheiders to stand till the impurities have settled. The use of sulphurous acid necessitates 
the employment of about 4 per cent, additional lime. The combination of sulpliurons acid and 
lime permits the production of a grey-white muscovado (“ grocery ”) sugar. 

Other Alkaline Earths. — It has been proposed to replace lime in defecation by other alkaline 
earths, such as barium and strontium. Their effect is more powerful than that of lime, but they 
have not come into general use on account of the prejudice regarding their poisonous qualities, and 
the risk of some being left suspended in the sugar. As regards barium, there is no proof of its 
deleterious qualities when present in such quantities as are found in sugar treated with it ; but an 
expert can at once detect the use of any barium salt, by the modified form of the sugar-crystals, 
which modification shows that barium salts are still present, and hinders the sale of such prt^ucts. 

Lime sucrate. — This process is described under Eefining.' 

Lead acetate. — Many years ago Dr. Scoffem employed the subacetate of lead (“sugar of 
lead ”) as a defecating agent, and many inventors have since improved on his method of manipula- 
tion. This carries down many of the impurities as a precipitate, leaving sugar in solution, and 
any possible excess of the lead salt is thrown down as insoluble sulphite by the injection of sulphurous 
acid. Sugar was prepared by this process, without any injury resulting, but an outcry against the 
poisonous nature of lead acetate, and the dread that some might be accidentally left in the sugar, 
caused the process to bo officially condemned. Lead certainly was present in the sugar, but it is 
not known whether it was in a poisonous form or not. 

Sulphur and Chlorine compounds. — One of the most recent innovations in defecating is the 
invention of Eastes, Lukin, and Boyd, of Brisbane, and known as “ Eastes’ process.” The juice 
may be tempered and clarified either hot or cold, but the liquor must be heated to boiling- 
point to coagulate all the albumen. When the juice is in the clarifier, 4-8 oz. of chloride of 
sulphur are added to each 100 gal. of juice, according to the supposed quantity of albuminous 
matter present, the necessary quantity first being mixed thoroughly with a small quantity of the 
juice in a small vessel, and then gradually poured into the clarifier, whilst the liquor is agitated. 
In addition to the chloride of sulphur, in the case of juice containing free aei.l, sufficient lime 
must be used to neutralize it. Sulphide of lime and “chloralum” (chloride of aluminium) may 
replace the chloride of sulphur. After the application of the particular chemical selected, the 
liquor is brought to boiling-point, and allowed to rest for not less than 45 minutes, by which 
time the precipitate will subside, and a perfectly clear liquor remain. Tliis is then mn off to 
be evaporated. 

Sulphur, Lime, and Charcoal.— John McGregor, of Tobago and Trinidad, has recently 
introduced a plan called the “ arvation ” process. It consists in burning sulphur, lime and 
charcoal in a furnace, and conducting the fames into the liquor ; its advantages are nil. 

Yellow Crystals.— The beautiful Demerara “ yellow crystals” owe much of their brilliant colour 
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and transparency to delicacy of tempering. The temper need is lime-water rather than cream of 
lime, the density being only 10° instead of 17° B., and preference is given to rain over trench- 
water. The clarifier is filled with sulphured juice, tested repeatedly, while it is entering and while 
lime is being added, to ascertain the exact quantity of lime necessary : when it is known, the whole 
quantity is for the future introduced before the clarifier is one-quarter foil. 

The exact proportion of temper is decided (1) by the neutral reaction on test-paper, and (2) by 
the appearance of the limed and agitated juice when filled into a foot-glass placed in the light 
and allowed to subside for 5 minutes. The appearance wished for is brilliant transparency com- 
bined with a golden colour. The right quantity of lime is that which will give this result, though 
the liquor may be a trifle alkaline. With inferior juice, colour must be sacrificed for transparency, 
and lime added till transparency is attained, even though the colour be intensified to light-red. 
Too light a colour, which is sometimes compatible with good transparency in the case of superior 
juice, will result in a green-coloured sugar. Over-tempering causes the sugar to turn greyish- 
brown when cured. For the subsequent treatment of the liquor in the vacuum-pan, see pp. 1894-5. 

Fi'tratiun . — Filtration of the juice is a necessary adjunct to the defecation by heat and chemicals, 
its object being the removal of the matters rendered insoluble by these operations. The chief kinds 
used are bag-, charcoal-, and capillary filters. 

Bag-filters. — The construction and arrangement of these are shown in Figs. 1358 and 1359. 
The filter consists of a wrought-iron case a, with openings at b, and an internal flange at top to carry 


a cast-iron box c, having holes in the 
bottom, for the reception of gun-metal 
beUs d. to which are attached the cotton- 
twill filter-bags c. Fig. 1360 shows an 
enlarged section of the gun-metal bell d. 
The bags e fastened to these bells are 
3-6 ft. ciro. and 6-10 ft. long, woven 
without a seam. They are crumpled 
up inside “sheaths” of strong open 
webbing, about 18 in. ciro., which 
restrict their expansion. They are 
arranged in series of 100 or more. 

Cliarcoal-fllters. — Tliese are large, 
slightly tapering, cylindiical vessels, 
generally of wrought iron, witli a per- 
forated false bottom about li in. from 
the bottom. A blanket covers this 
false bottom, to prevent the charcoal 
from being cariied through with tlie 
liquor. Some charcoal, however, alw.ays 
accompanies the first liquor, which is 
caught in a separate receiver, to be 
filtered over again. In filling these 
vessels, the first few inches of charcoal 
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should be piessed compactly down, after which, it is packed lightly but evenly as near to the top as 
will leave a convenient space for the liquor. The object of these filters is to remove the vegetable 
colouring matter from the liquor, together with the fine suspended impurities that have escaped 
the bag-filters. Use is made of both animal charcoal (bone-black) and wood charcoal, but the 
former is in most general favour. (See also Beet-sugar, pp. 1851-4: ; Befining.) 

Capillary filters — A representative filter of this class is that invented by F. A. Bonnefin, of 
Guadeloupe, and made by Corcoran & Witt, 30 Mark Lane, London. It is intended to be used in 
conjunction with Ids “continuous preparator” (see p. 1898), which effects the removal of the coarser 
impurities prior to the tempered juice entering the filter proper. This latter separates solid matters 
from liquid by capillary action taking place through fibres held between surfaces of a yielding 
material, and aided by pressure or suction. The bundles of fibres are usually, for convenience, 
woven into an exceedingly loose fabric, preferably of pure cotton. At one end, they are in contact 
with the mixture to he filtered ; the capillary action of the fibres draws the clear liquid past the 
yielding surface, wliilst the solid matters are left behind. 

Figs. 1361-2 show an elevation partly in section, and a transverse section of one way of arranging 
the filter. The apparatus consists of a central chamber a, to which the material to be treated is 
supplied by a pijie d, pressure being obtained by a pump, or by allowing tlie material to descend 
from an elevated cistern. The two sides of the chamber a are slotted, as shown at 6, to allow the 
free escape of the mateiial on either side. The two faces of the chamber a are also grooved all 
. round, and the grooves are filled with soft iudiarubber c, so as to project above the face of the 
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chamber a. Against the face, is placed the filtering fabric, of snob a size as to overlap the india- 
mbber all around; holes are cut in it, corresponding to the slots b. Against the fabric, is placed a 
rectangular brass frame e, grooved and fitted with indiarnbber in the same way as the faces of the 
chamber a. Another fabric is placed next, then another frame, and so on in succession. The 
alternating series of brass frames, filter-cloths, and indiarnbber terminates in a cover-plate /. 

1361 1363. 




The bolts A, fixed to the chamber a, hold the filter together. The outlet is at ». The material is 
admitted to the filter throughout its whole length by a gutter leading from the feed-pipe. 
Filtration takes place, not through the fabric, which is woven so loosely as to be transparent, but 
from its edges, the pure liquid traversing the fibres longitudinally till it escapes at the margin, 
while the solid matters are arrested, and range themselves concentrically upon the fabric around 
the indiarnbber surface. A filter with plates 15 in. diam. and containing about 30 duplicate 
surfaces of fabric, will pass 120 gal. per hour. The dirty fabrics need only a few minutes' rinsing 
in hot water to cleanse them from the adherent solids, and are at once ready for re-use. The action 
of the filter is purely mechanical, and it is not capable of removing impurities in chemical 
combination or solution. 

Galvanism. — W. Eathome Gill, of London, proposes a system of defecating by galvanism in 
conjunction with chemical agents and filtration. Galvanic and chemical actions are set up by the 
use of zinc strainers and strips, coated with a composition whoso base is clean grease, the other 
ingredients consisting of charcoal, metallic sulphides, silica, alumina, and any insoluble lime salt, 
reduced to powder, and intimately blended. A zinc strainer receives the juice, which escapes by 
the orifices into a surrounding separator, where the lighter impurities rise, while the heavier pass 
into a bed of clean sand. It is claimed that the combined effect of the composition and the 
galvanic action set up in the juice is complete defecation, and prevention of all fermentation. 
But the only efficient part seems to be the sand-filter, which has long been known and appreciated. 

Concentration and Gkani’lation.— The cane-juice, reduced to the condition of a clear solution 
of sugar (with some few salts as impurities) in water, has next to be deprived of so much of its 
water as will permit the sugar to assume a solid (usually crystalline) form. This operation, termed 
“ concentration” and “ granulation,” has been described in principle on p. 1854. The inversion of 
sugar during concentration of cane-syrup is said to be prevented by the introduction of 
superphosphate of lime into the juice before boiling. There is no evidence as to the practical 
utility of this plan ; but phosphoric acid appears rather to aid the crystallization of sugar (see 
p. 1850), and the process would therefore seem to be based on good ground. Both heat and cold 
have been applied to the concentration of cane-syrup, but chiefly the former. 

ffeat—Tha means by which heat is applied to the evaporation of cane-juice may be described 
under five separate heads, according to their principles: — (y) Pans heated by fire, (6) pans 
heated by steam, (c) film evaporators, (d) vacuum-pans, (e) bath evaporators, ( /) Fryer’s concretor. 

a. Pans heated by Fire. — The earliest and crudest system of evaporation was the “ copper- 
wall,” or “ battery ” of open pans called “ teaches ” (taches, tayches, &c.) The first two pans of 
the series are the clarifiers ; thence the juice flows into the teaches, sheet-copper pans set in 
masonry on a descending plane. As the juice concentrates, each lower pan fills up with liquor 
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from the one immediately above it, until the density of the liquor in the “ striking-teach ” permits 
granulation, when the mass is ladled into shallow wooden vessels, and conveyed away to be 
“ cured.” By the oldest method, the liquor was ladled throughout the series. More recently an 
improvement was introduced, consisting of a copper dipper, fitting inside the striking-teach, and 
having at the bottom a large valve, opening upwards and worked by a lever. The dipper is 
attached to a crane, which commands the striking-teach and the gutter leading to the coolers. 
This greatly economises time. The furnace for heating the series is set imder the striking-teach ; 
the heat passes by Hues to the chimney or to the boiler-flue. 

In working a battery, the dilficulty is determining the exact moment when the boiling of the 
“ sling ” in the striking-teach must cease, i.e., when to make a “ skip great skill and experience 
are required to suit each kind of juice. The main point is to bring alxiut crystallization in the 
sling in as great mass as possible after it cools : if the sling be taken out too soon, there will be 
only a few large irregular crystals, and a quantity of sugar will be left in the molasses ; if the 
sling be boiled too long, a sticky mass of tiny crystals and syrup will result, from which the 
molasses can only be drained off with great dilficulty, and from which it is impossible to obtain 
clean, dry, and hard crystals. An experienced “ wall-man ” knows the approach of the striking- 
point ; but a good test is the following : — Pour a spoonful of the boiling sling into a glass of clear 
water ; if, after a minute’s cooling, the sling can be formed into a ball which does not stick to the 
fingers, and slightly flattens itself on the bottom of the glass on being dropped in, the correct 
period has arrived for striking. 

The continued use of the copper-wall is an illustration of the backwardness of the cane-sugar 
industry in many places. Its drawbacks are : — (1) Waste of fuel ; (2) the amount of labour 
required and length of time occupied ; (3) considerable waste of liquor in the sloppy manipulation ; 
(4) the proportion of molasses produced is intensified by the churning-up of the liquor and 
consequent admixture of air, and by the irregular and uncontrollable action of the heat upon the 
surface of the metal with which the liquor is in contact. The temperature prevailing in the 
striking-teach is not less than 110°-113° (2.30°-235° F.) in any part, and much gieater at the 
bottom of the mass. It is therefore not surprising that liquor showing 10 per cent, of inverted 
(uucrystallizable) sugar in the first pan, should have 22-23 per cent, by the time it is finished in 
the striking-teacli. 

6. Pans heated by Steam. — The simplest form of steam evaporating-pan consists of a 
rectangular wrought-iron tank, at the bottom of which is a series of copper steam-pipes, counected 
by gun-metal bands brazed to them, and carried on wrought-iron supports. The tank is fitted at 
the aide with a steam-valve at one end of the steam-pipe range ; at the other side, is a cast-iron 
box, fitted with a wrought-iron pipe, for the escape of the condense-water to a condense-box. This 
form of evaporator presents a large heating surface, with facility for cleaning. By passing the 
ends of the steam-pipe range through stuSing-boxes, the pipes can be turned up, and all parts of 
the interior of the tank be readily cleaned, a matter of great importance. 

Under Pressure. — The 5 steam concentrating-pans erected at Aba-el-Wakf receive the juice 
when it has fallen to a temperature of about 71° (160° F.) Each consists of a copper tray, 23 ft. 
long and 6 ft. wide, heated by a steam-boiler beneath, and covered by a sheet-iron casing which 
coniines the steam evolved from the juice. The steam-boilers work under 60 lb. pressure. The 
heating surface of each tray is increased by 405 vertical nozzles screwed into it; these are of brass, 
cast very thin, and slightly tapered. Their mean external diameter is 2| in., and they project 
44 in. atove the plate. If the juice is in good order, it makes very little foam; if not properly 
tempered, a thick froth soon forms, but appears to condense against the cover, and drop back into 
the boiling fluid. Each particle of juice takes about 18 minutes to pass through the tray, and 
though exposed to the temperature due to 3-4 lb. pressure of steam on its surface, the syrup gains 
hardly more colour than would be due to the increased density. The steam generated from the 
juice is collected into a wrought-iron main, and taken by one branch to the vacuum-pans, and by 
another to the vacuum-pumps and centrifugal-engines, which it actuates, supplying all the power 
necessary for boiling to grain, curing, and raising the water required throughout the mill. A 
great drawback to the use of steam from the juice is its low pressure (3-6 lb.). 

The advisability of concentrating syrup under pressure in this manner has been the subject 
of much discussion. It is usually held that any temperature above 60° (140° F.) is prejudicial to 
sugar solutions, and that above 74°-77° (165°-170° F.) the proportion of sugar inverted to the 
uncrystallizable condition is very large. A perfectly white refined sugar exposed to a temperature 
of 107° (224° F.) for 3 hours becomes quite yellow. The normal boiling-point of syrup at 10° B. 
is about 101° (214° F.). In these pans, the extra pressure of .3-6 lb. of steam means an increase 
of 8°-16° F. in tlie temperature in order to arrive at the boiilng-poiut, which would seem to be 
highly injurious. Long exposure, however, is quite as mischievous as high temperature. It is 
easy to avoid one by incurring the other ; the difficulty is to avoid both. Perhaps the chief harm 
of rapid concentratiou at a high temperature is the violent ebullition of the mass, whereby 
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porKona of heated sniface are momeotarily left dry. The Aba pans, working with a steam 
temperature of 143° (290° F.) on the under aide, and the juice being at 105^° (222° F.), actually 
made leas molasses (Le. inyerted and cliarred sugar) than some more gener.illy-recognized plans. 
Still the system cannot be recommended for adoption where there is no necessity for using the 
water evaporated from the juice. 

c. Film Evaporators. — ^Under this head are particularly inclndetl those evaporators which 
depend upon the principle of exposing thin films of liquid to the action of a heated surface in 
the open air. They are genetically known as “ wetzels ” among planters, and comprise the “ pans ” 
bearing the names of Gadsden, Wetzel, Schroeder, and Bour, and many moditiciitions, some of 
which, such as Murdock’s, have ateam-heated coils. The original form was Aitchison’s simple 
cylinder revolving with partial immersion in the liquid, and heated internally by steam. In its 
revolution, the cylinder carries on its surface a film of liquor, whose water is soon evaporated. 
In the Gadsden pan, the cylinder is replaced by a skeleton cylinder, consisting of two metallic 
discs connected by a series of metallic rods fixed at short intervals around the periphery of each 
disc. Here the drawbacks are the churning of the liquor (except at very low speeds), and the 
insuflBciency of the heat derived from the steam-jacket of the pan. 

Wetzel’s improvement upon this is the substitution of steam-pipes for the solid rods. This 
overcomes the deficiency of heat, and has been very generally adopted, though the churning is not 
reduced. Fig. 1363 shows the Wetzel pan and its special engine, as made by Fawcett, Preston, Sc Co., 
LiverpooL The pan a contains the liquor ; the pipes b are heated by steam passing through them ; 



and the whole cylinder c is caused to revolve by the engine d. Tlio large heating surface enables 
steam at very low pressure to be used, exhaust-steam from the cane-mill engine belng"8ometimes 
utilized for the purpose. By fitting the pipes diagonally (instead of horizontally) between the 
discs, the churning is modified, but not altogether prevented. The greater exposure to the air also 
causes increased oxidation of the juice and inversion of the sugar. 
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Schroeder overcomes the churning by having a jacketed pan fitted with a set of revolving solid 
metallic discs strung upon a square shaft, and fixed about 6 in. apart. The apparatus has the 
additioTial advantage of cheapness, but the heat derived from the steam-jacket requires to be 
supplemented by a coil of steam-pipe winding between the discs, which constitutes an evil. 
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Hour, observing that larger grains of sugar are produced on the discs in Wetzel’s pan than on 
the pipes, concluded that hollow steam-heated discs would increase the evaporating surface, and 
produce better grain. A front elevation of his pan is shown in Fig. 1364: ; and vertical and transverse 
sections of the disc on an enlarged scale in Fig. 1365. a, is the steam-engine ; b, exhaust-pipe to 
heat the revolver; c, revolver consisting of 10 copper discs ; d, copper pan for holding the liquor 
under treatment, and discharged by the valve e at bottom ; /, pipe for carrying off the condensed 
water from pan ; g, pipe for carrying off air and uncondensed steam ; h, safety-valve. The discs 
are mounted on an axis which allows the steam to communicate freely with them, at the same 
time collecting the condense-water and carrying it off at one end. Inside each disc are 2 spooim 
fc, running from the extreme diameter and terminating in the axis, into which the water is 
delivered. Outside the discs c, are small buckets f, which lift the liquor as the discs move round, 
and spread it as a thin film over the surface which is not immersed. The speed of the revolver is 
10-20 rev. per minute. Where steam is plentiful, equally good sugar is produced by the quicker 
speed, and nearly double the work is performed in the tame time. One pan cooks 12 cwt. of 
sugar per hour, from 20° B., as taken from 
the battery, the temperature never exceed- 
ing 77° (170° F.). The distributing-cups 
churn the liquor excessively. 

One of the most recent modifications is 
Pontifex’s, shown in Fig. 1366, The pan 
a contains the liquor to be evaporated, 
within which revolves a coil of steam- 
pipe b. Thus a large heating-surface is 
obtained, without the drawback of churn- 
ing up the liquor. 

It is to be observed that all these forms 
of film evaporator are destined only to 
finish the concentration begun in the ba 
26°-27° B. 

d. Vacuum-pans. — The principles controlling the boiling of juices in vacuo, and the details of 
the construction of vacuum-pans and their accessories, have been already given under Beet-sugar 
(see pp. 1856-7). 

Figs. 1367-1370 show vacuum-pans as used on nearly all large sugar plantations. The grain 
formed from syrups boiled in vacuo is larger and more solid than that from syrups simply concen- 
trated to crystallizing-point in open batteries. A Cuban hogshead will contain only 1600 lb. 
of sugar made in a copper-wall, but 1800 lb. of vacuum-pan sugar. By the use of the vacuum-pan 
also, the planter is enabled to boil his molasses, aud to extract from 1 g.d. some 4-5 lb. of sugar, 
still having a seconil molasses for the distillery. 

Working the Vacuum-pan.— -Tho air-pump is started, and so soon as the vacuum reaches 
26-27 in., the feed-cock on the side of the pan is opened, and suflBcient liquor is drawn in to com- 
pletely cover the first coil ; steam is next turned in, and the liquor rapidly concentrates ; fresh 
supplies are ajlmitted at short intervals, the feed-cock being opened say for 15 seconds at a time, 
until the mass commences to show “ grain.” The grain is fed carefully, the cock being opened 
frequently, and each time the quantity admitted is increased. As the amount of sugar in the pan 
continues to augment, steam is turned into the 2nd and 3rd coils, until, at the completion of the 
charge, the pan is nearly full, or just below the sight-glass. In this way, the grain “grows” in 
size. On the conclusion of the boiling, the vacuum is destroyed, and the charge is run out into a 
tank, and allowed to stand for an hour or two, when a further crystallization takes place. 

It is customary to draw in as much syrup as will cover the bottom cod (when reduced by 
concentration), called “ graining low dowm.” Some prefer to gr.iin higher ; some when the pan 
is half-full. All objection to graining high is that the grain has not so much time to grow, but 
it does not always hold good. A pan taking 7 hours to boil a strike of 8 tons of masse-cuite 
(concentrated juice) grained low, will only take 6 hours if grained higher. The crystals in the 
second case will not be so large, but, in an 8-ton pan, they will be of fair size, even by the quicker 
method. The drawing-in is conducted thus .-—The charging-cock is opened, and shut off again 
as soon as the liquid boils up to the “bull’s-eye” on the opposite side. The contents quickly boil 
down ; the cock is opened again, and shut off as before when the liquor boils to the same height. 
This is kept on until the syrup intended to form grain has been taken in ; roughly speaking, 2000 
gal. of good 18°-20° B. syrup to a 5-ton pan is about the correct amount. 

The granulating-point is easily recognised by a practical pan-boiler: a “pi oof” of the syrup, 
taken between the thumb and finger, should draw to a thread f -in. long ; but this test is of no 
value if the syrup is sticky, resulting from under-tempering or sour canes. 

In boiling for large grain, it is essential to grain low. The grain commences to form’in minute 
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specks : these rapidly increase in number and size, until the whole mass of liquor is filled with them. 
As each lot of syrup ia admitted, it deposits on the grains already formed, causing these to grow 
larger. During granulation, the temperature should nerer be more than TF-TS® (160°-172° F.), 
though raised later on to harden the crystals ; but this must not be done too soon after graining, or 
the crystals will melt. 

Eules for graining syrup in the vacuum-pan are : — The thinner the syrup admitted, the bigger 
will the crystals be ; for large-grain sugar, few and heavy charges must be admitted, so as to give 



the grain time to grow ; the larger the crystals are rcquireil, the more quietly and slowly must the 
boiling be carried on ; to make regular grain, granulation is brought about very slowly, and on 
no account must the grain be forced by boiling very high before the first charge. 

It ia important in pan boiling to avoid forming “ false grain.” The two stages when the danger 
of it is greatest are : — (1) The time when the sulphuric acid (for producing “ yellow crystals ”) 
is admitted into the pan ; (2) the “ opening ” of the sugar when re-starting the pan to “ double ” 
i. e. when, having struck out half the contents of the pan, fresh portions of syrup are admitted 
on to the masse-cuite left in the pan. If the contents are not sufficiently high when sulphuric 
acid is admitted, false grain forms whilst working up for striking. Unless the mnsse-cuite be 
“ opened ” very slowly, the new lot of syrup, instead of depositing on the already-formed crystals and 
increasing their size, will form an independent grain, called “ false grain,” which not only spoils 
the sugar, but prevents the molasses leaving it in the centrifugals. 

When false grain is very bad, the best course is to strike it out immediately, and spin it in 
the centrifugals, mixing it with warm water if absolutely necessary. When not very bad and 
the pan is little more than half-full, the heat and washing of a few heavy charges of new syrup 
will remove it. 

Demerara ” yellow crystals.”— Sulphuric acid imparts to the sugar the delicate yellow bloom so 
much admired in ” Demerara crystals,” instead of the ordinary green-grey colour. If too little is 
mixed with the masse-cuite in the pan, the colour is scarcely improved ; if too much, the sno’ar 
turns quite red a day or two after curing. It is admitted last of all ; pan-boilers should not '’be 
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allowed to mate a charge of syrup ou to it immediately previous to striking. The quantity of 
acid to be used depends on the colour of the tnasse-cuite ; as a rule, 3 gal. of acid diluted with 
1 i gal. of cold condensed water to 5 tons of sugar is about right. In all cases, the least possible 
quantity should be used compatible with securing the desire<l result. 

The proper striking-ix)int is of great importance, and arrives when the proof will scarcely run 
out of the socket of the proof-stick. Masse-cuite on leaving the pan should have a light-red colour 
tinged with gold, and a temperature of 66° (150° F.) — never higher. The objects of doubling are 
to increase the size of the grain, so that the market value of the sugar may be enhanced, and to 
save time. Some syrup makes sugar that will bear doubling 2-5 times; while some gets sticky 
after the lat cut of the pan. Great care must be taken while opening the masse-cuite left in 
the pai]s : for the 3id or 4th cuts, a temperature of 74° (165° F.) may be maintained while 
opening slowly and carefully, the operation requiring 15-25 minutes. The drawing-in of syrup 
demands more care in subsequent cuts than in the first. 

Great loss of sugar is caused by doubling, depending on the amount of acid used, and on 
the quality of the syrup ; it is estimated to amount to 20-25 per cent, of the sugar, and some hold 
that a better return is obtained from the larger quantity of dark sugar at a lower price ; but on 
the other hand the “loss ” means sugar converted into a high class “ golden syrup,” and the extra 
market value of the yellow crystals is affirmed by some of the best authorities to more than 
atone for the extra cost and increased inversion of crystallizable sugar. 

When sour canes are sent to the buildings, the sugar is apt to get sticky in the pan, and 
occasionally to such a degree as to interfere with the formation of grain, and endanger the whole 
strike of sugar. If the stickiness is not very bad, 2-3 buckets of strong lime-water, taken into the 
pan through the acid-cock, will put things straight. Besides this, the excess of acidity should be 
neutralized by lime-water, leaving the syrup only slightly acid before drawing into the pan. 

Molasses. — “ First molasses ” runs from masse-cuite which has had no molasses boiled into it ; 

“ 2nd molasses ” drains from masse-cuite boiled with molasses in it; “3rd molasses” drains from 
vacuum-pan molasses-sugar (not muscovado sugar). These are kept distinct. Third molasses is so 
sticky and impure that it is sent to the rum distillery (see Alcoholic Liquors — Rum, p. 228), 
as is also sometimes the case with 2nd molasses, when low quotations do not pay to convert it into 
sugar. Only 1st molasses should be used for mixing with syrup-sugar in the pan, and 2nd molasses 
for boiling molasscs-sugar (“3rd sugar ”) ; 2iid molasses should never be used for boiling with pure 
syrup-sugar in lieu of 1st molasses. There is a great difference of opinion about the boiling of 
molasses ; but the plan now to be described is the best, provided arrangements permit the molasses 
to be boiled within 1-2 hours of separation in the centrifugals. 

Supposing that the pan has struck out 3 tons, been refilled and cut a second time, leaving it 
still half-full, for a third time fresh molasses tempered with lime-water, and reduced with water to 
30° B,, is drawn in. The contents, struck out and “ spun ” in tlie centrifugal, should yield 2}-3 tons 
of 2nd sugar, i. e. syrup-sugar with which molasses has been boiled, giving about 1 • 2 tons of sugar 
from molasses, much improved in colour, in addition to the 2 tons obtained from the syrup, and 
upon which the molasses was admitted. To make a very pale sugar, this process will not answer, 
and the molasses must be made into fine quality 3rd sugar, or into rum. 

For tempering molasses, lime-water should be stirred in until most of the acidity is destroyed, 
and only a faintly acid reaction is shown on litmus-paper. For 2nd and .3rd syrups, or molasses 
which is to be boiled for grain, the density must be reduced to 30° B., eiiher by blowing in live 
steam, or, if this be inadmissible, by the addition of condensed water. The boiling is performed in 
an exactly similar way to let syrup, except that it is useless to try for large grain, as the impurities 
effectually prevent the grain from increasing beyond a certain size. It is not an unusnal custom 
to considerably raise the temperature before striking, by dropping the vacuum 2-3 in. ; this is 
readily done by checking the supply of water to the condenser, and keeping the ste.xm full on the 
coils and jacket. The temperature of the masse-citite is then about 77° (170° F.), whereas it has 
previously Ireen about 68°-74° (155°-I65° F.). The object of this is to harden the grain, in order 
that it may be washed in the centrifugal. The musse-cuites from 2nd and 3rd syrups should always 
be allowed to stand 2-3 days in coolers, to “grow” the crystals before centrifugaliiig Molasses 
from 3rd sugar of about 34°-36° B., are always “jtllie<l ” or “boiled smooth,” and it is not then 
necessary to reduce the density. If very achl, they should be nearly neutralized, and boiled until 
a proof will draw out in a thread 1-lJ in. long between the finger and thumb. At this stage, and 
before any sign of granulation has commenced, the contents of the pan are discharged into a 
cooler, and allowed to stand for 1-2 weeks, until the sugar has properly granulated, before 
centrifugaling. 

Multiple-effects. — Figs. 1371, 1372 show an elevation and plan of a set of horizontal triple-effect 
apparatus by Fawcett, Preston, & Co. ; and Figs. 1373, 1374, an elevation and plan of a set of 
vertical triple-effect apparatus by the same firm. This apparatus enables the planter to make use 
of all the exhaust-steam that can be collected in the sugar-house, gives a syrup in got^ crystal- 
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lizable condition, and saves labour. It also permits tbe use of a Tacnnm-pan in many places, 
vhere with a donble-effect or a simple evaporating-pan it would be impossible, on account of 
scarcity of water. The exhaust-st»m enters the heating-space of the pan C, and is condensed by 
the juice contained in the tubes. The first pan C is therefore a surface-condenser, and requires no 
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injection-water; and the condensed water runs away to a receptacle, to be used again in the 
boilers. The vapour from the juice in C passes into the interior of B, producing a second ebullition, 
and is condensed here again by surface-condensation. Tlie condensed water Irom tliis pan is water 
of vegetation, as it comes from the cane-juice ; it is token for washing tlie animal black. Finally, 
the vapour from B enters A, and tbe vapour formed in A is condensed by direct injection. As, 
therefore, injection-water is only used for condensing tlie vapour formed in the pan A, great 
economy is olitained. Triple-effects can be constructed either of vertical or of horizontal vacuum- 
pans. Each system has its advantages, but when equally well constructed and worked there is little 
or no difference in their results. On the whole, it may bo said that the horizontal system does 
not require such expensive machinery and such good execution as the vertical. 

The saving in labour secured by the emploj-mcnt of triple-effect Bpp.aratus may be conveniently 
illustrated by some actual figures obtained on two similar estates, with syrup and sugar of identical 
quality and value, and under equally able management. On tbe estate using open batteries and a 
single vacuum-pan, the labour (negro) was as follows: — 17 hands at centrifugals, 2.5 at batteries, 
4 at vacuum-pan and engine, 8 collecting fuel, 4 at steam-boiler : total, 58, working 18 hours a day 
= 1044 hours of labour. The second used a juice-heater, defecating- and subsiding-tanks, a triple- 
effect, and a vacuum-pan, and employed the following labour : — 12 hands at centrifugals, 3 at 
triple-effect, 2 at vacuum-pan, 4 collecting fuel, 6 at steam-boiler, 3 engineers, 4 at defecators, 2 at 
scum-tanks, 2 at syrup-tanks, 2 at molasses-tanks; total, 40, woiking 13 hours a day = 520 hours 
of labour. Each factory turned out 13 tons of Ist and 2nd sugars per diem. 

Figs. 1375-1378 show an arrangement by Manlove, Alliott, Fryer, & Co. In each pan, is a 
vacuum above the boiling liquor— slight in the 1st, better in the 2nd, and very complete in the 
3rd. This is attained by a vacuum-pump, driven direct by a steam-engine, and similar to the vacuum- 
pump of an ordinary vacuum-pan. The flow of the liquor through the tliree pans is continuous, 
no stop requiring to be made for the discharge. The vapour rising from the boiling liquor in the 
Ist passes through a “ save-all ” (which catches any priming juice) into the steam-drum of tlie 2nd, 
whence it is removed ns condense-water after giving up its latent heat to boil the liquor around it. 
Similarly, the vapour from the liquor thus set boiling in the 2nd passes through a save-all into the 
steam-drum of the 3rd, where in turn it condenses itself, parting with its latent heat to the liquor 
now in the 3rd stage of concentration. The vapour rising in the 3rd pan, being at so slight a 
tension as to part witli its latent heat only at a temperature too low for it to be further utilized, 
passes through a save-all to a condenser, whence it rushes as condense-water into the pump. Thus 
almost all the heat supplied to boil the liquor and evaporate its water is used again to repeat the 
operations to a further extent in the 2nd and 3rd pans. Hence the economy of fuel, as compared 
with ordinary steam evaporating-pans. The temperature of tlie liquor in the 1st pan is below that 
of the same liquor boiling in the open air ; it is reduced for the denser liquor in the 2ud pan, and 
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still farther for the most concentrated liquor in the 3rd pan, in consequence of the progressive 
completeness of the vacuum. 

Billieux’s Triple Apparatus. — Norbert Billieux’s improvements in triple-action apparatus, with 
the object of attaining a maximum useful effect, are as follows ; —The recipient for discharge-steam 
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(A, Fig. 1379) is provided with an equilibrium-valve C, which regulates the maximum quantity of 
steam that can be used. The first recipient being the steam-generator of the entire apparatus, and 
heated by the discharge-steam of all the engines, is also connected with the discharge-water from 
the coils of the boiling-pan D through the check-valve a and pipes 6. By this means, the small 
excess of steam that escapes with the water, assists in beating the first pan, while the combine<l 
condense-water from the coils and pan passes off through another pipe d e into a reservoir g for the 
feed-pump to the generators. 

To effect boiling with double action, considerable pressure is required in the first pan, — 
atmos., and even more, according to tlie size of the coils. Tho vacuum is very small in the scconil 
pan. The pressure is regulated by introducing into the feed-vessel for the triple-action a sufficient 
quantity of direct steam, so that it does not interfere with the action of the apparatus. To 
maintain normal pressure in the first pan, special apparatus is provided. If the boiling-pan is 
heated by direct steam at high pressure, the discharge is conveyed to the 1st evaporating-pan ; if 
steam from the expansion-chamber is used, or escape-steam from the engines, the discharge from 
the boiling-pan is conveyed to the 2ud evaporating-pan ; if steam from the 1st evaporating-pan 
is used for boiling, the discharge passes to the 3rd evaporating-pan, and thence to the condenser. 
In triple-action apparatus, the 1st evaporating-pan is provided with two small auxiliary pans, one 
to evaporate the syrups that have been subjected to osmosis, the other for evaporating the saline 
liquors, both being connected to the same condensing-column. Improvements are also made in the 
pumps for drawing off the condense-water from the 2nd and 3rd evaporating-pans. To obtain 
maximum effect from the apparatus, it is necessary to maintain a considerable vacuum in the last 
pan. The condensation is effected by bringing the stejim into contact with very extended surfaces, 
over which water flows in thin films, thus obtaining a very complete contact of the steam with the 
water. The steam from the safety-chamber is, as usual, subjected to a water-jet. 

The system is receiving considerable attention from beet-sugar makers in France, though 
devised more especially for cane-sugar. One manufacturer, whose diffusion process gives a very 
low juice (sometimes only 2 B. , and generally not more than 3i° B.), states that with the ordinary 
arrangement of the triple-effect he evaporated 1800 hectol. (of 22 gal.) of juice at 3-2° B., with 
150 hectol. of milk of lime, making a total of 1950 hectol. to 18° B. per 24 hours ; with Eillieux’s 
modification, he evaporated to 25° B., which, with the increased quantity worked off, is equal to a 
total evaporation of 5158 hectol per 24 hours, or a gain of 3208 hectol. This gain is said to be 
effected at the cost of only a little (quantity not stated) additional steam. The Rillieux. apparatus 
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is now rarely nsed in Lonisiana, being considered too complicated for plantation purposes ; 
tendency there is towards very large single vacnnm-pans. 

e. Bath-evaporators. — This system may be illustrated by the plan ailoptetl by F. A. Bonnefin, 
of Guadeloupe, whose capillary filter has already (p. 1889) been described. The apparatus is 
intended for use with the filter, and is made by the same firm. 

The tempered juice, prior to evaporation, passes through a “ continuous preparator,’’ a metallic 
vessel 32 ft. long and 18 ft. 
broad, divided by partitions into 
4 chambers of 2 ft. in width ; 
each chamber has a central par- 
tition not quite extending to one 
end, with boles for the inlet aud 
outlet of a heating liquid, which 
therefore travels 36 ft. in the 
chamber, on leaving which it is 
reheated. On the partitions, is a 
copper pan divided so as to form 
a continuous zigzag channel, 
about 1106-1700 ft. long, the 
bottom being immersed in the 
heating liquid circulating in 
the chambers below. The juice 
is admitted at one end, and 
issues at the other. Along one 
side of the pan, are hollows 
to collect the heavy bodies de- 
posited during the flow of the 
liquid. 

The juice, introduced at 15° 

(59° F.), being in contact during 
a travel of 1100 ft. or more with 
a liquid at about 99° (210° F.), 
leaves the further end of the pan 
at 80°-90° (176°-194° F.), de- 
prived of heavy organic or inor- 
ganic matters in suspension, and 
of light matters which become 
separated and rise to the surface. 

It successively fills capillary 
filters (p. 1889), and is delivered 
in a pure state to be concen- 
trated. 

The vacuum -pan is con- 
structed like the preceding, with 
modifications to maintain the 
heat in the coils at about 99° 

(210° F.), the heat being regu- 
lated in proportion to the juice 
being more and more concen- 
trated, and always below 100° 

(212° F.) For generating heat, 

Bonnefin employs a small fur- 
nace for heating oil to 250°-280° 

(482°-536° F.). This hot oil is 
conveyed through a coil of pipes 
in a vessel containing water, and 
connected with the vessel which 
receives all the eondense-water 

of the factory. After the oU has done duty in the evaporating apparatus, it is returned to be 
reheated by the furnace. 

/. Fryer’s Concretor.— In Fryer’s coucretor, no attempt is made to produce a crvstalline article 
but only to evaporate the liquor to such a point that « hen cold it will assume a solid (concrete) state’ 
The mass js removed as fast as formed, aud being plastic while warm, it can be cast into blocks of any 
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convenient shape and size, hardening as it cools. In this state, it can be shipped in bags or 
matting, suffering neither deliquescence nor drainage. The cost of an apparatus capable of 
making 10 cwt. per hour is about 1000/. It is the invention of Alfred Fryer, of Manchester and 
Antigua, and is made by Manlove, Alliott, Fryer, & Co., Nottingham and Kouen. It is shown in 
side elevation and plan in Figs. 13S0, 1381. It eonsists of a series of shallow trays A, placed end 
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to end, and divided transversely by ribs running almost from side to side. At one end of these 
trays is a furnace B, the flue of which runs beneath them; and at the other end, are a boiler C and 
an air-heater D, which utilize the waste heat from the flue, employing it both to generate atenm 
and to heat air for tlie revolving cylinder. 

The whole series of trays A is placed on a slight incline, the upper end being next the furnace 
The topmost 3 trays are made of wrought iron, since the intense heat here would render cast-iron 
liable to fracture. The clarified juice from the pipe M flows first upon the tray nearest the 
furnace; it runs down the incline towards the air-heater D, meandering from side to side ia a 
shallow stream. Thus it has to traverse a channel 400 ft. long, before it can leave the travs at the 
end adjacent to the air-heater, although the distance between the furnace and the air-heater in a 
direct line is not quite 50 ft. While flowing over these trays, tl.e juice is kept rapidly boiline 
by means of the heat from the furnace; and although it only takes 8-10 minutes to traverse 
density ia raised from about 10° U. to about 30° B. * 

From the trays, the thickened syrup flows into the tank F, and thence passes out into the 
revolving cylinder E. The cylinder is full of scroll-shaped iron plates, over both sides of which 
the thickened syrup flows as the cylinder revolves, and thus exposes a very large surface to the 
action of hot air, which is drawn through it by means of a fan G. Motion is given to the whole 
apparatus by means of a small engine. In this cylinder, the syrup remains for about 
20 minutes, and at the end of that time, flows from it at a temperature of about 9i°— 94° 
(195'’-200° F.), and of such a consistency that it sets quite hard on cooling. By the use of 
dampers, the hot gases from the flue may be directed either under the boiler, retumino’ through it 
to the heater, or direct to the heater. At J, is an auxiliary furnace for raising steam, when the 
heat from the concretor flue is insufiicient or not forthcoming, -as, for instance, when bec-inning 
to crush canes, and before the juice has covered the trays. K is a smoke-door for cleaning°out the 
boiler-tubes. L is a chimney, either of brick or iron, for the last escape of the gases. 

F. J. G. Minchin, of the Aska Sugar Works, Ganjam, Madras, gives the following resujt of using 
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Fryer's concretor with diffesion-juioe. It was in work 2 months, daring which jK-riod there ran 
over it 1,030,680 gal. jaice, and were delivered from it 500,225 gal., hence it evaporated 
530,455 gi. This gives a daily evaporation of 9557 gal. For tliia, wood fuel was ased at the 
rate of abont 15 tons per diem. The juice ran on at 6°-6J° B. cold, and ran off at 11°-12° B. cold. 
The concretor was used as an auxiliary to double-effect. 

W. F. Ashby has published some statistics of the use of the concretor by the Umhloti Sugar 
Co., Natal, from which it appears that with the 1876-7 crop, 610,900 gab of juice gave 507 tons 
6 cwt. 3 qrs. 7 lb. of sugar, or 1'86 lb. per gul. of juice; the 1877-8 crop gave, from 586,300 gal. of 
juice, 450 tons 15 cwt. 1 qr. 14 lb., or 1'72 lb. per gal. of juice. 

B. By Co/d.— More than 30 years ago, Kneller proposed to concentrate syrups by forcing cold 
air through them, and his plan was much improved by Chevallier. Sugar made in Chevaliiers 
apparatus rivalled that of the vacuum-paa in every respect. A vessel bolding 200 gal. of syrup 
(comprised of 3 parts of sugar to 1 of water) is estimated by Wray to turn out 12 tons of sugar 
daily. The cost of the apparatus is small ; the power rcquireil is trifling ; tlie onliuary air of the 
estate could be used at once in dry weather, and would entail an insignifleant expense for drying 
in damp weather ; and the quality of the sugar is unsurpassed. In 1S65, Alvaro Reynoso proposed 
to rapidly cool the syrup in suitable machines, ami thus form a confused mass of particles of frozen 
water (ice) and dense syrup. The mixture is afterwards separated in centrifugals, and the syrup 
deprived of ice is evaporated in v.icuo ready for crystallization. It stems most singular that, in the 
face of the many drawbacks and great cost incurred by concentration by heat, and in presence of 
the many improvements introduced of late years into refrigerating and cold-producing apparatus 
(see pp. 1017-20, 1134—42), so little effort is made by sugar-growers to ailapt the latter system to 
their needs. A similar crystalline product, namely common salt (see p. 1718), is obtained by 
hundreds of tons from sea-water by the effect of natural cold, in favourable hx-alities ; and there 
would appear to be no valid reason why a modification of the plan should not succeed on an 
extensive scale with sugar solutions. 

CuKTSO. — “ Curing ” embi aces the drying and whitening or bleaching of the sugar. The several 
plans will be discussed in succession. 

Simple Drainage . — This is the oldest and crudest method. To remove a certain amount of the 
molasses and other impurities, the semi-liquid mass, dug out of the coolers as soon as sufficiently 
cold, is placed in casks with perforated bottoms; the holes in the casks are loosely filled with 
canes, twisted leaves, or rushes (the latter long enough to reach above the contents of the casks), 
in such a manner as to form a rough strainer. The casks stand meantime on rafters over an 
immense tank. Here the draining process slowly and imperfectly goes on, a portion of the molasses 
escaping into the tank below, but much still remaining in the mass of sugar, imprisoned between 
the minute crystals. Even after months of standing, the separation of the molasses is so incomplete 
that very great leakage and waste continue while the sugar is on its way to European markets. 
Sugar cured in this way is termed “ muscovado,” and is the most impure form of “ raw ” (“ grocery," 
“ moist,’’ or “ brown ”) sugar. It is nearly obsolete in the English and French colonies, and its 
manufacture is decreasing rapidly in Louisiana. 

Claying . — The first improvement introduced is based upon the fact that the impurities of 
muscovado sugar are much more soluble in water than the sugar itself: thus washing with water 
effects considerable purification. The earliest 
manner of carrying this out was by placing 
the sugar in inverted cones with a minute 
aperture in the apex, stopped up during the 
filling and for about 12 hours afterwards: 
upon the mass of sugar in the cone, was 
placed a batter of clay and water (hence the 
term “claying”), the object being to ensure a 
very gradual percolation of the water through 
the mass. This water carries with it the un- 
crystallizable sugar and colouring matters im- 
b^ded between the crystals. The resulting 
sugar is much lighter-coloured than musco- 
vado, but the grain is very soft, and the opera- 
tion is most wasteful. In Bengal, a wet rag 
is sometimes substituted for the clay batter. 

The process continues but little in vogpie. 

Spirit-washing.— The very slight solubility of sugar in alcohol, coupled with the ready solubility 
in that medium of many of its impurities, suggested the practice called “spirit- washing.” Tliis 
consists in substituting cold alcohol or alcohol and water for simple water. The results are not 
perfect, hywever, and the costliness of the metliod soon causi d it.s abamlnnment in this connection. 
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rocuum-cAcsi*— The vacuum-chest cousists of an iron box with a tray of wire-gauze above, and 
connected with air-pump suction below. The sugar is spread on the tray, and the downward 
suction produced by working the air-pump creates a tendency in the fluid portion of the mass to 
separate itself. Effectual separation, however, can only he attained when the grain or crystal of 
the sugar dealt with is large, hard, and well formed; with small or soft grain, the process is 
utterly inapplicable. This fault has restricted its use. 

Centrifugals.—'The, preceding modes have been generally roperse led by centrifu^l machines or 
hydro-extractors. There are many varieties, but all consist essentially of a cylindrical basket 
revolving on a vertical shaft, its sides being of wire-gauze or perforated metal, for holding the 
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sugar The basket is surrounded by a casing at a distance of about i in., the annular space thus 
left b^ing for the reception of the molasses, which is expelled by centrifugal force through the sides 
of the basket when the latter revolves at high speed. A spout conducts the molasses to a receiver. 
An example of a simple centrifugal is shown in Fig. 1382; more complicated forms are used in 
refineries (see Befining). The machine comprises a revolving basket a, carried by a cast-iron dome 
6 upon a central shaft, arranged with driving-pulley, footstep, and neck-beanng, on the central 
bracket c, the whole being supported by the outer cast-iron casing d, which collects the liqmd 
thrown off from the material in the basket, and conveys it away through a discharge-pipe. The 
brake e for stopping the motion of the basket, is applied by the lever-handle / acting upon the 
ande-iron ring h riveted to the cylinder bottom. The sugar is discharged through two copper 
doors i covering openings in the cylinder bottom, and passes down the shoot A cast in the outer 
casing, into a receptacle below. The treatment of the molasses separated from the sugar has been 
already desciibed (see p. 1895). * 
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Complete Factory.— Figs. 1383, 1384 represent a modem sngar-honse of economical and 
convenient design. The cane-mill and engine for driving it, with its cane-carrier and be^ss- 
carrier G F, are shown on the right. The steam-boilers are in the house A. The defecators are 
shown at H, and the clarifier at I. After the juice is defecated, it passes throush the triple- 
effect T, where it becomes syrup, and is clarified in I, whence it goes as re<iuired to tlie vacuum- 
pan S, where it is concentrated and becomes masse-cuitc, of larger or smaller grain as desired. 
From S, it falls into waggons W, and from these waggons it is discharged into the mixer of the 
centrifugals at L. These centrifugals are driven by the engine B, which works the vacuum-pump 
for the triple-effect and vacuum-pan. The sugar is finally packed in the area P, and delivered at 
the door on the extreme left of the house. 

Maple-sugar. — The rock or sugar-maple (Acer saechannum) is a tall ornamental tree, flourishing 
throughout most of the N. American continent. In sections of the United States where it has not 
been exterminated, the manufacture of sugar and syrup from it is a remunerative adjunct to other 
farming industries, occupying a period in which little other farm work can be pursued. The 
apparatus for collecting the sap and manufacturing the sugar, involves a very small investment: 
the fuel consumed usually consists of the prunings of the maple grove, which is benefited thereby ; 
and at least 90 per cent, of the gross return is net profit. 

An interesting point connected with the production of maple-sugar, is the variability of the flow 
of the sap, dependent on diurnal changes of weather. The rising of sweet sap commences imme- 
diately after the first break-np of the long frost, about mid-February, continuing through March 
and into April, but varying in different localities and at different seasons. A cold X -W. wind, with 
frosty nights and sunny days in alternation, tends to incite the flow, which is more abundant in the 
day than at night. It is, however, most sensitive to unfavourable changes, and a run of 3 gal. a 
day from one tree may almost cease in a few hours, and then giadually recover itself. Hence the 
yield from day to day is uncertain, and reliable statistics are difficult to record. A continuous 
course of favourable weather tends to the largest production, a rising and falling supply reducing the 
total of the season. The flow commences earliest in warm and low situation.s. A thawing night is said 
to promote it ; it ceases during S. winds and at the approach of a storm. On the S. and E. sides, it 
has been noticed to be earlier than on the N. and W. sides of the same tree. There are generally 
10-15 good “sap days” in the season, which continues on and off for about G weeks ; after this, as 
the foliage develops, the saccharine matter is reduced, and the sap is said to be “ sour,” though a 
restricted flow still continues. Emerson considers that the sugar-yield depends also on the 
character of the previous summer, and that plentiful rain and sunshine prepare for an abundant 
harvest in the succeeding spring. Open winters are thought to render the sap sweetest ; while 
much freezing and thawing make it most abundant and of the best quality. The sap of isolated 
trees is richer in sugar than that of those which are massed together in the forest. 

The produce of sugar may average 1 lb. to 4J-5 gal. of sap, but instances are given of 1 lb. of 
sugar from 3 gal. of sap. In a good sap season, an average tree will run as much as 3 gal. of sap in a 
day, occasionally more, and afford about 4 lb. of sugar in the season ; Emerson records cases of 1 0, 20, 
33, and 43 lb. of sugar from single trees, but such weights are altogether exceptional. Tho average 
quantity of sap per tree would be 12-24 gal. in a season. Trees under 25 years oM are si ldoni 
tapped, scarcely paying for the trouble, apart from the debility it produces in them. Repeated 
tapping of mature trees causes no apparent injurious effect : in many instances, trees have been 
tapped for 40 consecutive years, and it is said that both the quality and quantity of sap are visibly 
improved after the first tapping. 

The trees are usually tapped at a height of 3-4 ft. from the ground, with a f-in. auger to a 
depth of 2-6 in., into which a perforated plug is driven, to lead the sap into the collecting-vessels, 
or a simple notch in. deep is cut with the axo. One to three taps are inserted in each tree, and 
have to be removed in succeeding years to fresh places, generally alternated on opposite sides of 
the tree. In the United States, the large branches are punctured, as well as tlie trunk. Tlie sap 
is evaporated either in iron caldrons, or in shallow boilers, 6 ft. long, 2J ft. wide, and about 8 in. 
deep. Those of copper are preferred to iron, as they are said to yield a whiter sugar. Care is 
taken to keep the boilers filled up with fresh additions of sap during evaporation, and to stir it well 
with a wooden spade, till the syrup attains a sufficiently thick consistency (which is ascertained by 
its “ breaking ” or crystallizing when dropped into cold water), and exchanges its white colour for 
golden-yellow. It is strained during evaporation, a small quantity of lime or soda being added to 
neutralize any free acids that are present, and a little white of egg nr milk to clear it. After 
straining and skimming, it is poured into pans or moulds to crystallize, and may be further clarified 
by gently boiling in tapering cans, with a tap at the bottom, towards which the molasses gravitates, 
and is drawn off as the crystallized sugar sets. Earthenware pots are said to improve tiie colour 
but injure the quality. 

Many improvements have been made in the manufacture during the la.st few years. Formerly 
the bighesj attainments only resulted in a fine muscovado-like sugar ; but now, specimens are 
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exhibited vying with tlie best loaf-sugar. This has been effected by greater cleanliness in the 
preparation of the sap, and improvements in draining and refining the sugar. A few yeara ago, a 
premium was awarded by the Oswego County Agric. Soc., New York, to R. Tinkor, for tlie following 
method of preparing maple-sugar. The sap is boiled in a potash-caldron to a thick syrup, strained 
while warm, let stand for 24 hours to settle, then poured off, leaving back all that is impure. To 
clarify 50 lb., 1 qt. of milk, 1 oz. of saleratus, and the whites of two eggs are well mixed ; the 
sugar is then boiled again, until it is hard enough to lay upon a saucer, and finally allowed to 
stand and cool. Very little stirring will prevent it caking in the caldron. For draining, a funnel- 
shaped tube, 15 in. sq. at the top, and coming to a point at the bottom, is used. The sugar is put 
in when cold ; a tap is inserted at the bottom, and a damp flannel cloth of two or three thicknesses 
is kept on the top of the mass. When drained, the sugar is dissolved in pure warm water, and 
clarified and drained as before. 

Maple-sugai is made mostly for the home use of the producers, and as an article of merchandise 
it seems in a fair way of extinction. Thousands of splendid trees are yearly cut down and con- 
verted into broom-handles ; and at the present rate of destruction, maple-sugar will before long be 
unknown in the trade. The amount of maple-sugar made in the States is reported at 40 million lb. 
annually, but this is considered to be ^ below the actual quantity. According to the last census 
returns, Vermont reported a yield of almost 10 million lb. The production of New York is 
somewhat larger, but nothing compared with the difference in area ; in 1860, there were in this 
St ite about 10 million acres planted with sugar-maples at the rate of 30 to the acre. The only 
other States which return more than 1 million lb. are : — Michigan, 4 ; Ohio, 3i ; Pennsylvania, 
nearly 3 ; New Hampshire, 2J ; Indiana, IJ ; Massachusetts, 1. The total production of maple- 
molasses is 1,500,000 gal., of which, Ohio returns nearly 400,000 ; Indiana, nearly 300,000 ; Ken- 
tucky, 140,000 ; and Vermont only 16,000. In addition to the large production of maple-sugar in 
the Stiites, the estimated quantity made by the Indians living east of the Mississippi is 10 million 
lb. per annum, and the quantity manufactured by those living west of the river is set down at 
20 million, but is probably much greater. The maple-sugar product of Canada was stated in 1849 
at 2,303.000 lb. for the Lower Province, and 4,161,000 lb. for Upper Canada. The census of 1851 
gave the total at 10,000,000 lb., exclusive of what was used locally without being brought to market. 
The market value fluctuates between 8 and 22 cents (4-ll<l.) a lb., according to the ruling prices 
of cane-sugar. 

In Nebraska, no maple-sugar is made, but an equally good article is manufactured to a con- 
siderable extent from the ash-leaved maple or box elder (Xef/uiulo fraxinifolium), growing on the 
banks of rivers from Pennsylvania to Carolina. Some investigations made in Illinois, with reference 
to its value for sugar, are reported to decide -(1) That it produces more sap than the sugar- 
maple of equal size, | gal. per day being obtained from a small tree of 3i in. diam. and 5 years 
old; (2) that the sap is richer in sugar— the yield of dry sugar averaging 2 ’8 per cent, of the 
weight of the sap ; (3) that the sugar produced is in general whiter than that from sugar-maple 
treated in the same way. These facts should recommend this tree to the attention of planters, 
especially in prairie regions. 

Melon-sugar. — The preparation of sugar from the melon {Cuntmis dlclv') is fast assuming 
some importance in America. The long delta between the rivers Sacramento and San Joaquin, 
California, when reclaimed by embankments, is exceptionally productive. Melons constitute a 
crop that never fails in this climate, and a factory has been erected on Androo Island to work up 
the melon-juice derived from a large area at small expense for transport. Water-melons with white 
pulp are preferred, and it is said that seed obtained from Hungary has yielded plants whose fruits 
surpassed any proiluced from native American stock. The plants are set out at distances of 12 ft. 
apart one way and 6 ft. the other. Their leaves cover the giouud and kill all weeds before the 
latter have time to develop. Besides, they form an impenetrable mulching, which keeps the soil 
moist. 

The juice of the melon is asserteil to be free from those non-saccharine bodies which make the 
extraction of beet- and cane-sugars such an expensive matter. On the other hand, the sugar is 
uncryslallizable, and does not amount to more than 7 per cent, of the weight of the fruit. Usually 
the juice is only evaporated to such an extent as to aflbrd a syrup, the ordinary yield being 1 gal. 
of syrup from 8 gal. of juice. The fl.ivour of melon-syrup is said to be much superior to that of 
common beet-sugar. The cost of production is set down at 54 cents (2f'f.) a lb., as against beet- 
sugar at 7 cents f34d.). One grower in California made 125 bar. of syrup in a single season several 
years since. No doubt is felt that melons would thrive luxuriantly in New Jersey, Delaware, and 
Maryland. The same may be said of all sub-tropical lands possessing a sufficiently damp climate. 
It must also be remembered that the seeds afford a valuable oil (see p. 1395), and that the pulp 
and seed-cake are excellent food for cattle. 

Milk-Sugar, Lactine, or Lactose (Fb., Lechet de hit ; Gee., Schvtknmtid, Zuckersand). 

This is obtained from milk by precipitating the casein with a few drops of dilute sulphuric acid, and 
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filtering and evaporating the litjaid. Crystals are deposited, which are purified by Ve<iiaaolTing and 
treating with animal charcoal. In Switzerland, conaiderable quantities of milk-sugar ate prepared 
by evaporating the whey which remains after the separation of the cheese. At Marhach, Canton 
of Lucerne, Switzerland, lialf-a- dozen refiners are said to make a handsome income from the manu- 
facture of mUk-sugar. The raw material used for the recrystallization comes from the neighboiuing 
Alps, in the cantons of Lucerne, Berne, Schwyz, Ac. ; a considerable quantity is supplied also 
by Gmyeres. Notwithstanding rises in the price of the raw material, consequent upon the demand, 
and increased cost of labour and fuel, the manufacture continnully expands, and now amounts to 
1800-2000 cwts. yearly, with a gross value of about 12,500/. The manufacture of the crude sugar 
is only carried on in the higher mountains, because there the whey cannot be used profitably for 
fattening swine, which are found chiefly in the valleys ; and the wood required for the evaporating 
process is cheaper in the highlands. 

The crude sugar is sent to the manufacturer or refiner in sacks containing 1-2 cwts. It is 
washed in copper vessels, and dissolved to saturation at the boiling temperature over a fire ; the 
yellow-brown liquor, after straining, is allowed to stand in copper-lined tubs or long troughs to 
crystallize. The sugar-crystals form in clusters on immersed chips of wood ; these are the most 
pure, and therefore of rather greater commercial value than the milk-sugar in “ plates,” which is 
deposited on the sides of the vessels. In 10-14 days, the crystallization is complete, and the milk* 
sngar has finished growing. The crystals are then washed with cold water, afterwards dried in a 
caldron over a fire, and packed in casks holding 4-5 cwts. As the crude sngar can only be obtained 
in summer, the recrystallizatiou is not carried on in winter. The entire manipulation is carried on 
in a very primitive manner : with a more rational method of working, a whiter and finer quality 
of sugar could probably be produced. Milk-sugar finds its chief application as a basis for 
homoeopathic medicines, and in infants’ foods. 

Palm-sugar.— Palm-sugar, often called date-tree sugar, is a protluct of the juices of many 
kinds of palm, the most important being the wild date-palm {Pheenix s;/lcistris)y which thus gives 
a name to the whole class. Other species are the palmyra {Borassixs Jinfxllipjrmis), (see p. 932); the 
coco-nut (Cocos nvKifera.), (see pp. 939, 1353, 1383); the gomuti {Sijiients [drenyu] sjccharifcra'), 
(see pp. 919, 1827); the nipa (Xipa fruticans), (see p. 985); and the kittool {Caryota urens), (see 
p. 938). All these are essentially natives of the E. Indies, including India, Cejlon, Siam, the Malay 
Peninsula, and the E. Archipelago. 

The portion of British India particularly occupied by this cultivation extends nearly due 
E. and W. from Kissengunge, in Kishnagur, to a little beyond Nollchit in the Backergunge 
district ; and N. and S., from the vicinity of Comercolly in the Pubna district, to the borders of 
the Sunderbumls, thus occupying on the mop a surface of about 130 miles long by 80 broad. 
Its principal districts are Jessore, Furreedpore, and Backergunge, with portions of Nuddeafa, 
Baraset and Pubna; beyond this tract, little or no date-tree sugar is manufactured, although the 
tree is often cultivated in other districts, and may be oceisioually met with in most parts of Indio. 

Here one species only, Phwnix syhestris, is availed of, though many others might be profitably 
utilized. From Cocos nvci/era, good goor is commonly made in Province 'Wellesley ; and from 
Borassus flabelliformis, throughout Bengal, a saccharine juice is obtained, used for intoxicating 
purposes (see Beverages — Toddy, pp. 425-6). frequently as a substitute for yeiist in making bread, 
and is said by the natives to yield a sugar of good grain and greyish complexion. 

The sugar obtained by the natives of Bengal and Siam from the various species of palm is, on 
account of the crude way in which it is manufactured, of very inferior quality, and is mainly con- 
sumed in the countries where it is grown. The juice of the nipa jmlm (A'lpa frnticans) is almost 
equal in saccharine richness to that extracted from the sugar-cane, with the advantage that it is 
much cleaner, and contains no colouring matter nor chlorophyll ; the vegetable matter being easily 
precipitated, it gives a liquor as clear as spring-water. This species, flourishing near the sea, or 
on the edges of brackish pools, takes up a large quantity of salt, which makes its appearance in 
the juice, in quantity sufficient, in some cases, to give the liquor a decidedly saline ta-ite. Were 
it not for this drawback, a large quantity of excellent sugar would be obtained from this source. 

The date-palm {Phoenix syhestris') requires a humid soil and climate, and flourishes best in the 
vicinity of water, though it must be above the rejich of annual inundations from the rivers. 
The trees are planted by the natives mostly in the hedges surrounding the fields appropriated to 
rice and other grain. Where regular plantations have been attempted, the trees are placed 
10-15 ft. apart, so that sufficient space is left for cultivating an oil-seed or other dry crop between 
them, without its being injured by the shade of their leaves ; indigo is said to be the only crop 
which suffers through not obtaining the full benefit of the sun’s rays. 

As the modes of planting the tree, extracting the juice, and boiling down into goor differ 
but in trifling details throughout the date-tree tract, a description of the routine practised in the 
principal district, Jessore, will serve for the whole. 

Planting .— trees are always raised from seed. The fruit ripening in June-July, the seeds 
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are collected an^ eown shortly afterwards a few ioches apart, in a moist spot near the cnltivator's 
house. They are weeded and watered occasionally dnring the following dry season, and are ready 
for planting out in the succeeding April-May, after the first showers of the season. The ground 
is well ploughed, and without any manure, the plants are placed each in a hole made with the hoe 
or kodaul. By the time the rainy seeison closes, abont the following October, they are strong young 
trees, the leaves 3-4 ft. high ; vacancies are then filled up. The roots are occasionally cleared of 
weeds ; and shonld the ground not be in yearly crop, a ploughing is sometimes given, as this 
loosens the earth around tliem and allows more scope for the roots. No other expense or tronble is 
incurred in their cultivation. The trees arrive at full growth at abont their 7th year, but the 
native cnltivator seldom allows them to reach beyond 5 years, before commencing to extract the 
juice : should the young trees be forward, he even commences at 2 or .3 years old, though this 
early exhaustion injures the after-productiveness of the plant, and probably shortens its life. 
Frequently the trees are tapped when the stem is less than 1 ft. high from the ground, a hole being 
dug in which to lodge the earthen pot that collects the juice. When not weakened by too 
early tapping, the average age the trees arrive at is about 30 years, being 25 years for sugar pro- 
duction after allowing the first 5 for their undisturbed development. On the borders of the 
Sunderbnnds, however, where the trees grow in strong marshy soils impregnated with salt, it is said 
that their excessive vegetation causes them to exhaust their strength sooner, and that their age in 
such places does not exceed 17-18 years. 

Tlie quantity of juice obtained before the frees have reached their 5th year is small and 
uncertain ; if allowed their full 5 years for growth, and first cut in their 6th year, the juice 
for that year is found to be yielded in the proportion of about one-half the yield of a tree of 
full maturity ; in the 7th year, three-fourths of the full quantity ; and it is not until the 8th 
year that the tree is found to give its full average yield of juice. 

The natives reckon a beegah to contain 160 trees, or two puns of 80 each, planted about 
10 ft. apart; then the cost may be estimated thus;— 


fi. A. P. 

160 plant-trees, sowing, watering, &c 10 0 

Planting, and filling up vacancies 100 

Half-yearly* rent of 1 beegah of ground at 2 Bs 1 0 0 

Ploughing twice per annum, at 2 annas 0 40 

Weeding ditto ditto, at 4 annas 080 


Yearly expense 112 0 

Which, for 5 years, is 

Add compound interest on the yearly account, at 25 per cent, per annum 
Nett cost of 1 beegah of trees ready for producing B. 


8 12 0 


10 12 0 (21s. 6d.) 
10 7 2 


21 3 2 (42s. did.) 


• The other half being chargeable oq the other crop grown between the trees. 

Cutting the Trees and Collecting the Juice . — The trees are first cut about the 20th October. This 
is done by stripping ofif the lower leaves of the branching head of the tree on one side, so as to 
leave a denuded space 1 ft. long; from this, a piece of the bark is removed in the shape of a 
triangle, each side of which is about 8 in. long, and having one angle pointed downwards. For the 
next 8-10 days, the cut part is left to harden, and what little sap exudes from it is allowed to run 
to waste, as not being suflioient for use. Collecting the juice, therefore, does not commence before 
about the Ist November, a few days earlier or later, according to the season, the first cold nights 
causing the sap to run freely. As soon as this is observed by the ganchea or date-tree labourer, be 
ascends the tree in the evening, and slices away a further portion, cutting deeper this time, so as to 
divide the sap-vessels, and from the centre of the triangle towards its sides, in such a way that 
along the latter a sort of channel is formed, which conducts the juice to the lower point of the 
triangle ; here in a notch is inserted one eud of a piece of reed or grooved stick, about 6 in. long, 
its other end hanging over the earthen pot which is suspended by a string close under it, and 
into which the juice trickles as it flows from the tree. The instrument used for cutting the 
trees is a date or billhook, of peculiar shape. 

A man having less than 80 trees lets them out, at a yearly rent for their use, to a neighbour 
who has more, as they would not yield sufficient juice to compensate fur the expense of the necessary 
arrangements. The number worked by any one ryot or familyvaries from 80 to 300-400 ; but for 
facility of calculating the expense, a farm of 160 may be assumed, all full-grown, and capable of 
yielding the average quantity of juice. Whatever the number of trees, they are lotted off into 
7 equal divisions. Tho trees of one division are cut every evening in succession, so that the whole 
are cut regularly once in 7 days. The first division may be taken as containing 23 trees* on which 
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the work proceeds as follows. The gauchea having cat this namber, and snspended the pots on 
the previons evening, obtains in the morning, as their 1st day’s prodnce, an average of 10 sten 
(of 2 lb. 1 oz.) of jnice firom each tree ; on the 2nd morning, 4 seers ; and on the 3rd, 2 seers ; after 
this, the reed and pot are removed, and for the 4th, Sth, 6th and 7th days, the trees are left to 
recover themselves, the little juice that still exndes being allowed to run to waste, as not worth the 
labour of collecting. On the evening of the 7th day. these 23 trees are again cut ; this is done by 
peeling off a further portion from the already open cutting, which again divides the aap-veasels, 
and the juice recommences flowing; and the same process is repeated throughout the season. 
Thus the ryot by newly cutting a } division of his trees every evening, will have every morning to 
gather the juice firom 3 divisions, yielding respectively 10, 4, and 2 seers of jnice from each tree : 
by this system, a uniform quantity of juice is daily procured, and the labour is equally distributed 
over the time given for it. The ryot having 160 trees would collect daily the juice of 68 or 69, 
yielding juice as follows : — 

w. s. 


23 trees flrst day’s runnings, at 10 seers each 5 30 

23 „ second „ „ 4 „ 2 12 

23 „ third „ „ 2 „ 16 

Total juice per diem fimm 69 trees 9 8 (758 lb.) 


This refers only to the juice exuding during the night, and collected early in the morning, from 
which alone sugar is made. It is sometimes customary, with trees which bear well, to collect what 
may run from them during the day ; but as rapid fermentation takes place soon after sunrise, the 
day-juice is unfitted for crystallization into goor, and is boiled up only for sale as molasses. This 
practice, however, is far from general, and, at the ordinary market rate for molasses, barely repays 
the labour required. The gauchea commences collecting the juice a little before daybreak ; as soon 
as a sufficient number of pots are collected to commence a boiling, they are carried to the boiUng- 
hut. The emptied pots from the trees are ranged on the ground in rows of about 20 each, with 
their mouths downwards over a layer of straw or dry leaves ; the latter is then set fire to, and gives 
the pots a thorough smoking, covering their inner surface with on even black coat. The object of 
this is to prevent acidity, which would set up fermentation in the fresh juice, were any of that 
firom the previous night allowed to taint the vessel, but which is neutralized by the alkaline salts 
contained in the smoke. As an additional slice is pared from the face of the incisions in the trees 
once every 7th day, this forms towards the end of the season a very deep notch, reaching some- 
times nearly half through the trunk. Each succeeding year the trees are cut on opposite sides, so 
that they have, when a few years old, a deformed zigzag appearance. 

Boiling the Juice . — This is conducted in 4 shallow earthen pans, about 2 ft. diain. and 1 ft. deep, 
set in a square furnace, formed by digging a hole in the ground, and raising a mud structure over 
it, about 6 ft. sq., in the dome of which are cut the 4 holes in which the pans are set. A hole 
on one side for feeding the fire, and on the other for the escape of the smoke, completes the arrange- 
ment of the furnace ; over this, a light roof is usually thrown, supported by bamboos, and thatched 
with the dried leaves of the date-tree, as a partial shelter from the sun and rain, though the latter 
js unusual during the season when the work is in progress. The fuel used is the soondry wood, 
with which the date districts are all more or less easily supplied from the neighbouring Sunder- 
bunds, assisted by the dried leaves of the date-tree itself. 

The 4 pans are kept about half-full of date-juice, and as the contents diminish by evaporation, 
fresh juice is supplied, until each is sufficiently filled to complete the boiling into goor without 
further addition.. Up to this point, skimming goes on, and the small end of a date-tree leaf is kept 
floating in each pan, as it is believed to assist the clarification, though probably a mere fancy. No 
lime nor other alkali is used : the juice is simply boiled until it arrives at its proper granulating 
consistency, which is known to the natives by long practice, from the appearance of its tenacity 
when allowed to drop from the end of a stick, and from its colour and appearance while boiling. 
The juice, as brought from the trees, is clean, white, and transparent, resembling that of the 
coconut, both in appearance and taste, though much sweeter. These qualities give it a decided 
advantage over the juice of the sugar-cane, it being quite uncontaminated with feculencies, the 
separation of which from cane-juice causes so much trouble. The shimmings from the boiling of 
date-jroor are consequently trifling, and probably consist principally of vegetable albumen. They 
are turned to no useful purpose. 

The boiling occupies 5-6 hours with each pan, and as soon as it is complete, the goor is ladled 
into a vessel near. If it is intended for immediate sale to the may rah (sugar-maker), this vessel is 
a long jar-shaped earthen pot, holding 2 seers to i maund,— the size and form varying much. If 
the pots are large, they are not filled at once, but the boilings of several days are poured in 
successively, so that 3, 4, or more pots are filled simultaneously, and contain layers slightly varying 
in quality; though the average in all is the same. A great deal of goor is, however, converted by 
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the ryots themselves into a description of sugar called naand-dttlloah, in which case the boiling is 
not carried to so high a point ; and this allows it to form a la^er crystal, and to part with its 
molasses more freely. In such case, it is ladled at once from the boiling-pans into a large naand 
(conical-shaped vessel) holding 2-3 maunds, and in this it is cured and drained in the simplest 
possible manner. 

Returns . — Dry cold weather is most favourable for the date-juice, both as to its quality and yield ; 
the poor-manufacturing season in Bengal extends on the average over 3J months, from let 
November to I5th February. Little is made earlier than the former date, and such is generally 
of small grain, and inferior ; any made later than mid-February is of soft grain, and contains an 
undue proportion of molasses. Occasionally the warm weather sets in earlier, and cuts short 
further poor-making, though if there be a good fall of rain, this is followed by a temporary 
return of cold nights : the poor season may then be said to commence anew, and very fair produce 
is obtained even in the first days of March. The finest yield is in December-January, during 
the coldest part of the season ; and on the whole, the estimate of 3J months (107 days) is the 
time occupied by an average season. In estimating the yield of good poor for a season, i of the 
total should be deducted for the diminution caused by nnpropitions weather. Thus, 160 trees 
yielding 9 maunds 8 seers of juice per diem throughout the season, multiplied by 107 days, and 
allowing i deduction for loss by variations of the weather, leaves bazar mds. 787-20-13 (56,964 lb.) 
as the nett produce in juice for the season, and this, divided over 160 trees, gives mds. 4-36-4 
(356 lb.) as the average total produce of juice from each tree. The proportion of poor obtained from 
date-juice averages -jL by weight, and the density of the latter does not appear to vary nearly so 
much as that of cane-juice. At this average, the yield by the above calculation from 160 trees 
would be bazar mds. 78-30 (5702 lb.) of poor, or nearly 19| seers from each tree, or 49 maunds 
8 J seers (3554 lb.) per 100 trees per annum. 

The expense of extracting and collecting the juice, and converting it into poor, is calculated as 
follows : — 

a A. p. 

Cultivating 160 trees on 1 heeijah of ground, as before calculated, 

= E. 21-3-2 ; assuming these trees to be in full bearing for the 

average 20 years, the expense per annum is 1 011 

Half the annual rent, at E. 2 per heegah 100 

Labour of collecting and boiling the juice ; 2 gaucheas at E. 3 per 
month each, and one headman at E, 4 to boil the poor, can fully 
manage 200 trees, on which their wages for 3J months will 

amount to E. 35 ; for 160 trees 28 0 0 

Earthen iwts for holding poor, say 296, of 10 seers each, and costing 

12 annas per 100 2 3 6 

Earthen pans for boiling, extra jars, &c 600 

Soondrg wood fuel (in addition to dried date-tree leaves) for boiling 

poor, 400 mds. at E. 5 per 100 mds 20 0 0 

Knives, ropes, and boiling utensils 1 0 0 

Setting up furnace and chopper roof 1 0 0 

60 4 5 

Deduct value of soondry wood charcoal from the furnace 10 0 

Nett cost of 78J bazar mds. (5645 lb.) of poor at the average rate of 
12 annas (Is. 6d.) pel maund 59 4 5 (ol. 18s. 6id.) 

From an estimate of the quantities of palm-sugar purchased for European refineries, added to 
the native refined sorts sold for export in the Calcutta market, under the names of gurpatta and 
dobarrah, Eobinson concluded that 9500-10,000 tons, or at least i of the whole annual quantity of 
sugar exported to England from India was in 1850 composed of palm-sugars. The attention 
bestowed by Europeans on the production of these sugars for the Calcutta or homo markets, has 
been conflnetl to the remanufacture or refining of the native raw material (khaur, duUoah, &c.) ; for 
this purpose, it is held in great esteem, producing a good-coloured and well-crystallized sugar, and 
yielding a greater percentage in weight of refined goods than can he obtained of equal quality from 
the same weight and class of cane-sugars. On the other hand, raw palm-sugars are more liable to 
deteriorate by being kept in store, losing both colour and strength rapidly ; this applies, however, 
to the raw products only, the refined or reboiled sugars bearing transport and storage as well as 
those from cane. 

The cause of these peculiarities appears to Ee in the larger proportion of gluten present in palm- 
sugars : they are no less remarkable in the molasses than in the sugar itself, that from palm-sugar 
possessing far less saccharine matter, and being of much darker colour than that from canf, which 
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iB probably cansed by tbe gliiten being partly decomposed by the lime and beat of the boiling 
process. Another distingnisbing feature is the absence from palm-engar of the empyrenmatie oil 
obeerrable in the cane product, and which gives to mm its well-known flavour. 

Considering the low cost of palm-sugars, and the little tronble and risk incurred in rearing the 
trees, it seems at first glance remarkable that Enropean planters have not entered upon this culti- 
vation for producing sugar on a large scale. But discouragements no doubt exist in the nature of 
land-tenure in Bengal, the length of time the trees occupy in coming to full bearing, and the 
difficulty of collecting the juice for boiling into sugar by tbe European method after they have been 
reared. It has been shown that the annual produce of a full-grown plantation is equal to 78} 
mounds of goor per Bengal beegah, which, converted into khaw, may be taken as equivalent to about 
5} tons of muscovado sugar per acre. 

Sorghum- and Maize-sugar. — The saccharine value of the graminaceous plants known as 
K. China cane, Guinea com, millet, durra, imphee, sorgo, &c. (chiefly Bjrghwn saccharatum, S. 
rmlgare, and S. caffrontm), has for ages been recognized in Africa and China ; and it would seem 
that sugar was extracted from maize (^Zea Mays) by the ancient Mexicans. Of late years, new 
attention has been attracted to these plants as sugar-producers, principally in tbe United States, 
but also in Canada, Australasia, India, England, and France. 

Qualities. — The cultivation of sorghum, maize, and pearl-millet, and the manufacture of sugar 
from their stalks, were made the subject of extensive experiments by the U. 8. Department of 
Agriculture, during 1879, and again since. The investigations demonstmte little difference 
between the various kinds of sorghum as sugar-producers ; and seem to prove that each of them is, 
at a certain period, nearly as rich in sugar as the best sugar-cane. This maximum content of sugar 
is maintained too for a long period, and affords time to work up a large crop. 

The varieties grown and investigated were Early Amber, White Liberian, Chinese, and 
Honduras sorghums, and pearl-millet. The analyses of each of the plants in successive stages 
showed that the uncrystallizable sugar diminishes as the true sugar increases. They differ widely 
in the date when the crystallizable sugar is at its maximum, but are alike in that it is attained at 
about the same degree of development, viz. at full maturity, as indicated by the hard dry seed, and 
the appearance of offshoots from the upper joints of the stalk. Analyses of several sorghums 
after they had been subjected to a very hard frost, sufficient to form ice J in. thick, and 
continued for 4 days, exhibited no diminution of crystallizable -sugar, and no increase of 
uncrystallizable ; but the influence of the subsequent thaw was noticeable in the diminution of 
crystallizable and increase of uncrystallizable sugar. Thus it would appear that protracted 
cold is not injurious to the quality of the canes, but that they should be worked up before they 
have thawed. 

The Early Amber, Chinese, Liberian, and Honduras sorghums, and the pearl-millet, were 

planted on the same day, May 15, 1879. The relative weights of the different kinds of stalk are : 

Early Amber, average of 40, 1-73 lb.; White Liberian, average of 38, 1'80; Chinese, average of 
23, 2-00 ; Honduras, average of 16, 3-64. 

These were grown side by side on land of equal fertility, and afford data for calculating tbe 
average yield of each per acre. Early Amber and Liberian closely correspond in their develop- 
ment. While these two attain a sugar-yield equal to average sugar-cane by mid-August, the 
Chinese does not reach this condition until late September, and the Honduras not nnlil mid- 
October. An average of all the examinations of the four sorghums during the periods when they 
were suitable for cutting gives the following results Early Amber, Aug. 13-Oct. 29 inclusive, 
‘14-6 per cent, crystallizable sugar; Liberian, Aug. 13-Oct. 29, 13-8 per cent. ; Chinese, Sept. 13- 
Oct. 29, 13-8 per cent. ; Honduras, Oct. 14-29, 14-6 per cent. 

Varieties.— Department now has 30-40 varieties of sugar-producing sorghums, all valuable 
to a greater or less degpree, according to the soil, climate, cultivation, seasons, and process of 
manufacture. Other useful varieties are doubtless to be obtained. The so-called “Honduras” 
sorghum is only one of the kinds indigenous to Honduras ; and there are probably several varieties 
growing in Central America, and even as far south as the Bio de la Plata in S. America. Early 
Amber is the favourite variety with planters in Minnesota and the N.-W. Minnesota Early Amber 
is claimed as an improvement upon the Early Amber, obtained from selected seed sent to a more 
southern latitude to be grown and then returned to Minnesota. 

Early Amber receives its name from its early ripening, and from the bright amber colour which 
characterizes its syrup when projierly made. It is very rich in saccharine matter, and when 
properly treated, its products are devoid of the peculiar “ sorghum ” taste formerly complained of, 
the flavour being similar to that of pure honey. The Chinese sorgo is about the same height as 
the Early Amber. Its seed-heads are fuller and more compact, somewhat resembling a head of 
sumach, whence the synonym “ sumach-cane.” White Liberian is rather taller than Early Amber. 
The stalk curves at the top, leaving the head pendent ; hence the synonym “ Gooseneck.” It is 
also styled a variety of the White Imphee. The Honduras cane grows about one-half taller than 
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either of the other Tarieties. Its seed-top is reddish-brown and spreading; hence its name 
“sprangle-top.” It is also called mastodon ” and “ honey-cane.” 

Cultivation. — Soil. — Some cultivators fear that new land imparts a strong flavour to the syrop. 
Others say that old land produces a syrup of brighter colour, but not of better flavtntr. An advan- 
tage of new timber land is the small amount of cuUisatieB r equi red. Costly culture on old land 
will not pay in opposition to cheap culture on new land. New land is comparatively free from foul 
seed, and consequently less liable to weeds. If it is necessary to clear old land of weeds, or to 
fertilize it with farmyard manure, a crop of com should first be grown on it. General opinion is 
in favour of a sandy, upland soil, well drained, but not freshly manured. Manuring spoils the 
flavour of the syrup. The majority of cultivators are in favour of indefinite repetition of the crop 
on the Kime soil. Some have cultivated the same ground for 7 years without deterioration, the 
product ranging from 250 to 300 gal. of syrup per acre. The soil is not required to be very rich. 
Land too poor for wheat has given 200 gal. per acre of excellent.syrap. 

Preparation of the Ground. — Fall (autumn) ploughing, putting the plough to the beam, causes 
all foul seed, and especially pigeon-grass, to germinate in the full, and be killed in winter. Another 
advantage is that the crop is less liable to injury from droughts in the early season. A large crop 
can be raised the first year on open prairie and at the first breakage, especially if the La Dow 
harrow be used. When the ground becomes sufficiently warm in the spring, some go over it with a 
Beaver Dam seeder, and then with a drag and roller. This treatment efiectually disposes of the 
grass, generally considered of first importance. 

Time of Planting. — The cane should be planted as early as it is possible to work the ground 
properly, avoiding late frosts. The ground should be well warm before the seed is put iu. In 
Minnesota, the average seeding-time is early May ; it should not be quite so early on ground 
impregnated with grass-seed. If postponed till the season is warm enough to germinate the seed 
quickly, better results may be got, as a late spring frost may cut down early plants, and, before 
they grow again, pigeon-grass is apt to start up profusely. 

Seed. — By steeping the seed in warm water for 24-48 hours, it becomes sprouted, and grows 
more rapidly ; but a dry season will kill the sprouted seed, and the crop will be a failure. Seed 
brought from the latitude of St. Louis is in great favour. Some Minnesota growers send their seed 
to Missouri and Kansas to have a crop grown and its seed returned. Seed imported from S. 
Indiana produced, on its first sowing, stalks 12-15 ft. high ; but by planting the seeds of each crop, 
its successor showed a declining height, until it was but 7-8 ft. The sugar-yield also diminishes. 
The deterioration of the 


seed is generally not very 
marked till the third year. 
Southern seed excels less 
in an earlier ripening of 
the crop, than in increased 
product, in some cases 
amounting to one-third. 
The seed has a value of 
its own for feeding hogs, 
sheep, and poultry. 

Planting. — Planting 
must be deep enough to 
secure moisture, heuce, 
early plantings should be 
shallower than late ones. 
Some growers plant in 
rows 3-3J ft. each way, 
and use 2 lb. of seed 
per acre, or 6-7 seeds to 
the hill, thinning out ut 
the second hoeing. Seed 
should not be planted in 
the trough of the marking 



furrow, where heavy rain 

is apt to wash it away, but on the edge. Others plant at 15-18 in. one way and 3 ft. the other, 
the rows running north and south. A tract of 4 acres sown broadcast produced at the rate of 


450 gal. per acre. Many planters practise stepping upon the seed as placed in the ground, urging 
that the close pressure of the soil around the seed enables it to germinate more rapidly. Stepping 


the seed causes the ground to bake, if it is wet clay. 


Culture. — The leading point presented in the culture is keeping clear of weeds. Thi^requires 
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prompt action with the hoe, drag, and cultivator. The plants are too tender for ^:homaB’8 harrow. 
Tire crop should be thoroughly hoed, until large enough to cultivate with the plough or cultivator. 

Time to Cut the Cane. — The best results may be got from early cuttings, if there is a risk that 
extremely hot weather will invert the crystaUizable sugar. The proper time is when the ^ed is in 
the “stiff dough,” or from Aug. 28 to Sept. 1. The juice seems to improve for a few days, but 
afterwards it begins to decline in saccharine matter. The earlier the cutting after the seed has 
reached the dough stage, the larger the product, and the brighter and cleaner the syrup. 

Harvesting.— With regard to stripping off the leaves, it is urged that if the leaves are put 
through the mill with the stalk, they absorb a large portion of the juice, but this should not be the 
case with mills of sufficient power. The cost of stripping the leaves before cutting is estimated at 
$15 (31.) per acre, and it would not pay unless labour were plentiful and cheap. The Agriculture 
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Department experiments show little or no difference between stripped and unstripped cane, 
although the mill used was an indifferent one. The cane should be cut, some say, at 6-8 in. from 
the ground, and others, at the first joint. The top should also be cut off at 18 in.-2 ft. Some 
planters lay the cane in windrows, and others oppose the practice, as exposing the leaves, if not the 
stalks, to mildew. Some insist that cut cane should be immediately placed under cover, to avoid 
evaporation by the sun ; others pile in ridges 4 ft. high, and cover the mass with marsh hay, 
laying poles along the piles every 2 ft., in order to admit fresh air ; others again pile it as sugar- 
cane is sometimes piled in the field, crossing the hills in such a way as to secure ventilation, and 
shed the rain. Crops kept in these different ways for several weeks are reported to have produced 
large and. fine syrup returns. 
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Transport fo the Mill.— It is best for the farmer to manufacture the cane as well as raise it. In 
moving the cane from the field, there is much to be said in favour of bundling it. Some de^pitate 
it with a broad axe, after binding. The points to be kept in view, both in the transportation and 
in the storing of the cane, are protection from the weather, and such ventilation through the mass 
as will prevent mildew. 

Manufacture . — The extraction of the juice from sorghum-stalks, and its conversion into sugar, 
is almost an exact repetition of the operations connected with the manufacture of cane-sugar 
(see pp. 1860—1902). The machinery and apparatus are identical in principle and purpose, but are 
usually constructed on a much smaller scale, as well as being often of a portable nature. 

Crushing-mills.— The Victor mill, made by the Blymyer Company, Cincinnati, is in very 
common use in the United States. It is arranged either vertically or horizontally, and is adapted 
to aU kinds of motor. There are 7 sizes. 

The smallest requires 1 H.P., gives 40 gal. 
of juice per hour, weighs 395 lb., and 
costs about 101. ; the largest takes 4 H.P., 
runs 170 gal. per hour, weighs 1900 lb., 
and costs about 461. 

Evaporators. — Figs. 1385, 1386, show 
respectively a portable and stationary 
Cook evaporator made by the same firm. 

The former consists of pans 44 in. wide, 
and 6-9 ft. long, ranging in capacity from 
40 to 90 gal. a day. When the pans are of 
galvanized iron, they cost 13-171. ; when of 
copper, 11-141. more. Each contains a 
portable furnace. The whole can be lifted 
into a wagon by two men, and conveyed 
thus from field to field. The stationary evaporators are made in 7 sizes, 44 in. wide, and 6-15 ft. 
long. With a capacity of 40-180 gal. a day, the prices are 6-181. for galvanized iron, and 16-421' 
for copper. 

Fig. 1387 shows McDowell’s evaporator, 6 ft. diara. and 2 ft. deep. It is furnished with steam- 
coils 125 ft. long, and a diaphragm directing the currents of evolution over the steam-coils, up the 
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outside and down the middle axis. In the centre, is an adjustable funnel-shaped skimmer, which 
can be raised or lowered to the level of the boiling juice. It catches the scum, and delivers it by 
a pipe through the bottom of the evaporator. Two evaporators will reduce 600 gal. of defecated 
juice by one-half in IJ hours. * 
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McDowell’s concentrator, Fig. 1388, differs in having a closed top and a wateAjet condenser, 
producing a vacuum. In this, 600 gal. of evaporator-juice are reduced to 200. The product is 
then “semi-syrup,” and can be stored, or shipped to a refinery, or further reduced in a 
vacuum-pan. 

Fig. 1389 is a direct steam evaporator, which boils clarified juice by means of a steam-coil, 
the scum passing over into the trough around the upper edge. 

Fig. 1390 is a steam-train, made at the Colwell Iron Works, New York. It consists of 3 
clarifiers, and an evaporator, requires 
little labotu-, dispenses with pumps 
and ladles, and finishes the syrup 
np to the vacuum-pan. 

Fig. 1391 is a cheap home-made 
evaporator, which can be put together 
by an ordinary mechanic. It is con- 
structed by putting wooden sides 
and ends upon a galvanized iron or 
copper tray. 

Fig. 1392 shows Stubb’s evaporator. The first compartment occupies f of the whole pan, 
leaving J for the second. The juice enters the first compartment near the smoke-stack in a 
regular stream, passing around the semi-circle over the fire-box to cross-partitions, where it thickens 
to a semi-syrup. Being over the hottest part of the furnace, it rises to a light foam, which breaks 
to the lowest point where the cool juice enters, not only keeping back the green scum, but carrying 
all the scum off 30 ft. of surface, where 
it is scraped off without loss of sugar. 

The semi-syrup is turned into the 
second compartment at intervals, to 
be finished under full control of heat 
governed by dampers. 

Defecators. — Fig. 1393 is McDowell’s 
defecating-tank, 8 ft. long, 5 ft. wide, 
and 2 ft. deep. The bottom is covered 
with a steam -coil, and contains a 
strainer, through which the clear juice 
can be drawn. Each tankful can be 
treated in 30 minutes. Two of these 
tanks suffice to defecate 600 gal. per 
hour. 

Fig. 1391 represents the apparatus required in F. L. Stewart’s process: a defecating-tank D, 
a short 10-gal. cask C, a lacquered funnel P with indiarubber ring around the neck, a plug r for 
thrusting into the throat of P, and a piece of indiarubber piping K. Directions for its use are as 
follows ; — Place the cask on a bench nearly level with D. Pour 1 gal. of water into the cask, 
then pour J gal. sulphuric acid into a wooden bucket, allow it to flow thence into the cask, and well 
mix it. Next insert the rubber-covered neck of the funnel tightly into the larger hole in the head 
of the cask. Compress one end of the long tube slightly, and insert it in the smaller hole. Insert 
the plug with the rubber ring around it in the throat of the funnel closely, and it will be air-tight. 
This is then ready to work, as indicated in section 6. 

Some of Stewart’s patent powder is dropped quickly, 1 lb. at a time, through the funnel 
into the cask containing the diluted acid, the plug is quickly inserted, and immediately sul- 
phurous oxide escapes through the tube into the clear juice in the tank D ; 1 lb. of powder is 
usually sufficient for 150 gal. of juice when its gas is all discharged. The juice must absorb the 
gas until it becomes acid. Never allow the cask to get more than half-full of the mixture, or 
the sulphuric acid may foam over into the juice and decompose some of the sugar. Lift the 
end of the rubber tube out of the tank when the gas ceases to flow, or the juice may be forced 
back into the cask. In factories where 1000 gal. of juice are run into the defecating- 
tank at once, a 40- or 50-gal. cask should be used. The sulphuric acid is neutralized when 
about an equal weight of the powder has been dropped in; therefore 1 gal. of acid poured into 

2 gal. of water will eliminate the gas from about 14J lb. of the powder. 'When this proportion 
has been reached, or when the gas ceases to flow upon the addition of more powder, empty the 
contents of the cask, preserving the fine sediment for use as a fertilizer ; it is principally sulphate 
of lime. Kinse out the cask, and go on as before. 

The complete operations are (1) Heat the freshly-expressed juice in a copper or tinned-iron 
vessel to 82° (180° F.) ; (2) stir in gradually milk of lime until the red test-paper turns blue : about 

3 pints to 180 gal. of juice is generally needed ; (3) heat rapidly to the boiling-point, and then shut 
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off the heat, or remove the'vessel from the fire ; (4) as soon as the sediment begins to settle, siplion 
off the clear liquid from near the top into cooling- or defecating-tank, until at least Jg of the juice 
has been removed, leaving a thick muddy sediment at the bottom ; (5) sweep out this muddy 
sediment with a broom through a large opening at the bottom of the heater, into a smaller vessel 
below, and rack off any 
clear juice that afterwards 
separates from it, and add 
to the contents of the de- 
fecating - tank ; (6) into 

each 150 gal. of this clear 
and partly cooled juice in 
the defecating-tank D, in- 
troduce as much gas as is 
produced by operating with 
1 lb. of the powder, or until 
blue litmus-paper is reddened ; (7) the juice is run iuto the evaporator, and boiled rapidly in as 
shallow a bed as possible, removing any scum that forms : it should continue acid until the close 
of the boiling ; (8) before the syrup has become very dense, it is passed from the evaporator into 
the finishing-pan. Evaporate here rapidly to a dense syrup, stiiring constantly at the last, when a 
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white cloud begins to be seen 
in it at about 113° (235° F.) ; 
turn out into the cooler, and 


remove to a warm place to 
crystallize : when cooled to 
about 38° (100° F.), stir a few 
grains of sugar in to hasten it. 

CJoolers.— Fig. 1395 shows 
a very convenient arrange- 
ment for cooling syrup. 

Complete Factory. — Fig. 
1396 illustrates the arrange- 
ment of a complete sorghum- 
sugar factory. The juice, after 
running from the crushing- 
mill iuto a tank on a lower 
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level, is pumped iuto the juice-tauk a. b is the defecator ; c, settling-tanks ; d, supply-tank for 
evaporator e ; /, supply-tank for strike-pan g ; A, receptacles for scum ; *, trucks for conveying the 
syrup to the sugar-room. The cost of such a factory is about 200W. for a small size. 

Zociil Zetiiils.—Ia Kew South Wales, sorghum has been found to stand frost better than the 


sugar-cane proper, and is little affected by floods. It comes to maturity in 5 months, and therefore 
may be employed as an interval crop, 
alternating with sugar-cane, and 
keeping the sugar-mdls going. In 
1868, there were 296 acres planted 
with sorghum in various districts ; 
but in 1872, this was reduced to 
32 acr es. Growers expect li-2 tons of 
sugar to the acre. When not grown 
for sugar, the plant yields abundance 
of valuable food for cattle, at the rate 
of 30-40 tons of cane per acre. 

In France, Vilmorin states that 
it is capable of yielding on an 
average, from an acre of land, 

26 000 lb. of juice, containing 10-13 per cent, of sugar : and that is more than the average 
yield of the sugar-beet. It is alleged, however, that the plant is adapted to only a few parts of 



S. France. 

Wray asserts that some of the varieties which he introduced from Natal gave SO cwt. of sugar 
per acre, and that it has yielded from a poor hand-mill 68 per cent, of juice, containing 15 per cent, 
of sugar. Where the sugar-cane has yielded 30 cwt., sorghum has given 25, but then there is often 
a second and a third crop to be obtained within the year. Sorghum can in many localities be 
advantao-eously utilized for preparing syrup. For this purpose, the juice is expressed at the time 
of flowering, and simply evaporated ; the yield is about 100 gal. per acre. ^ 
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Since 1855, its cultivation has steadily increased in many countries. It is grown in France and 
Algeria, for alcohol chiefly ; in Italy for its syrup in wine-making. 

In the N.W. States of America, where it flourishes, there were in 1864, 366,670 acres under 
sorghum, and sorghum-sugar was selling in Cliicago at 4Jc?. a lb. In 1860, nearly 7 miUion gal. 
of sorghum-syrup were produced in the United States. This had increased in 1870 to 16,050,089 
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gal., and 24 hhds. of sorghum-sugar were made. In Kansas, there were 23,026 acres under 
sorghum in 1875. The produce was 2,542,512 gal. of syrup. Sorghum is cultivated to a con- 
siderable extent in the Ohio belt of counties, W. Virginia. It is used entirely for the manufacture 
of syrup for home consumption, where the locality has been more or less denuded of its maple- 
trees. Most persons prefer the syrup prepared from the maple (see pp. 1902-3) to that from 
sorghum, as the latter has too commonly an acid taste. The total production for W Vireinia was 
given in 1876 at 780,829 gal. ° 

W. Ingram has reported on experimental cultivaHon of Minnesota Early Amber sorghum on 
the Duke of Kutland’s estate at Belvoir, in the season 1880. Two sowings were made in April • 
one within the shelter of a frame, and one in the open ground. In the latter instance the seed 
failed to germinate in April, and only a few grains vegetated in May. This was much owing 
to the ungenial weather. The portion sown in a frame appeared in April, and made rapid and healthy 
growth. But owing to the subsequent very unfavourable weather, the crop failed to reach the 
point of maturity indicated by production of seed, and did not attain sufficieut ripeness to elaborate 
the juice in sufScient quantity for experimental manufacture of sugar. It seemed, however to 
promise a valuable nutritious food for pigs. The occurrence of severe frost in October completely 
destroyed the crop, showing that it must be harvested before the end of September, or early enough 
to secure it from frost. The seed cannot with safety be sown so early as April, and probably the 
2nd or 3rd week in May would be early enough ; the rows need not be more than 2 ft apart The 
inherent vitality of the plant is encouraging. After being checked and injured by 3 months of 
cold, wet weather, with the arrival of a Uttle warmth, it speedily regained health, and made active 
and vigorous growth. In America, the best results have been obtained on li-ht loamy soils 
resting on porous subsoil. The plant wiU bear removal from its seed-bed remarkably well ’ 

Starch-sugar, and other Glucoses.-Under this head, are included the various factitious 
sugars, syrups, and brewing compounds, obtained by the artificial conversion of starch (see 
pp. 1821-9) into sugar, and from the refining of cane-sugar. '' 

Fonnatim.-FTom the theories of different chemists concerning the formation of dextrine (see 
pp. 1645-7), and the transformation of starch into dextrine and starch-sugar, the following conclu- 
sions may be deduced (1) Starch torrefied at a temperature not exceeding 180°-200° (356°-392° F ) 
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is largely transformed into dextrine. (2) Starch heated with dilnted acids changes in the first 
place into soluble starch, and then into dextrine and starch-sugar. The quantity of the sugar 
formed depends on the concentration of the acids, and increases considerably during the period of 
its action, while the amount of the dextrine at the same time decreases. (3) Starch heated with a 
solution of diastase (malt-extract) will likewise at first change into soluble starch, of which the 
larger part is first turned into dextrine and the lesser into sugar. The quantity of starch-sugar will 
depend mainly on the temperature under which the diastase operates. A large quantity of sugar 
is formed at 60°-65° (140°-149° F.); but at increased temperatures, say 65°-75° (149°-167° F.), 
larger quantities of dextrine are formed, until finally, by continued increase of temperature, the 
diastase itself is destroyed. (4) Sugar formation increases during the action, by the diminution of 
the dextrine, especially when the sugar formed is eaused to ferment by yeast, and is thereby 
removed. The quantity of sugar formed but little exceeds that of the dextrine, even in the most 
favourable cases. 

Principles of Manufacture, — Starch-sugar finds no application which mixtures of crystalUzable 
and uncrystallizahle sugars cannot fulfil, and is merely a substitute. Hence its manufacture is 
only advantageous when it can be produced more cheaply than cane- or beet-sugar. The article 
appearing in commerce is very often far from being pure grape-sugar, and contains upwards of 50 
per cent, of water and unfermentable substances. The relative quantity of sulphuric acid used in 
the transformation is of importance, as the time needed for conversion is dependent upon it. The 
transformation occurs much more rapidly when 2 than when 1 per cent, of sulphuric acid is added. 
Boiling under increased pressure also reduces the time of the operation. The sulphuric acid 
remains unchanged by the process ; but a full explanation of its action has not been given. It 
can be removed from the liquid by carbonate of lime. 

According to calculation, every 220 lb. of dry starch should furnish 238 lb. of dry sugar, 
corresponding to 264 lb. of crystalline starch-sugar, if the transformation were perfect But 
complete transformation does not occur until after the lapse of 36 hours, or even longer, when, by 
the simultaneous action of the sulphuric acid upon the sugar that had been formed many hours 
previously, targe quantities of other products accumulate in the solution. The products of 
decomposition thus formed constitute a greater evil than the small quantities of dextrine otherwise 
retained in the finished sugar. Too long boiling of the starch with sulphuric acid produces an 
entirely useless article. The transformation of starch into dextrine and starch-sugar by diastase 
(malt) occurs most rapidly and completely at the “ mash ” temperature of 60°-65° (140°- 149° F.). 
The formation of soluble starch in this case takes place in a very short period. Starch-gum and -sugar 
are produced simultaneously, and the starch-gum (dextrine) itself cannot be completely trans- 
formed into sugar, even by continued action of the diastase ; if, to the solution thus obtained, about 
1 per cent, of sulphuric acid is added, and then boiled, an approximately complete transformation 
takes place, especially if the boiling is done under pressure. 

These general remarks suggest the following rules for practice : — Pure crystalline starch-sugar 
can only be produced by means of sulphuric acid and long-continued boiling. A short boiling in 
sulphuric-acid water produces a glucose containing considerable quantities of an intermediate 
product between gum and sugar. The sugar thus obtained is not hard and crystalline, but soft and 
tough, and becomes moist in the air. From a syrup thus produced, no solid sugar separates, 
because the starch-gum prevents the separation. With a syrup obtained by too long boiling, there 
ensues a separation of starch-sugar in a grainy condition. This is considered as spoiled glucose. 
[The term “ glucose ” in America is reserved for starch-syrup which wUl not become solid.] Syrup 
prepared by means of malt alone contains a considerable amount of dextrine. By the application 
of sulphuric acid, after the use of malt, the dextrine can be transformed in a great measure into 
sugar. Starch-sugar can be made directly from potatoes, grain, moss, wood, fruits, honey, &c. In 
the manufacturing industries, it is mainly made from starch ; but the manufacture firom wood is 
now being carried on in one factory. In the United States, com-staroh is with but few exceptions 
employed; in Europe, potato-starch. Quite recently cassava-roots (see Starch — Tapioca, p. 1828) 
have been used ; the yield from an acre of this crop is said to be 20 times as great as that from an 
equal area of com. 

Starch-sugar appears in commerce in 5 different forms, (1) starch-syrap ; (2) a sticky mass, 
termed “imponderable syrup’’ or “glucose”; (3) granulated sugar; (4) common solid sugar; 
(5) refined solid starch-sugar, distinguished by its whiteness and sweet flavour, which are secured 
by refining. 

Mantjpactuee.— T he manufacture of starch-syrup and starch-sugar by means of sulphuric 
acid is divided into the following operations : — (1) Boiling the starch in sulphuric-acid water ; 

(2) removal of the sulphuric acid (in the state of sulphate of lime) from the solution ; 

(3) evaporating and refining the sugar solution. These are performed in various ways. 

Bailing. — The boiling of the starch in water containing sulphuric acid is best performed in a 
wooden vessel by direct admission of steam, with, however, the disadvantage of introducing much 
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water. Lining the vessel with lead is not necessary, but increases its durability. Formerly the 
boiling-vats were constructed in such a manner that they could be heated underpressure; but 
the starch becomes somewhat thin and liquid, because the steam condenses. 

The modem stirring-tnb (Fig. 1397) has a spiral copper worm, through which steam circulates. 
By this means, the mass is brought to a boil without being diluted, so aslo show 19°-20° B. when 
cooked. There is thus a great saving of fuel. The staves 
for the vat are of good pine, 2J in. thick. A vat to boil 
twice a day 3300 lb. of green starch, should be 8J ft. 
high. Its diameter below is 5| ft., and above 5J ft. ; 
it is open above, with a cover to be laid on, and a 
chimney. The chimney is square, and made of f-in. 
pine boards, lOJ in. wide in the clear, and of a height 
to project above the roof, to carry off the odours. The 
vat is placed upon a strong framework, so that the boiled 
starch can run into the neutralizing-coops by means of 
spigots above the bottom. The copper worm has a 
diameter of J in., so that it may be inserted in the vat 
without trouble. ' The rings are fastened with brass 
clamps. Nothing is made of iron ; all screws and nuts 
are of copper. The condensed steam escapes at the side through a pipe connected with the copper 
worm and is carried to the condensed-water tank. 

The requisite quantity of water is placed in the vat, and heated to boiling, after the previously 
diluted sulphuric acid has been added. The starch, mixed with lukewarm water to a milky 
consistency, is gradually run into the vat from the stirring-tub, while the liquid in the boiling-tub 
is kept at a constant boil. As the starch deposits quickly from the starch-milk, the solution must 
be constantly stirred. The larger the quantity of the bolting liquid, the less tendency there will be 
towards the formation of a paste. If no stirring-vat for the starch-milk is placed over the boiling 
apparatus, the starch-milk must be poured into the boiling sour water in portions. For each 220 lb. 
of air-dry starch (holding 10 per cent, of moisture) about 40-55 gal. of water, and generally 4J lb, 
of sulphuric acid are used, when syrup is to be produced ; for the manufacture of solid sugar, the 
acid may be increased to Sf lb. The water stated includes that used for stirring the starch. The 
quantity must at any rate be such that the worm in the converter is covered. As the starch used in 
glucose-factories is generally prepared there, and as the green starch can be well preserved in vats 
and barrels, it is generally applied in a moist condition ; hence, instead of using 440 lb. of dry 
starch, a larger quantity of green starch is taken, and the water contained in the green starch is 
allowed for. 

When the entire quantity of starch-milk is in, the boiling is continued until the transformation 
is accomplished. If syrup is to be produced, the boiling is of shorter duration than for solid 
sugar. During the boiling of potato-starch, a very disagreeable, penetrating odour is developed. 
At short intervals, the liquid is tested, first with a solution of iodine, and afterwards with alcohol. 
For the iodine test, a few drops of the sugar liquid are placed in a test-tube, diluted with cold 
water, and treated with a few drops of solution of iodine ; when the liquid is no longer coloured 
violet or reddish, the transformation into dextrine and starch-sugar is finished. For the alcohol 
test : a little of the liquid in a test-tube is added to an equal or double volume of strong alcohol ; 
the stronger the white separation caused thereby, the larger is the quantity of dextrine still 
present. Even when the precipitation ceases, some dextrine is still unchanged ; a ready means 
for determining its complete transformation into sugar is not yet known. 

NeutraUzatim and Filtration . — When the transformation is sufficiently complete, the sulphuric 
acid is neutralized by the application of carbonate of lime. The acid decomposes the lime, carbonic 
acid gas escapes, and insoluble sulphate of lime is produced ; the liquid loses its acid' reaction 
and becomes neutrak This operation can be conducted in the boiling apparatus, but, in most cases' 
is performed in neutralizing-vats. These are flat vessels, whose height stands to their width in the 
proportion of 1 to 3. The most suitable form of carbonate of lime is chalk, but limestone free 
from clay can be applied. It is indispensable that it should be in fine powder. A handful of this 
powder is thrown at a time into the hot, acid liquid, constantly stirred and mixed till no further 
ebuUition ensues. Some manufacturers apply the chalk in bags, whereby the settling and refining' 
are simplified. Each 1 lb. of sulphuric acid contained in the liquid requires 1 lb. of pure carbonate 
of lime; of chalk or limestone, more must be taken, as they are not pure carbonate of lime 
Excess should be avoided, so as not to unnecessarily increase the sediment. As soon as titrations 
show a perceptible approach to neutrality, the liquid is boiled for a short period before more 
carbonate is added. The cessation of effervescence is a partial index of neutralization. The final 
additions should be of chalk-milk,— powdered chalk stirred in water to a milk, and used after the 
coarser parte have settled. Slaked lime is inadmissible, because it destroys the' starch-sugar 
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Neutraliziition being complete, the muddy contents of the boiling-tnb are run into a wooden 
depositing-tank, of greater height than width, supplied with spigots for drawing off the liquid. 
In large establishments, a reservoir is placed in the ground adjacent to the boiling apparatus, and 
lined with brickwork. Into this, the contents of the boiling apparatus are drawn, and afterwards 
pumped into the depositing-vat. After the lapse of 12-24: hours, the sulphate of lime is deposited, 
so that tlie saccharine liquid may be drawn off. The sediment still contains a considerable 
amount of saccharine liquor. For the recovery of this residue, various methods have been 
applied, such as tlie following. 

Filtering-barrels consist of vertically placed bands with sieve-bottoms. Above the sieve- 
bottom, a piece of coarse cloth is spread, covered with cut straw or coarse river-sand, for the recep- 
tion of the residue. The liquid runs out by the stopcock in the lower bottom, pure and clear. 
The first portion is returned to the filter. Upon the residue, gypsum-water is carefully poured, 
after the upper layer has been made even, and is somewhat loosened ; the absorbed sugar-liquor is 
thereby dislodged. Or the residue is strained through bags or cloths, the press-cakes being again 
saturated with water, and the pressing repeated. The most general practice is to use bag-filters 
(described on p. 1889), or filter-presses (described on pp. 1838-9, 1848-9). 

Ev'tpoi-alion and Refining . — The evaporation of the clear sugar-liquor is accomplished either over 
a direct fire or by steam. In the first case, flat pans are used, whose bottoms are only touched by 
the fire ; in the other case, vacuum-pans. The evaporating cannot, however, be conducted uninter- 
ruptedly, since the solution yet contains dissolved gypsum, which begins to separate during the 
evaporation, by letting the liquid stand. The evaporating, therefore, is divided into two periods ; 
(1) to a thin syrupy consistency, and (2) to a dense syrup after the removal of the gypsum. It does 
no harm to add sugar-liquor to the pan in the same ratio as the contents diminish by evaporation. 
The scum produced during the process is taken off with a skimmer. 

As soon as the separation of gypsum makes it necessary, or when the liquor has reached a con- 
centration of 20^-30'’ B., it is. transferred into upright barrels, provided with spigots, for depositing 
and separating the gypsum. When finer cloths are put into a filter-press, the latter may also be 
used with advantage for separating the gypsum. When this is accomplished, after the lapse of 
several days, or at once if filter-presses have been used, the clear liquor is drawn off and evaporated 
in the same pans, or in extra pans, to a dense 'syrupy consistency (40°-45° B.). In large factories, 
vacuum-pans are used for this purpose. The deposits of gypsum &om the barrels are placed in 
bag-filters, and then pressed. 

Evaporation in open pans does not allow of economy of the steam or fuel ; besides this, the 
liquor, when exposed to too high a temperature, acquires a dark colour, and, at the finish of the 
boiling, a strong formation of scum will ensue. Hence closed evaporating apparatus has for some 
time been used. Steam- and vacuum-pans have been already described (see pp. 1891-8). 

As a brown colour is desired for glucose-syrup, if it is intended to be substituted for or mixed 
with cane-sugar syrups for making stout or porter, decolorization by means of bone-black (animal 
charcoal) is not always demanded. If the syrup is not to be decolorized, it is boiled down in the 
vacuum-pan to 40°-42° B. at 60°-65° (140°-149° F.), and again forced through the filter-press. 
The syrup, while passing through tlie filter-press, must be kept at a temiierature of 75° (167° F.). 
The saccharine liquor is passed through filters of coarsely powdered animal charcoal (as is 
done in beet- and cane-sugar manufactories), or refined with fine charcoal, to produce an 
absolutely decolorized syrup, and to improve its flavour. The filtering through bone-black is 
best accomplislied at 32° B. at 60°-65° (140°-149° F.). This is done after the gypsum has 
deposited itself by prolonged rest, the liquor being previously re-heated. If starch-syrup is 
long kept at a temperature near its boiling-point, it assumes a darker colour and becomes 
sweeter. 

On the manufacture of solid starch-sugar, little needs to be added to the preceding remarks. 
Whether the syrup remains liquid, or in time congeals into solid, grainy sugar, depends less on its 
concentration than on its quality. If a quantity of dextrine is still present, the syrup will remain 
liquid even at 45° B. If the starch has been very completely transformed into sugar, the resulting 
syrup will, by good concentration, gradually congeal entirely to a grainy sugar. Such syrup is 
permitted to stand in moderately warm rooms, in wooden or earthen vessels, until it congeals. For 
producing a solid white sugar, the treatment with bone-black for the purpose of decolorizing is 
indispensable. 

Liquid syrup is generally packed in strong casks or tuns of soft wood, and is liable to excessive 
shrinkage. During hot weather, its transportation is difficult, since the syrup often absorbs 
the water contained in the wood, the casks become dry, and the syrup leaks out. In case the 
boiling process has not been properly attended to, the product will easily ferment and spoil. Hence 
the article appears in commerce principally in a solid form. If the concentrated syrup, after 
cooling off, is stirred or beaten, it will coagulate in 8-10 hours so perfectly as to assume a soap- 
like consistency, without altering its quality. In this condition, it can be far better presBrved and 
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more easily transported. But liquid glucose which coagulates very quickly is not* adapted to form 
an article of the syrup trade. 

When the product is to be disposed of as solid sugar, and not as syrup, the liquor is evaporated 
in flat vessels to 40°-42° B., and then placed in crystallizing-pans. After the crystallization has 
commence, the sticky liquid is filled into small barrels, where the mass in a short time entirely 
coagulates, and can be shipped. It may also be allowed to become solid in the pans, and then be 
ground and packed. Some manufacturers produce a dry and grainy sugar ; it is then of importance 
that the transformation of the starch into sugar is as complete as possible, since the presence of 
great quantities of remaining dextrine will hinder granulation. 

Common starch-sugar is identical with liquid starch-syrup, except in the proportions of water 
present ; but in general, the composition is so varied that scarcely two samples are exactly alike, 
as may be seen from the subjoined analyses : — 



Starch- 

•symp. ! 

1 Common Starch-sngar. 


I. 

! II. 

1 III. 

IV. 

V. 

Water 

21-8 

20-8 

27-8 

27-4 

26-0 

Sugar 

42-2 1 

56-0 

56-2 1 

58-8 

61-5 

Dextrine and intermediate products .. .. 

35-4 

22-6 

15-6 

13-3 

12-0 

Mineral ingredients j 

0-6 

0-6 

0-4 

0-5 

0-5 


100-0 

100-0 

100-0 

100-0 

100-0 


Other Methods . — There are a few other processes which have received application on an 
industrial scale. They are briefly as follows : — 

Manbre’s Method. — The conversion of starch into sugar proceeds much faster when the boiling 
takes place under pressure : upon this fact rests Manbre’s method. The mixture of starch with 
diluted sulphuric acid is boiled at a high pressure, and at a temperature of 160° (320° F.). By 
this treatment, the action of the acid is increased, the transformation is more perfect, and the 
volatile oils which impart a disagreeable flavour are distilled off and destroyed. Use is made of a 
steam-boiler, constructed to withstand a pressure of 99 lb. a sq. in. (6 atmos.); it is lined inside 
with lead, and covered outside with a double casing. The intermediate space between the boiler 
and the casing is about 4 in. wide, and filled with non-conducting material. In the boiler o (Fig. 
1398), is placed a perforated leaden 
steam-pipe b. The starch-milk is 
admitted by the pipe c, furnished 
with a stopcock ; the boiler is sup- 
plied with safety-valves d, test-cock 
e, thermometer /, manholes g, re- 
ceiving-pipe h for the products of 
distillation (volatile empyreumatic 
oils), steam-pipe i, liquor-gauge k, 
steam-pipe I, outlet-cock m, and 
water-pipe n. 

The substances are prepared for 
the boiler as follows: — 61 J lb. of 
sulphuric acid at 60° B. are diluted in 6150 lb. of water. While this mixture is heated in the 
boiler to 100° (212° F.), a further 61i lb. of sulphuric acid is diluted in 6150 lb. of water in an 
open wooden tank, supplied with a stirring apparatus. This mixture is heated by steam to 30° 
(86° F.). Into this latter liquid, 2464 lb. of starch are well stirred, and heated to 38° (100-4° F.). 
The starch-milk thus obtained is gradually poured into the boiling diluted sulphuric acid of the 
boiler by the pipe c, and the mixture is kept at a boil. As soon as all the starch is in the boiler, 
the cock of the conduit-pipe is closed, and steam is admitted until a temperature of 160° (320° F.) 
and a pressure of 6 atmos. are attained. The cocks h % are then opened for the outlet of steam and 
the products of distillation, while the temperature of the liquid is maintained by steam in the pipe 
6 at 160° (320° F.), until samples taken out by the cock k indicate complete transformation. This 
is attained, according to the purity of the starch, in 2-4 hours. After ceasing to form sugar, the 
sweet liquor is to be drawn off, for the neutralization of the sulphuric acid, into an open wooden 
vessel, supplied with a stirring apparatus and waste-cock, and 185 lb. of purified carbonate of lime 
are stirred into 550 lb. of water, and gradually added to the liquor. The sulphate of lime thus 
formed is allowed to deposit, which occupies 2 4 hours. The neutral saccharine solution is 
filtered, evaporated, cl^red, and crystallized as usual. The product is entirely pure, and free 
from any ytter or empyreumatic flavour. 
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EoBsling and^eichardt’s Process. — Rossling and Beichardt’s apparatus for the manufacture of 
starch-sugar on a small scale is shown in Pig. 1399. a is the furnace-opening ; b, the fireplace ; 
c d, the mechanism for supporting the barrel, consisting of a ring-plate and pipe ; e, the ashpit ; 
/, apertures with pipes and cocks ; g, the neck of the boiler ; h, the barrel of white pine, with a 
bottom at least 1 in. thick ; i, a tube made of 
linden or maple, 2 in. thick and f in. wide ; 
b, a pipe with four steam-outlets below, two of 
which are visible at I m. 

Anthon’s Method. — Excellent sugar is fur- 
nished by the method invented by E. P. 

Anthon, and patented in many countries. The 
manipulation is as follows : — 2640 lb. of dry 
starch are stirred up in 373 gal. of water to a 
homogeneous milk, and run uniformly into 
the converter, prewously charged with 53 
gal. of water and 48 lb. of oil of vitriol, and 
brought to the boiling-point, so that the mass 
boils uninterruptedly. During winter, the 
starch may be stirred with tepid water, but 
not so warm that it becomes pasty. When 
the mixture has been kept at a boil for about 
1 hour after the entire mass has been emptied 
in, the boiling is continued for 4-5 hours longer 
for making hard crystallized sugar, but when 
syrup is intended, 3 lioura’ boiling suffices. 

Por the neutralization, 66 lb. of good bone-black and 55-66 lb. of purified chalk are used. The 
chalk must previously be mixed in water and strained through a fine sieve. At first, 22 lb. of bone- 
black are gradually thrown in, and then the chalk-mHk is poured in through a leaden pipe reaching 
down to the lower half of the boiling-vat. But great care must be taken that the seething liquid 
does not flow over. When the mixture reacts but moderately acid, the adding of chalk is inter- 
rupted, and the balance of 44 lb. of bone-black is added. It is a rule that of the bone-black 
should be added before the chalk, and | afterwards. The finished mixture is boiled gently for 
about 10 minutes, and passed through a Taylor-filter. 

For common coagulated sugar, the syrup is condensed to 33°-36° B. (hot) ; for hard sugar, to 
about 33° B. (hot). The syrup is passed through a small Taylor-filter, cooled, and a few° lb. of 
half-congealed sugar of a former boiling are added and thoroughly stirred in. After 10-30 hours, 
the mass will become so stiff that for common sugar it can be put into barrels and left to harden. 
For hard sugar, the evaporation is stopped at 33° B., the stirring is not so strong, and is not so 
often repeated when the partly-coagulated sugar is being added. When the body of the sugar has 
attained a completely stiff cousistency, so that it can only be scooped out with difficulty, it is 
subjected to pressure in a filter-press or centrifugal machine (see p. 1900). 

To make “ loaves,” the press-cakes or sugar taken from the centrifugal are broken up into 
small pieces and melted, without adding water. This is done in a kettle over a steam-bath, aided 
by occasional gentle stirring, in a temperature as low as possible, continued until all lumps have 
crumbled, but not until the fine parts are dissolved. For 880 lb. of sugar, the operation occupies 
3-4 hours. Complete solution of the sugar must be avoided, since those particles which float in 
the solution favour crystallization. When the mass has attained the proper consistency, it is cast 
into the moulds ; in 2 days, it is entirely solid. 

The press-syrup can either be mixed with such symp as contains a large amount of dextrine, 
and sold as such, or boiled and worked over again so as to make a second product of press-cakes! 
To this end, it is evaporated to 36°-37° B. (hot), cooled off and coagulated as usual, and pressed 
out. The press-cakes thus obtained are inferior, and it is best to dispose of the press-syrups as 
such. 

To obtain a product of the whitest possible colour, the application of sulphurous acid is resorted 
to. After half the chalk has been applied in the neutralization, 3-4 lb. of dry or 11 lb. of liquid 
sulphite of lime are added, continuing the boiling for 10 minutes, and then adding the rest of the 
chalk. It is imperative to carry out the process with great cleanliness, and to use no water which 
contains hygroscopic ingredients. 

In Anthon’s method for producing 3-4 cwt. of starch-sugar per 24 hours, the ingredients for a 
boiling are : — 

370 lb. of air-dry starch. 

11 „ of sulphuric acid of 66° B. 

3 '70 „ of bone-black. 
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2 46-3 '70 lb. of pure lime. 
4 -95 lb. of prepared chalk. 
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The apparatns is very simple, and is represented in Fig. 1400 : a is the pan ; 6, a vat of about 
8J bush, capacity, with a wooden spigot g at the bottom ; c, a Taylor-fllter in a case 4 ft. high and 
2 ft. wide and deep, arranged for the reception of 9 bags, each about 2J ft. in length, and 6-7 in. 
diam. when filled, and set up so that the thin liquor can be drawn off by a small gutter into e. 
The bags are made of grey linen of prime 
quality and uniform weft, and are fastened 
over the funnels / with strong cord. 

Capillair-syrap and sugar , — Some few 
establishments have furnished quite re- 
cently a water-clear syrup, which, in a 
very condensed state, is known in the 
market as “ eapillair-syrup,” and is ex- 
tensively used by confectioners and others 
in the United States. The mode of pro- 
ducing it is as follows : — After the usual 
boiling and neutralization, the clear, thin 
liquor of 16°-20’ B. is concentrated in a 
vacuum-pan to 30° B. (boiling hot). The 
vacuum-pan is of copper, because by this 
process the gypsum deposits itself on the copper pipes as firmly as stone, and the pipes have to 
be frequently cleaned by the aid of hydrochloric acid. 

If the temperature can be maintained at 57i°-63i° (145J°-146|° F.), the syrup will remain of 
a lighter colour, as also with rapid evaporation. Since the gypsum never completely separates 
from this heavy syrup, filter-presses are used. Thus the clarifying is much accelerated, and the 
thin syrup issues from the filter-presses free from gypsum, and entirely clear. It is directly pumped 
into the reservoir, thence to the bone-black filter, and is then drawn into the vacuum-pan, and 
evaporated at 56)°-62J° (133|°-141J° F.). If the syrup is for exportation, the concentration is 
carried to 44° B. at 61° (142° F.). The evaporation goes on very quickly, since the syrup already 
possesses a consistency of 28°-30° B. It has to be filled into the casks while yet lukewarm. If it 
cools off entirely, it will not run out of the vats at all. 

The perfectly white and finest quality of starch-sugar, which also passes through the bone-black 
filters, is known as “ capillair grape-sugar,” and is manipulated in a similar way, with this difference, 
that the syrup at the last stage is condensed to 44°-45° B., while for the production of sugar, the 
process of evaporating must be stopped as soon as the syrup has reached the consistency of 40°-41° B. 
This sugar has been mostly packed in cases of 1 cwt. ; but more recently it is cast into blocks and 
loaves, which are afterwards grated, and the sugar packed in bags. This method of packing in 
bags is more practical and advantageous than in boxes, since the sugar adheres to the wood of the 
boxes, and much of it is lost. 

Granulated St irchs'igar. — The manufacture of granulated starch-sugar was introduced by 
Fouohard, at Keuilly, France. The transformation of the starch into sugar is accomplished in the 
ordinary manner, but at an increased temperature and pressure, as a great amount of dextrine would 
hinder the granulation of the sugar. 

The liquor, saturated with lime, is run through a bone-black filter, to impart to it the colour of 
a nice clear “ covering ” sugar. The filtered liquor is evaporated in summer to 30° B., in winter 
to 28° B. (boiling), and run into capacious clearing-tanks, where the greater part of the gypsum 
settles ; the tanks are in a cool place, or the cooling is accelerated by the use of worms in which 
cold water circulates, so as to avoid fermentation. After the lapse of 24-30 hours, the syrup is cool 
and clear, and is then placed in vertical barrels, left open above, and whose bottoms are perforated 
with small holes, thus forming a sieve-bottom. During the process of crystallization, these openings 
are kept closed with small wooden pegs or tai)s. The barrels stand on a framework over a lead- 
lined gutter. In 10—12 days, crystallization begins by the formation of small accumulations in the 
syrup, which gradually increase. As soon as the syrup is about | filled with crystals, the holes in 
the bottom of the barrels are opened, draining off the molasses, while the soft crystalline accumula- 
tions remain in the barrels. 

As soon as the draining appears to be finished, this is perfected by placing the barrels in an 
inclined position. The molasses thus obtained is again boiled in sulphuric-acid water, to transform 
the dextrine present into sugar. The granulated sugar is then placed on gypsum slabs to the 
thickness of 4 in., and dried at 22°-25° (71i°-77° F.). By increasing the temperature, the crystals 
would melt and stick together. This lump formation cannot be entirely avoided. If the lower part 
of the layer begins to get dry and white, it is turned. In 3-4 days, the sugar becomes perfectly 
dry, and is then, for the purpose of an even separation, rubbed through a sieve, and the lumps 
which do not pass are ground between a pair of porcupine-rollers. Usually the sugar is again 
spread on gypsum slabs. 






SUGAE-EEFINING. 


1921 


Uses of Star^-sugar and Glucoses . — These products are used chiefly for brewing, for the manufac- 
ture of table-syrups and candies, as food for bees, and for making artificial honey. All soft candies 
and taflSes, and a large proportion of stick candies and caramels, are made of glucose-sjmp. Very 
often a little cane-sugar is mixed, in order to give a sweeter taste to the candies, but the amount of 
this is made as small as possible. A very large percentage of all the starch-sugar made is used for 
the manufacture of table-syrups. Some kind of cane-sugar syrup is added until the tint reaches a 
certain standard. The amount of cane-sugar syrup required varies from 3 to 1 0 per cent., according 
to circumstances. These syrups are graded A, B, C, &c., the tint growing deeper with each 
succeeding letter. Small quantities of glucose-syrup are used by vinegar-makers, tobacconists, 
wine-makers, distillers, mucilage-makers, and perhaps for some other purposes. 

The solid sugar is also used for many of the purposes enumerated, but chiefly for the adultera- 
tion of other sugars. When it is reduced to fine powder, it can be mixed with cane-sugar in any 
proportions, without altering its appearance. Since starch-sugar costs less than half the price of 
cane-sugar, this adulteration proves immensely profitable. 

The cost of manufacture is about Jd. a lb. Some 26-32 lb. are made from a bushel of com. It 
is sold by manufacturers at ljd.-2d. a lb. 

Sugar-refining’ (Jioffinage du Sucre ; Gfr., Zuchersiederei). — Very large quantities of sugar are 
consumed in their “ raw ” state, just as they reach the home markets from the plantations ; but 
others are so impure as to be unfit for immediate use. The purification of these latter, and the 
preparation of fine sugars from the low grades, is the work of the refiner. The estimation of the 
impurities, and the qualities of the various kinds of sugar, will be found detailed under the section 
on Analysis. The appended analyses, however, present a comparison of the relative mineral im- 
purities in cane- and beet-sugars as regards bases, the phosphoric and carbonic anhydrides and the 
chlorine having been displaced by the sulphuric acid employed in the analysis, and the results 
being calculated on the ash. It will he noticed that cane-sugar ash contains larger proportions of 
lime, magnesia, ferric oxide, and sand, than beet-sugar ; while potash and soda largely pre- 
dominate in the latter : — 



1 

1 

Case>8Dgar Asb. 

Beet'Sugar Ash. 



Potash 

28-79 

34-19 



Soda 

0-87 

ni2 



Lime 

8-83 

3-60 



Magnesia 

2-73 

0-16 



Ferric oxide and alumina .. 

6-90 

0-28 



Sulphuric anhydride 

43-65 

48-85 



Sand and silica 

8-29 

1-78 




100-06 

1 

99-98 



In addition to these, there are glucose, low sugars, and organic matters of other kinds, which it 
is desirable to remove. 

Synopsis of Operations. — No two refiners follow precisely the same process in all details ; and as 
it would cause much confusion to introduce the deviations as they occur, the preferable plan 
will be to commence with a general account, and to supplement this with particulars of special 
methods. 

In planning a refinery, it is very desirable, in fact almost absolutely necessary, to arrange the 
various plant and machinery so as to allow the liquor so far as possible to descend by gravitation 
during the difterent processes, and so avoid pumping. For this reason, refineries are built in blocks 
seven or eight stories high, and all the raw sugars to be refined are hoisted by crane to the top of 
the house, the refined article being discharged at the bottom. 

The refinery must have an ample supply of good water, for melting the sugar, washing bags, 
working vacuum-pans, washing char, &c. ; cleanliness in a refinery is a matter of first importance, 
and a limited supply of water is one of the greatest drawbacks which a refiner can be subjected to, 
as it not only prevents him from recovering the whole of his sugar, but, if the water is bad, renders 
him liable to a multitude of complications, the causes of which he is at a loss to account for. 

The first operation after the raw sugar has been hoisted to the top story of the house, is to break 
open the bags or hhds. In the case of hhds., the sugar is tipped directly on to the floor, the hhds. 
are scraped, passed into a steam chamber, steimed, and washed with hot water, so as to remove the 
whole of the sugar. The contents of the bags are tipped directly on to the mixing-floor, or into 
the dissolving-pans, add the bags are steamed and washed. The steaming and washing of bags is 
of some importance, as bags containing 80-100 lb. of sugar will ireqnently retain 1-2 lb. of raw 
sugar, which is only recovered by steaming and washing ; the water used in washing should not 
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be too hot, neither should the bags be steeped for too long a time, more especiallj in the case of 
mat or grass bags from China and the East, as they frequently contain notable quantities of 
alkaline salts and colouring matters, which are readily dissolved by treatment with boiling water, 
rendering the refiner’s work more difficult, and lessening the quantity of refined sugar produced. 
The sweet waters from bag- and cask-washing are run into the blow-up pan before they have 
time to ferment. 

The blow-up is set immediately below the mixing-floor, and is a cast- or wrought-iron tank, 
provided with a vertical shaft and mixer, as well as one or two copper coils through which live 
steam can be introduced. It is capable of holding 7-10 tons of sugar, which when melted to 
28°-30° B. will measure 3000-4500 gal. ; the steam coils are covered either with sweet water from 
bag-washing, or fresh water. Steam is turned on, and the raw sugar is either shovelled in from the 
mixing-floor above, or delivered direct from the bags. In working, it is customary to ruu in water 
up to a certain mark on the blow-up ; the water of condensation produced by the live steam adds 
further to this quantity, and probably fills the blow-up something less than half full. Mixed or 
analyzed sugar is then filled in gradually until the blow-up is fuU to within 4-6 in. of the top, 
steam blowing in during the whole time. When the sugar is thoroughly melted, the sp. gr. is 
taken with a Baume hydrometer, and should be 25°— 27° B., which will equal 27°-30° when cold. 
The quantity of sugar melted at one time varies fi»m 5 to 8 tons ; it of course greatly depends upon 
the quality of the raw sugar used ; a much larger quantity of low-class sugar is required to fill the 
blow-up than is necessary when good crystallized sugars are used. The time occupied in melting 
this quantity of sugar is about J hour, and it is necessary in the case of very low sugars to partially 
neutralize the acidity with a few buckets of lime-water thrown into the blow-up during the operation 
of melting. This causes a precipitation of some of the soluble organic impurities, which are thrown 
down in brown flocks, and removed in the subsequent stages of the process. It is also necessary 
during this operation to remove by skimming the pieces of wood, cane, grass bags, and other 
miscellaneous articles which are present in low sugar, and which rise to the surface along with a 
dirty scum. The liquor thus prepared is run first through a wire strainer which removes 
hairs, sacking, and fibres, and any pieces of matting which may have escaped the operation of 
skimming. 

The liquor runs from this strainer (or in some cases the valve at the bottom of the blow-up 
delivers the liquor directly into the bag-filters, without passing through the wire strainer) into the 
bag-filter box. 

Bag-filters.— Those generally in use are Taylor’s, and have already been described on p. 1889. 
Eeflneries are always provided with a large number of boxes, each box holding 400-500 bags, and 
placed immediately below the blow-up pans. The filtration through these is a tedious operation, 
on account of the exceedingly slimy nature of the insoluble organic matter, which though small in 
amount, is of such an objectionable character as to coat the inside of the bags with a tenacious 
deposit not more than in. thick, which prevents the liquor finding its way through ; for this 
reason, the quantity of liquor filtered through a box of 400 bags is not much more than 2000- 
3000 gal., or say about 5 tons of sugar per day. Of course this amount depends greatly upon the 
quality of the raw sugar, and the amount and nature of the insoluble organic matter which it 
contains. Previous to starting the filter, it is necessary to steam out the box containing the bags, 
so as not to cool the first portion of the liquor running through. After the filter has finished 
working, the upper part is filled up with boiling water, and allowed to stand some hours, until the 
whole of the water has filtered through the bags, removing with it the greater part of the sugar : 
the bags are then steamed, rewashed if necessary, taken from the box, and dried ready for 
further operations. 

The liquor as it runs from the bag-filters is dark in colour, but clear and bright, and it now 
remains to remove from it the whole of the colouring matter and soluble organic impurities, which 
is done by means of filtration through animal charcoal. The action of the charcoal in removing 
the colouring matter is not clearly understood. It is sufficient to say that almost any sugar, no 
matter how dark in colour, can be rendered as clear as water by using sufficient bone-black in a 
finely divided condition, taking care that the liquor when filtered is as nearly boiling as possible. 
The Uquor from the Taylor’s filter is received or pumped into tanks placed above the charcoal 
cisterns, provided with steam-coils in order to heat up the liquor previous to passing into the char. 

Charcoal cisterns. — These are now made of cast-iron, and in large refineries are capable of 
holding 30-40 tons of char ; they are enclosed at the top, the charcoal being packed tightly, and 
the liquor being forced through under 3-7 lb. pressure (see pp. 1851-3). The cisterns are packed 
tightly with well-burnt dry char, and the hot liquor is run in at the top, the cock at the bottom of 
the cistern being open so as to allow the confined air to escape. When the cistern is full of liquor, 
it is allowed to stand for 3-4 hours “ to settle.” At the expiration of this time, the cock drawin<» 
from the bottom, on the upright pipe which leads the fine liquor above the surface of the chw 
on the outside of the cistern, is opened, and the stream of liquor, which is perfectly clear, is 
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adjasted so that the decolorizing power of the char is not too r.ipidly spent ; or in other words, the 
liqnor must be left a sufiScient time in contact with the char to allow the latter to act npon the 
organic impurities. As a rule, all tlie discharge-pipes from the cisterns are brought into one room, 
and arranged over a number of gutters communicating with an equal number of tanks to receive 
the fine liquor. At first, no colour can be detected in tlie liquor, but after a while, the time 
depending upon the purity of the sugar operated upon, and the quality of the char, the liquor 
begins to assume a yellowish tinge. Previous to this, however, the attendant has altered the course 
of. the liquor, and it is now flowing into another tank, the first portion being used for making the 
finest refined article, either loaves or crystals ; the second portion, received in a separate tank, is 
used for making crystal-sugars, which have not a similar degree of whiteness and brUIiancy. The 
cistern is worked until the decolorizing power of the char is exhausted, or until the liquor 
running away is only slightly superior in colour to the liquor as delivered into tlie cistern. 
Occasio'nally the liquors having a slight tinge of colour are reheated and used to “ settle” a fresh 
cistern of revivified char, following with the liqnor from the bag-filters ; by this means, a 
larger quantity of liquor of 1st quality is obtained at a comparatively small cost, as the amount of 
colouring matter which these liquors possess is not sufficient to materially reduce the decolorizing 
power of the animal charcoal. 

As a rule, charcoal cisterns are always “settled” or started with fairly good liqnor, which is 
followed by raw sugar liquors, or syrups. If the charcoal is not thoroughly exhausted after the 
syrup, molasses (or more correctly syrup from last boiling) is run through the cistern. 

It is necessary so soon as the charcoal is exhausted to wash it free from sugar. Boiling water 
is run on to the char, which carries before it in its downward passage the sugar liqnor. The 
washings of the char are run into the syrup-tanks so long as they stand at or above 18° B. ; 
below this the liquid gradually getting weaker and weaker is run into a separate tank, the washing 
being continued until the liquor marks l°-2° B. At this stage, the bottom cock on the cistern 
is opened, and sufficient boding water is run through the char to thoroughly wash it free from 
traces of sugar and organic impurities ; the cistern is then emptied, and the char is dried and 
revivified. The weak waters used for washing, and marking 7°-15° B., can he used for washing 
off another cistern, or in the hlow-up for melting a fresh quantity of raw sugar. It is important 
that they should be used quickly, as otherwise they are very liable to undergo fermentation. 
The quantity of charcoal used depends entirely npon the quality of the raw sugar passing through ; 
in general, f-1} tons are required per ton of sugar, and, with low Mauilas, even more than this. 
Charcoal attains its greatest power of decolorizing syrups after being 4-6 months in use; each 
revivification seems to greatly increase its absorptive powers, untd a certain point is reached, after 
which it gradually deteriorates, and requires mixing with a proportion of new charcoal in order to 
keep up its action. 

Eevioification of the CAarcoah— (Several forms of revivifying-kiln have been described under Beet- 
sugar, pp. 1853-4.) 

The practice of washing the char, after its removal from the cylinders, with hydrochloric acid, 
with the object of taking out salts of lime absorbed from low sugars, appears to be rarely adopted 
in this country. But when the washing with hot water is performed too slowly, the weak saccha- 
rine solution which results is apt to acetify, and this produces a similar result, which is recog- 
nized hy the solution being opaque and milky when it is run off. This acetification is more likely 
to occur when the char has been in use for too long a time, and more readily in old than in new 
char. New char will often give off liquors smelling of sulphuretted hydrogen when the sugar 
refined is acid. Acetification will also occur under conditions which are little understood, hut 
over which refiners have no power of control. Also when imperfectly washed char, which after 
drainin<r may still retain sweet water, is allowed to stand for some indefinite time before being 
rebiuned, it is apt to ferment and acetify. This fermentation is sometimes regarded as a benefit to the 
char serving to open it hy removing matters within its pores which mere washing will not get rid of. 

The principal forms of kiln used in this country are as follows : — 

The pipe or tubular kiln, made by McLean and Angus, Greenock, is illustrated in Figs. 1401-3. 
Each rebumer consists of a series of 64 iron pipes c, arranged in two banka or groups of 32 
each on either side of a central fire, the whole being raised upon iron columns d, which, being 
hollow, are made to serve as flues. The flame from the fire plays among these pipes, and is 
regulated by appropriate dampers. In the brickwork enclosing the pipes, opposite each group, 
is an iron plate a, with an arrangement for viewing the several rows of pipes. Beneath each 
of the six rows into which the pipes are distributed, is a narrow iron box e, freely exposed to 
the air, and serving as a cooler for the rebumed char. A slide-valve at b permits the discharge 
into the cooler of the lower portion of the contents of the pipes from time to time, the coolers 
being emptied below upon the floor, or into vessels run in under them. The top of the kiln 
where the open ends of the pipes appear forms a platform near the roof of the ])uilding 
where the apparatus stands. Upon this platform, the damp char is heaped up, and there 
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undergoes some preliminary drying by evaporation. Whenever a cooler is refilled, the char 
sinks commensurately in the pipes corresponding to it, and a workman npon the platform at 
once with the shovel refills the pipes to the top. Whatever vaponrs are evolved by the 
rebnming escape from the top of the char-pipes, and pass out of the building through openings 
in the roof. 

The Buchanan & Vickess rebumer is a modification of the preceding, which, while it is said to 
bum the char more equably, provides for the collection of the vapours that are given off. Fig. 1404 

1401. j4(,2. 


shows those p-irts of the apparatus which 
it is necessary to describe. The tubes a 
are arranged much in the same way as in 
tlie ordinary reburner. Each pipe, how- 
ever, is double, consisting of a wide external 
tube b, and a narrower internal tube c, and 
tlie char, falling from a platform above, 
occupies the space d between the two tubes. 
The internal tube is provided with open- 
ings / in its circumference at definite inter- 
vals, and these openings are protected from 
the ingress of char by a louvre-like project- 
ing plate, inclined downwards at an angle, 
from the part of the tube immediately above 
them. The vapours given off dming the 
rebnming pass through these openings into the interior of the tube c, which opens above, together 
with other tubes in the same row, into a horizontal channel or flue g, which conducts the vapours 
away. The outer tube is made to revolve in its longitudinal axis around the inner one. There are 
also revolving coolers A below. 

Of revolving cylinders, perhaps the best is Brinjes’, shown in Figs. 1405-8. Fig. 1405 represents 
a front elevation of the apparatus complete; Fig. 1406, a sectional elevation ; Fig. 1407, a back 
elevation ; and Fig. 1408, a sectional plan. In a brick setting, are two horizontal retorts, each 
of which receives a circular reciprocating or alternating motion of nearly one entire revolution 
on its longitudinal axis. The upper retort acts as a drying-chamber for preparing the charcoal for 
the revivification which takes place in the lower retort; and it is contained in a separate brick 
chamber of its own, which is situated immediately above the roof of the furnace, the heat from 
which, a/ter circulating round the lower retort, enters the upper chamber throu-'h ownings left for 
that purpose in the roof of the furnace, and then acts upon the upper retort tofore passing off to 
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the chimney. Tftie two relorts 
are provided with a series of 
internal flanges at intervals 
of about 6-8 in., and ledges 
are formed between the 
flanges for carrying up the 
charcoal as the retorts reci- 
procate. An opening is made 
through each flange, and all 
these openings are disposed 
in a line with each other. 
To cause the charcoal to 
travel continuously along the 
retorts during the process of 
revivifying, an angled pro- 
jection, somewhat after the 
form of a 3-sided pyramid, 
is cast inside the cylinder in 
each of the intervals or spaces 
between the several internal 
rings or flanges, and exactly 
in the centre line of the 
openings in these flanges. 
The two opposite sides of 
these projections present re- 
verse angles, both of which 
direct the charcoal into the 
next space on the partial 
rotation of the retort. Tlie 
upper retort is driven direct 
by a mangle-wheel and pinion 
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arrangement ; and this motion is transmitted to the lower retort by means of an endless chain, sus- 
pended from the rear cud of the upper retort, and passing um ler the corresponding eml of the lower 
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retort. Both ends of the retorts are snpported upon anti-friction pulleys, carried iif the transverse 
framing, bolted to the main supporting column. The feeding hopper opens to a flue, from which the 
charcoal is shovelled when being supplied to the retorts, the feed being nicely adjusted by means of 
the sliding-door, worked by a winch-handle and screw-spindle. A sliding door, covering an opening 
in the inclined side of the hopper, is for the purpose of inspecting the interior of the retort ; a spy- 
hole is also provided in the stationary front cover of the lower retort. The upper retort discharges 
its contents into a conduit, which conducts it to the lower retort, after traversing which, it is 
discharged down a pipe into an enclosed receiver. From this receiver, it passes through the cooler, 
which consists of a number of long narrow passages, placed side by side, and having intervening 
air-spaces between them for the more effectual cooling. By the time the charcoal has traversed 
these coolers, it is snfSciently cool to be exposed to the action of the atmosphere, and is discharged 
into a small truck. The vapours which are evolved during the rebuming are carried off by a 
pipe, provided with a throttle- valve, communicating with the chimney. The entire arrangement 
is supported upon strong iron girders, resting upon columns in the basement. 

When the revivified char is cold, it is sifted, and the dust is sent away to the manure-makers, 
as is also the finally spent char from the filters (see p. 1266). 

Under the most favourable circumstances, the vapour that issues from char in process of 
revivifying has usually a sweetish and slightly empyreumatic odour, but is never overpowering, 
though sometimes sufllciently pronounced to be very disagreeable. Whatever ill odours may attach 
to the vapours must depend upon the evolution of sulphuretted hydrogen, and the proilucts of 
decomposition of the organic matters taken out of the raw sugar in its passage through the 
charcoaL The remedies obviously consist : — 

1. In the thorough washing of the char before reburning, so as to remove from it as much as 
possible those matters which by their burning give rise to offensive effluvia. At James Duncan’s 
refinery, pressure-cisterns are in use to hasten the passage of the syrup through the char, and the 
washings, similarly hastened, are continued for 6-7 hours after the last of the sweet water has been 
removed. The time that elapses from charging a charcoal cistern to the char again going to the 
reburner is not more than 35 hours. Fermentation is thus altogether prevented. 

2. Means should be adopted for collecting and disposing inoffensively of the vapours proceeding 
from the reburning. When Brinjes’ reburner is in use, the vapours are collected as a matter of 
course, being conducted first into a 
long brick chamber or fine 3 ft. sq. 
internally, and thence into a chimney- 
shaft at a point below that at which 
the furnace-flue enters; this shaft dis- 
charges them at a sufficient elevation 
to prevent any nuisance. At other 
works, the vapours are discharged at 
once into a tall chimney-shaft, without 
occasioning nuisance. Should it be 
thought necessary, means of condensa- 
tion might readily be added to this 
apparatus. There may be some diffi- 
culty in collecting the vapours pro- 
ceeding from pipe-kilns, but it is 
nevertheless practicable. At Duncan’s 
works, a space b above each stack of 
pipe-kilns a is boxed with a wooden 
cover c d ; hot air is conducted into 
this space from the fire by means of an 
appropriate flue e/at one end, and passes 
out at the other end, carrying the 
vapours with it into a chimney. This 
arrangement is shown in Fig. 1409. 

At one part of these works is a common 
horizontal flue to receive all the vapours 
from a row of rebumers ; and, should 
it be requisite, the vapours might very 
readily be condensed. After condensation of all that is condensable, the remainder might be passed 
through a fire. One of the advantages of Buchanan’s reburner is that provision is made for the 
collection of the vapours. 

Boiling. — The next operation is the boiling of the decolorized liquor ; this is performed in 
vaounm-paus already described (pp. 1854-7), the method of boiling not essentially differing from that 
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detailed on pp. 1893-5. In the case of crystal sugar, the grain is obtained low down in the pan, the 
crystals being fed by the admission of fresh liquor ; care is taken not to drown the small crystals of 
sugar already formed, and not to boil so low as to cause fresh crystallization. 

Several methods are employed in order to obtain a large grain, such as cutting the charge, i. e. 
when the pan is quite full, half the sugar is run out, and fresh liquor let in upon the remaining 
half in the pan, and the pan is boiled full ; the crystals in this case are considerably increased in 
size, as the fresh liquor deposits its sugar on the surface of the crystals remaining in the pan. It 
is important in boiling for grain to feed the grain often, and with a comparatively small amount of 
liquor each time ; to boil at as low a temperature as possible, with a good vacuum of 26-27J in. ; 
and to take a proof at least every few minutes, especially when grain is expected and wlien the 
crystals are “ growing.” The proof is carefully examined on a sheet of glass ; when the boiling is 
nearly finished, the “ proofs ” are almost solid, and the liquid in which the crystals are suspended 
sets almost immediately on being spread about on the plate of glass. At this stage, it is sometimes 
customary to increase the temperature some 10°-15°, in order to harden the grain. The masse-cuite 
is quickly let out of the pan into a tank, which is sometimea circular and provided with a mixer 
and steam-jacket ; this arrangement is called a “ heater ” ; from the heater or tank, it is delivered 
by suitable mechanical appliances to the centrifugals. Numerous mechanical contrivances are in 
use for delivering the masse-cuite from the heater or tank to the centrifugals. Small iron trucks 
suspended or running on rails, passing under the heater and over the centrifugals, and making a 
complete circle, are frequently employed ; the truck, which is of a convenient size to supply one or 
two centrifugals, is passed under the heater, the slide-valve is opened, and the truck is filled with 
masse-cuite ; this is run over the first centrifugal, a slide-valve is opened at the bottom of the 
truck, and its contents are delivered into the centrifugal, which has previously been started and is 
running at a slow speed. 

The “ heater” is now dispensed with in most refineries, and its place is taken by some less com- 
plicated form of apparatus ; it is certainly not necessary to provide it with a steam-jacket ; the 
stirrers require powerful machinery to drive them, and it is questionable whether they really fulfil 
any useful purpose, provided the masse-cuite is centrifugalled within a few hours after its leaving 
the pan. First masse-cuites from fine liquor ate generally boiled to a high degree of consistency ; 
the amount of water which they contain varies within slight limits, but is generally between 7 and 
10 per cent. The colour should be only very slightly yellowish. The yield of crystal sugar from 
highly-refined masse-cuites is from slightly imder 50 to perhaps 55 per cent, of the weight of the 
masse-cuite ; it rarely runs above the latter figure. 

In the case of loaf or cube sugar, the liquor is boiled for small grain, and the masse-cuite is run 
out very stiff, containing not more than 7 per cent, of water. The masse-cuite is filled into moulds. 
In the case of loaf, the loaves are kept in a warm room for some hours, until the sugar is nearly 
set ; the moulds containing the sugar are then elevated to the upper portion of the house, and the 
sugar is allowed to solidify and liquored with fine liquor at 25°-30° B. ; when the requisite degree 
of whiteness is obtained, as much of the liquor as possible is drawn away by means of suction, and 
the sugar is dried in ovens, and turned out of the moulds, when it is ready for sale. "With cubes, 
the masse-cuite is filled into peculiarly-shaped moulds which fit into a large centrifugal machine ; 
after the sugar has set, the moulds are transferred to the centrifugal machine, washed or liquored 
in the machine, dried, and packed. The yield of refined sugar by this means is 70-80 per cent, of 
the weight of the masse-cuite ; but the extra time and labour required in handling the loaf-sugar 
does not more than pay for the increased yield by this method, over the 50 per cent, obtained in the 
mode of making crystal sugar already described. 

The Alum Process. — The “ alum process ” for removing potash, ammonia, and other impurities 
from saccharine solutions (see also pp. 330-2), is due to James Duncan, and John A. E. and Benja- 
min E. B. Newlands. Beet-syrups contain a notably large proportion of potash salts, which much 
retard crystallization. The salts in beet-molasses, according to Dr. Wallace, are : — Chloride of 
potassium, 18-70 per cent. : sulphate of potash, 4-18; carbonate of potash, 53-80; carbonate of 
soda, 20-81 ; carbonate of Erne, 0-35; magnesia. O' 27; moisture and loss, 1-99. A sample of 
French beet-molasses gave 10-86 per cent, of ash, 4-88 being potash. Out of 3-40 per cent, of ash 
from English beet-syrup, 1-36 is represented by potash. Low-class cane-sugars also contain 
notable proportions of potash: — Dutch Bastards, 0-33; Guatemala, 0-40; Penang, 0-71; Low 
Penang, 0*57; Medium Penang, 0-23; Egyptian, 0-63, 0*53, 0-80; Jaggery, 0-49; Clayed 
Manilla, 0-23 ; Eoilo Manilla, 0*58 per cent. 

The alum process consists of two parts : 1st, precipitation of the potash in the form of alum ; 
2nd, neutralization of the residual acid liquor by means of lime. 

1. Precipitation. — This is accomplished by adding to the cold syrup a solution of sulphate of 
alumina, suflicient to form an alum with the whole of the potash present. It is convenient to work 
with syrup at about 38° B., and solution at 27° B. ; if the syrup be much over 38° B., the alum 
cannot easily settle out. The mixture is well stirred for J-1 hour, and the whole is^allowed to 
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lepoee for 4-5 hours, untU the deposit — ^which consists of small alum crystals, known as “ alnm 
meal” — has completely subsided. The “alum-tank” in which this operation is performed is 
provided with mechanical stirring-gear. The three principal requisites in order to obtain the best 
results, and to prevent the formation of nncrystaUizable sugar, are : — (1) To work at the lowest 
temperature ; (2) to employ solutions as dense as possible ; (3) to perform the whole operation as 
quickly as is consistent with separation of the alnm. 

The amount of potash present in syrnps is generally equal to | of the ash, determined in the 
usual way (see p. 1946). Every 1 part of potash requires for conversion into alum about 9| parts of 
sulphate of alumina, of which, 2J parts are required to convert the potash into sulphate, and the 
remaining 7 to combine with the sulphate of potash, so as to form alum. If the liquor contains free 
or combined sulphuric acid, or if the solution of sulphate of alumina contains any free sulphuric 
acid, the 2J parts of sulphate of alumina required to convert the potash into sulphate may be partly 
or entirely dispensed with. For practical purposes, it suffices to determine the percentage of ash, 
to assume -f of this to be potash, then to multiply the percentage of potash by 9-5, which gives 
the dry sulphate of alumina, and, lastly, to ascertain the amount of solution corrresponding 
to this. 

2. Neutralization. — The alum-tauk is provided with several taps, at different heights ; when the 
alum has well settled down, the clear acid liquor is run off, by means of these taps, into a “ liming- 
tauk ” placed on a lower level, and also provided with mechanical stirring-gear. As soon as the 
acid liquor has been thus decanted into the liming-tank, a little finely-divided chaik, previously 
made into a paste with water, is added, so as to produce a slight effervescence. Milk of lime is then 
added at frequent intervals, until the froth has nearly, but not entirely, disappeared : the gradual 
abatement of the froth indicates wheu the neutralization is nearly complete. This operation takes 
1-2 hours. The point at which the neutralization is practically complete may be known by : — 
(1) The absence of any large amount of froth ; (2) the absence of any taste of aluminous compounds ; 
(3) the liquor should give only a dull-ied tinge to blue litmus-paper. When the neutralization is 
thus practically complete, the treated liquor is subjected to the same routine as ordinary sugar- 
solutions in a refinery: it is heated in the blow-ups to 65® (150® F.), but not higher, then passed 
through filter-presses, and through char, and boiled down in the vacuum-pan. 

To wash and dry the precipitated alum, it is convenient to employ a small centrifugal machine. 
After once “machining” for a few minutes, a little water being added as usual during the 
operation, the alum appears white and dry, but still retains a small amount of syrup. It is then 
mixed with some cold water, and machined a second time, after which it is free from sugar, and 
fit for sale. 

The following analyses show the effect of the process on beet-syrup treated on a large 
scale ; — 


Beet-Syrup, 

After Treat- 
meut, and 
before Char. 

After Treat- 
ment, 

and lifter Char. 

Sugar 60-18 

Ash ! 3-01 

Water, &c , 36-21 

40-54 

1 33 
58-13 

41-60 

0-47 

57-93 

100-00 

100-00 

100-00 


The advantages of the process are: — (1) The removal of potash and ammonia from syrups 
without much dilution ; (2) the removal of much colouring and albuminous matters ; (3) ouii- 
siderable improvement in flavour and odour ; (4) the alum produced is nearly equal in value to 
the sulphate of alumina used, so that the expense of the process is not great ; (5) the plant 
required is of the simplest description, the cost of labour is small, and the operations are con- 
tinuous and rapid. 

The process has been in constant operation during several years at the sugar-refinery of James 
Duncan, Clyde Wharf, Victoria Dock, London, where the syrup from many thousands of tons of 
sugar have been treated with excellent results, several hundred tons of potash-alum of good quality 
being during the same time produced, and sold at a fair market-price. Licenses to work the 
process have been taken by nine of the principal refiners of the United Kingdom, and others 
have been granted to several refiners in Holland, Belgium, and the United States. 

The foregoing description applies to the process as actually conducted at the Clyde Wharf 
Refinery ; various alterations are advantageous under particular circumstances. 

Stronbum.— Strontium is a powerful base for extracting sugar in the refinery, as it combines 
with 3 equivalents of sugar. Native strontianite, containing 90-95 per cent, of pure carbonate 
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of sboctinm, U*said to be now largely employed in Continental sngar-refineries. This has hitherto 
been obtainable only with difficulty, but recently in Westphalia it has been worked to a great 
depth in mines, and a supply of many thousand tons per annum is said to have been secured. 

Oxalic Acid. — C. H. Gill has proposed to effect the removal of potash from saccharine solutions 
by the addition of oxalic acid, in the state of powder, or of hot or cold solution, in quantity suffi- 
cient to form oxalate, binoxalate, or quadroxalate of potash, or a mixture of these, which, being 
comparatively little soluble, crystallize out more or less completely. To cool syrup at 26°-35° B., 
contained in a suitable vessel provided with means of stirring its contents, is added a quantity of 
oxalic acid equal to 63 (or even up to 252 lb.) of the crystallized acid for each 39 lb. of potassium 
present in tire syrup operated on. The mixture is stirred till the reaction is complete (say, 1 hour), 
and then either allowed to rest till the crystalline oxalates of potash have settled to the bottom of 
the liquid, or filtered. The clear syrup is drawn off into another vessel, also provided with stirring 
gear, and together with the syrup separated from the magma of crystalline oxalates, neutralized by 
addition of milk of lime, or whiting stirred up in water. The neutral or nearly neutral syrup is 
then boiled, bag-filtered, and treated in the usual way. 

The advantages of this process are : — That the removal of a portion of the potash allows the 
recovery of a quantity of crystallizable sugar, which would otherwise go to form molasses ; that on 
neutralization by lime or chalk, a very large proportion of the iron present is precipitated and 
removed ; that when soda salts are present in large quantities, a portion of the soda will be pre- 
cipitated as oxalate with the oxalates of potash, and will be removed from the solution with them ; 
that saccharine solutions containing a very large proportion of potash can be operated upon, since 
the precipitate formed on neutralizing the acid liquid separated from the oxalates of potash places 
no diflaculties in the way of filtration. 

The expense of carrying out the process is reduced to a comparatively small amount, either by 
selling the oxalate of potash obtained, as such, or by recovering the oxalic acid for re-employment, 
and selling the potash separated at the same time. For the latter purpose, the oxalate of potash 
may be dissolved in hot water and decomposed by a sufficiency of lime (caustic, carbonate, or 
chloride), and the insoluble oxalate of lime is separated from the solution of potash simultaneously 
produced. This oxalate of lime, together with that obtained on neutralizing the acid saccharine 
liquor separated from the original precipitate of oxalates of potash, can then be decomposed by 
sulphuric acid, and the oxalic acid thereby brought into solution. Afterwards, the oxalic acid is 
crystallized. The liquids containing the potash iu solution can likewise be evaporated and brought 
into marketable form. It must not be forgotten, however, that oxalic acid is a powerful poison ; 
and if a small quantity were from any cause allowed to remain in the refined sugar, the consequences 
would be most serious. 

Tannin . — Gill and Hartineau propose to use tannin for separating from sugar-solutions iron and 
other bodies, such as albumen, which are thus precipitated. For this purpose, an excess of tannin 
is added to the sugar-solutions, and subsequently removed by the addition of alumina. The 
alumina may either be precipitated in the solution, or may have been previously precipitated. The 
sugar-solution subjected to this process may be crude juice, or a solution of raw sugar, or drained 
syrups. By preference, the sugar-solution is boiled with the tannin, and then alumina which has 
been precipitated from a solution of alumina by means of whiting or carbonate of lime is added. 
After boiling, the solution is passed through bag-filters and animal charcoal, and evaporated and 
crystallized in the usual way. 

Chloride of Sulphur . — In Bastes’ process, the raw or low-quality sugar is dissolved, clarified, and 
tempered with 2-8 oz. of cliloride of sulphur to 100 gal. of liquor, or the same proportion of any 
compound of chlorine of sulphur, or sulphide of lime, or cliloralum, according to the quantity of 
albuminous matter contained in the liquor. After clarification, the liquor is allowed to subside, 
and passed through the vacuum-pan in the ordinary way. For extracting the crystallizable matter 
from molasses, the latter is heated and tempered as follows : — If recently-made molasses are 
treated, one of the agents simply is used ; in the case of molasses that has been made for a con- 
siderable time, and contains free acid, sufficient alkali is used in addition. 

Alcohol . — Duncan aud Newlands propose to treat raw or low-class sugar by alcohol (ethyl or 
methyl alcohol, or methylated spirit). The sugar, containing more or less uncrystallizable sugar, is 
agitated in a close vessel for about J hour, with a considerable quantity of alcohol, as near the boiling- 
point as possible. About 3 gal. of alcohol to 10 lb. of sugar is usually sufficient. The alcoholic 
solution is then separated by decantation, filtration, or a closed centrifugal machine, and allowed to 
cool, when the greater part of the uncrystallizable sugar and other matters are deposited. The 
alcoholic solution is next separated from this deposit, in a similar manner, and is then reheated and 
re-used for the purification. After the alcohol has thus been alternately heated, used for washing 
sugar, and cooled several times, it is distilled, to separate it from water aud other impurities. The 
sugar deprived of its impurities is heated with or without water in a still, so long as any adhering 
alcohol distils over. 
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The principal advantage of this mode of employing alcohol over those previoflsly piopnged, is 
that by alternately heating and cooling, the same lAoohol can be made to serve several times 
without distillation, instead of its having to be. distilled after every operation. 

Sucrate of Lime Process . — This process, which has been successfully worked both for refining 
raw cane- and beet-sugars and for defecating cane-juice, was invented about 1865 by Boivin et 
Loi^u, of Paris. Successive improvements have since been made by the original patentee and 
others. The process effects great purification of sugar-solutions by means of a compound of sugar 
and lime, denominated “ sucrate of hydrocarbonate of lime,” formed in syrups which have been 
treated with calcium hydrate and submitted to the action of carbonic acid gas ; but careful mani- 
pulation is necessary to ensure the desired result. When the compound is treated as will be after- 
wards described, it produces a very floccnlent precipitate, which, in subsiding, carries with it, 
mechanically or in chemical combination, most of the colouring matters and other impurities 
present in the juice or unrefined sugar. The process depends mainly upon this peculiar decom- 
position of the sucrate of hydrocarbonate of lime, and on the difference in solubility of the several 
Eucrates of lime in saccharine solutions. 

Chemists have long known that sugar is capable of acting the part of a weak acid and 
combining with bases. With calcium hydrate, it forms a series of compounds known as calcium 
sucrates, all of which when suspended in water are decomposed by carbonic acid gas into calcium 
carbonate and sugar. When a proportion of calcium sucrate (say 5-10 per cent.) is formed in a fairly 
concentrated solution of cane-sugar, and partly but not entirely decomposed by passing carbonic 
acid gas, a compound is formed containing calcium hydrate, sucric aoid, and carbonic acid 
chemically combined. This compound is the sucrate of hydrocarbonate of lime of Boivin et 
Loiseau ; but if the current of gas is continued too long, this compound is decomposed, and calcium 
carbonate and sugar result. 

The following table gives the density of lime sucrate solutions ; — 


Per cent, of 
Sugar. 

Density of Sugar 
Solutions. 

Density when 
Saturated with 
C»0. 

The Sucrate Solution contains 
in 100 p&rts: 

CaO. 1 Sugm. 

2-5 

1-018 

1-026 

15-3 

84-7 

5-0 

1-027 

1-040 

16-9 

83-1 

10-0 

1-036 

1-053 

18-1 

81-9 

12-5 

1-044 

1-067 

18-3 

81-7 

15'0 

1-052 

1-080 

18-5 

81-5 

17-5 

1-C60 

1-092 

18-7 

81-3 

20-0 

1-068 

1-104 

18-8 

81-2 

22-5 

1-075 

1-116 

19-3 

80-7 

25-0 

1-082 

1-128 

19-8 

80-2 

27-5 

1-089 

1-139 

19-9 

80-1 

300 

1-096 

1-148 

20-1 

79-9 

32-5 

1-103 

1-159 

20-3 

79-7 

35-0 

1-110 

1-166 

20-5 

79-5 

37-5 

1-116 

1-175 

20-8 

79-2 

400 

1-122 

1-179 

21-0 

79-0 


When concentrated, this sucrate of hydrocarbonate of lime is a thick gelatinous mass (semi- 
solid), which when cold is sufficiently firm to be cut with a knife like jelly, but not sufficiently 
solid to prevent its being conveyed through pipes. Its chemical characteristics are as follows : — 
Treated by excess of carbonic acid gas, it is readily decomposed into calcium carbonate and sugar ; 
heated above 100° (212° F.), it darkens in colour owing to the formation of caramel ; cautiously 
dried below 100° (212° F.), it forms a whitish friable powder ; boiled with impure saccharine 
liquors, it combines with a large proportion of the impurities present, and is partly decomposed. 
There are at least 3 chemical compounds closely resembling it, the main difference being in the 
proportion of sucric acid which has been replaced by carbonic acid. But the appearance of the 
3 compounds when moist is not materially different 

The process of refining by means of this compound has been carried on for some years in a 
refinery in Paris, and in one or two in England ; but its use is not very extended. It was adapted 
by Tooth to the purification of cane-juice at a central factory in Queensland, and is at present 
being successfully worked there in two instances. The mode in which it is carried out in the case 
of cane-juice is as follows : — 

1. Crushing and Liming. — The canes are crushed the same day as they are cut, and the juice flows 
from the mills into tanks containing well-burnt caustic lime previously slaked with water to the 
consistent of a paste, and is constantly agitated to ensure thorough admixture with the lime ; 
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when the tank Ss full, the proportion of lime is made up to 1-lJ per cent., and the whole is 
thoroughly mixed. These operations are caftied on at the plantation, and the juice is then pumped 
through pipes, in some cases several miles in length, or conveyed in tank-barges, to the central 
factory ; agitation being continued during the pumping, the pipes do not choke. 

2. EeUming. — When the juice is received at the factory, a further proportion of slaked lime is 
added ; if it is from good sound canes, about J per cent suffices, but if from unripe or damaged 
canes, a larger quantity of lime is used. The store-tanks in which the juice is received are mostly 
made of concrete or of iron; they are of large capacity (30,000-50,000 gal.), and fitted with 
agitators worked by machinery, which keep the lime constantly suspended. If properly agitated, 
the relimed juice can be kept for several weeks without undergoing any decomposition. It is now 
ready for gasing. 

3. Grasing. — A kiln is constructed for obtaining carbonic acid from the calcination of lime- 
stone ; the lime is afterwards used for liming the juice, and the carbonic acid gas is drawn off by 
pumps or exhausters. The kiln is constructed to burn continuously, the limestone being fed in 
from the top. The products of combustion are drawn away through a 16-in. wrought-iron pipe, 
and cooled and washed by passing through a couple of scrubbers, so that the temperature of the 
gas when used is not more than 18°-24:° (65°-75° F.). The lime taken from the kiln is carefully 
hand-picked, and, for the preparation of the sucrate, only those lumps are slaked which are 
properly burnt, and free from the mineral matters introduced by the fuel used in the kiln. 
The limed juice in quantities of 1000-1500 gal. is pumped into tanks, called emousseurs, of 
5000-7000 gal. capacity, provided with revolving stirrers consisting of a hollow vertical shaft fitted 
with hollow arms, arranged to revolve in a horizontal position within a short distance of the 
bottom. The hollow shaft is connected with the exhausters by which the carbonic acid gas is 
being drawn from the kiln ; and the hollow arms are perforated with a series of holes, so as to 
allow the gas to escape within a few inches of the bottom of the emousseurs. This hollow agitator 
is kept in rotation by machinery, and the tanks are i filled with relimed juice, which must be cool. 

Carbonic acid gas is then forced under pressure in a rapid stream through the juice. At first, 
the liquid froths excessively, the froth frequently rising nearly to the top of the tank ; to modify 
this, the vertical shaft is fitted with rakes, which revolve with it and break the froth. The 
appearance of the juice is carefully observed, and a point is at length reached when the froth 
commences to subside. This is the indication of the approach of the completion of the first 
gasing, and the current of gas is then stopped, the agitation being continued, and a small sample 
of the juice drawn off for testing, as follows. 

A sample is rapidly boiled and filtered while hot, the amount of clarification being noted by the 
appearance of the liquor, which should be then of a pale straw-colour. 

The appearance of the partially decomposed precipitate of sucrate of hydrocarbonate of lime on 
the filter is examined. If too gelatinous, it indicates that stronger sucrate is present in the com- 
pound than necessary, and that more carbonic acid must be added in order to eliminate a larger 
proportion of the sugar. If, on the contrary, the precipitate is granular, the liquid of a dark 
sherry-colour, and all or nearly all the lime has been precipitated as carbonate of lime, too 
much gas has already been passed. The degree of alkalinity of the juice is also ascertained by 
titrating it with sulphuric acid, which affords a fairly effectual check on the amount of lime still left 
in solution. This quantity, if the process has been carried out successfully, is '15- "2 per cent., 
var3dng within small limits, according to the richness of the saccharine juices, and the quantity of 
glucose which they contain. The point which it is desired to reach by this process is such that the 
quantity of sucrate of hydrocarbonate of lime in solution is sufficient to ensure that, during the 
subsequent processes, the impurities present in the juice shall be effectively carried down ; but any 
excess over this quantity not only incurs loss of sugar, but increases the difficulty of filtration. 

4. Boiling. — ^When the liquor is successfully gased to this extent, it is run down from the 
emousseur into a circular closed vessel heated by steam, in which it is rapidly boiled for a few 
minutes. This boiling precipitates certain compounds of lime and sugar, probably in the form 
of basic sucrates of lime mixed with carbonate of lime and with nearly the whole of the impurities 
contained in the juice. This precipitate contains also a small proportion of the undecomposed 
sucrate of hydrocarbonate of lime. 

5. Filtering. — After boiling, the hot juice containing the precipitate and the precipitated 
impurities is run into a monte-jus, and forced by air or steam at a pressure of 40-50 lb. a sq. inch 
through filter-presses. These vary little from those in ordinary use, and commonly called “ yeast 
presses.” The mode of filtration is simply to force the precipitated liquor into a press until all the 
partitions, or “leaves,” as they are technically called, as shown in Fig. 1313, p. 1848, are full of 
precipitate. This is known by the liquor ceasing to run from the taps of the presses. If the 
process has been properly carried out, the liquor will filter very rapidly, leaving the presses full of 
a good firm cake containing 9-12 per cent, of sugar, which can readily be removed by washing in 
the press (by a special arrangement) with boiling water and steam. In a juice-factory, if is found 



1932 


SUGAK. 


better to reject this sugar than to incur the trouble and expense of recovering it, more especially as 
the wash-waters are weak in sngar, and contain some impurities dissolved from the cake ; they 
therefore require considerable evaporation before the contained sugar becomes available. In 
practice, for every 100 lb. of lime added to the crude juice, there will be about 250 lb. of 
molaxa; as the proportion of lime used seldom exceeds lJ-2 per cent, on the juice, the loss of 
sugar incurred would be n^leoted in a cane-growiiig country, where the actual cost of the 
canes forms by far the smallest portion of the cost of the manufactured sugar. The filtered juice 
as it runs from the taps in the filter-press is perfectly bright and clear, of a light straw-colour, and 
slightly alkaline to test-paper. It is now submitted to a second gasing. 

6. Second Gasing. — The clarified juice while still hot is pumped into tanks and regased, whereby 
a further quantity of lime is precipitated as carbonate of lime. The gasing is continued until the 
liquor is supersaturated with carbonic acid gas ; the liquor is then boiled by steam-coils or other- 
wise, and run into subsiding-vessels, after which tlie supernatant Uquid is filtered, generally 
through Taylor’s bag-filters, and is ready for concentration, if sugar of low quality is required, or 
for treatment with animal charcoal. The produce of sugar obtained is better in quality and 
quantity if char is used, and one of the remarkable features of this process is that the quantity of 
char necessary is only of that which is required in the ordinary refining processes. After 
passing through the char, the juice is ready for concentration and crystallization. In some 
cases, it is considered desirable to re-treat the molasses, i. e. to carry them through the same routine 
again. 

It will be apparent that the process is one' of unusual complexity, and requires careful 
supervision, more careful, in fact, than most chemical processes. The advantages claimed for 
it are: — (1) Increased sugar-yield from a given quantity of juice, (2) improved quality of sugar, 
(3) reduction in size of charcoal plant, (4) decreased yield of molasses. On the other hand, it 
is evident that for a colonial sugar-house the following disadvantages will be found : — (1) The 
plant is expensive ; (2) the labour required is of a high class, and skilled chemical supervision 
is essential in order to ensiue correct and successtiil working ; (3) when the juice is impure or 
from unripe canes, and contains much uncrystallizable sugar, a large proportion of glucate of 
calcium is formed, which, on account of its solubility, goes through aU the stages of the process. 
The greater part of this glucate is thrown out in the molasses, but a small trace of it remains 
in the crystal sugar, and causes it to deliquesce and to have an offensive odour. When the 
proportion of glucate becomes high, it forms a sticky mass, which prevents a considerable 
proportion of the sugar from crystallizing out after the boiling of the syrups. It is stated that 
the best results hitherto obtained are: — From every gal. of sound juice at 10° B., nearly 1"5 lb. 
of pure crystallizable sugar have been extracted ; but the molasses is so heavily charged with 
calcium salts as to be only fit for producing a very coarse spirit. It is especially necessary in 
this process to guard against the slightest tendency to fermentation, for when once ferment 
germs have been introduced, it is quite impossible to form the precipitate of hydrocarbonate of 
lime. When this is the case, the precipitate thus formed is of a slimy character, which clogs 
the filters so that no amount of pressure will force the liquor through the press. 

Although such satisfactory results have in certain cases been obtained by this process, there is 
little doubt that it is too complicated for ordinary plantations, and must be much simplified before 
it will come into general use, except in large central factories capable of treating at least 30,000- 
50,000 gal. per diem. 

For Refining Sugar. — Although the clarification is carried out in the same way, and similar 
chemical reactions take place in the precipitation of the impurities, yet the mode of conducting 
the process is necessarily somewhat different. It is essential to successful working that the raw 
sugar' to be operated upon should contain only small proportions of uncrystallizable sugar, certainly 
not more than 6 per cent. ; for this reason, beet-sugars are more easily refined than cane-sugars, 
and it is sometimes advisable to mix the two. Commercially, the standard quality of the raw 
sngar is kept up to a certain definite percentage of available sugar. This is done by analysing 
each parcel of sugar, and mixing so as to enable the refiner to work for one week or more on 
raw sugar of a constant composition. The standard of available sugar preferred is generally 
high, say 80-85 per cent., with a proportion of uncrystallizable sugar not exceeding 2-3 per cent. 
The method of working may be best described under the following heads : — (1) Melting the raw 
sugar, (2) preparing the sucrate, (3) application of the sucrate, (4) proportion added, (5) filtration, 
(6) regasing the filtered liquor. The raw sugar is melted in an ordinary blow-up, fitted with 
copper coils, so that closed steam is used instead of live steam, as in the ordinary method of refining. 
The sugar is melted with water to a density of 27-30° B. (cold). The thick sucrate is prepared by 
dissolving good beet- or cane-sugar, which should contain not less than 90 per cent, of available 
sugar, in cold water to 22° B. The quantity of crystallizable sugar in this solution is determined, 
and i of its weight of freshly-burnt caustic lime is slaked to a thick paste with water and added : 
the solutfon is kept cool and constantly stirred, and is pumped in quantities of say 1000 gal. to the 
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emousseurs, and gased in a similar manner to cane- or beet-juice, except that in this case it is not 
necessary to have a revolving shaft, and the rakes can also be dispensed with, as the amount of 
frothing is less than in the case of low-density liquors : in fact some sugar-solutions do not froth at 
all. Fixed perforated pipes laid along the bottom of the tank supply the carbonic acid gas from 
the lime-kiln, and the gasing is continued until the liquor becomes thick and gelatinous from the 
formation of suorate of hydrocarbonate of lime. The exact point at which nearly the whole of 
the crystallizable sugar is chemically combined with lime and carbonic acid is ascertained by the 
appearance of the substance, and its alkalinity to test-paper. It is important during this part of the 
process to keep the liquor as cool as possible, and the temperature should on no account be allowed 
to rise above 29J° (85° F.). The appearance of the sucrate is that of a cream-coloured gelatinous 
mass of the consistency of strong jelly ; its chemical composition is — 3 CaOOj, 3 (DaO 2 HjO. 

It is discharged from the gasing-tank through a slide-valve into a gutter or pipe communicating 
directly with the blow-up, or into a reservoir placed underneath in such a position as to allow the 
sucrate to be readily run into the blow-up. 

The reservoir into which the sucrate is discharged is made of a size to act as a measure of the 
quantity to be added to the raw liquor. Experimental teats are made with the suorate to discover 
the right proportion to add to the raw sugar liquor, so as to obtain the best clarification with the 
greatest possible speed of filtration. It is sometimes necessary to determine the sp. gr. of the 
sucrate, and add the proportion by weight, as it not unfrequently happens that numerous bubbles 
of gas remain entangled in the gelatinous mass. The required proportion is added either to 
the liquor in the blow-up, or at the time of melting, running the sucrate in while the raw sugar is 
being melted. The proportion added varies greatly with the quality of the sugar and the 
strength of the sucrate formed, but it may be taken generally that 2000 gal. of liquor at 27° B. 
require 200-500 gal. of sucrate for clarification. 

After mixing with the sucrate, the liquor is pumped into the heater and boiled rapidly, and 
then forced by steam or air-pressure from a monte-jus at a pressure of 50-60 lb. a sq. in. through 
the filter-presses. The filtered Ihiuor, freed from impurities, and very slightly alkaline, is 
regased, boiled, and reflltered, and is then ready for passing through animal charcoal, which 
easily removes the small amount of colouring matter and impurities left. 

On account of the large percentage of sugar which the molaxa or cake contains (25-30 percent.)-, 
it is necessary to re-treat with water, either in a mortar-mill, in which case it is of course necessary 
to refllter, or better to wash the cake in the presses by means of steam and water, which can be 
readily done, so that the cake contains no more than 1-2 per cent, of sugar, the resulting sweet 
waters being used in the blow-ups for melting the sugar. 

The advantages claimed for this process are — decreased cost of working, great saving of animal 
charcoal, and increased yield of sugar. From the success which it has attained in England and on 
the Continent, it is evident that, although somewhat complicated, it can successfully compete with 
the commoner systems. The great drawback is that with cane-sugars of low quality, much 
difficulty and uncertainty is experienced in working, partly on account of the large proportion of 
unerystallizable sugar, also from the fact that the soluble salts of lime formed seriously retard the 
crystallization of the sugar. With beet-sugar, this objection does not hold good, and it is 
probable that this method or some modification of it will in the future supersede to a great extent 
the present processes. 

Elution . — In the elution process (see pp. 1859-60), a sucrate (“ sacoharate ” or “ melassate ”) of 
lime is first formed, and then purified by the action of alcohol. For this purpose, Duncan and 
Newlands add to an aqueous concentrated solution of any compound of sugar with lime, a quantity 
of alcohol, and agitate the mixture for a short time, when the sucrates of lime are mostly pre- 
cipitated, and can be separated by decantation or filtration. Good results are attained by an 
admixture of 1 vol. of the concentrated solution of sucrate with 2 vol. of alcohol. The deposited 
sucrates after separation may be washed with alcohol to further free them from saline and other 
impurities; sufficient water to dissolve the sucrates is then added, and the mass is heated in 
a still, to recover any adhering alcohol. 

The purified sucrates may be decomposed by carbonation, or by the action of dilute sulphuric 
acid of sp. gr. 1-182, whereby the lime is precipitateil, and the sugar is rendered available. The 
alcoholic solution remaining after the precipitation and separation of the sucrates is heated in a 
still until all the alcohol comes over. 

They also purify by means of alcohol, the peculiar compound of sugar with lime and carbonic 
acid known as “ sucro-oarbonate of lime.” This substance, prepared by Johnson's, Murdoch’s, or 
other process, is washed with alcohol, to remove saline matters and other impurities. The purified 
Bucro-carbonate is then heated with water in a still, to separate adhering alcohol, and is lastly 
decomposed by carbonation, or by the action of sulphuric acid of sp. gr. 1-182. 

They further remove lime salts, produced by the action of lime upon saccharine solutions 
containing unerystallizable sugar, by alcohol. The saccharine solutions are heated with sufficient 
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limA to destroy any nnorystallizable sugar present (a quantity equal to the uncrystallizable sugar is 
sufficient), the syrup being afterwards preferably neutralized by carbonation ; the syrup, now 
containing a quantity of lime salts, is concentrated, after which, alcohol is added, and a large part 
of the lime salts is precipitated. About 2 gal. of alcohol to 10 lb. of syrup gives good resulfe In 
this manner, syrup may be freed from uncrystallizable sugar without permanently increasing its 
saline constituents. The precipitated lime salts are separated by decantation or filtration. The 
alcohol contained in the ^rup, and that adhering to the deposited lime salts, is recovered by 
distillation. 

In the elution process as ordinarily conducted, the washing of the sucrate with alcohol occupies 
considerable time, and involves the use, even in a small factory, of a number of elntors of large 
dimensions. These inconveniences Newlands avoids in the following manner. In lieu of the 
ordinary atmospheric temperature for the elution of the sucrate, he employs alcohol at an elevated 
temperature, by which means the operation is performed in a very short time, and with the aid of 
small plant, whilst the results are equal, if not superior. With alcohol at 74°-77° (1G5°-170° F.), 
the washing may be performed in a few minutes. The alcohol may be heated by means of steam- 
jackets. After the washing, the purified sucrate is further treated in the usual manner. 

The alcoholio solution containing the impurities is distilled to recover the alcohol, and the 
remaining residue, which contains a considerable quantity of sugar, is converted into sucrate of 
lime by any of the usual methods, and washed with alcohol at 74°-77° (165°-170° F.), by which 
means a large portion of the sugar is recovered. 

Centrifugals. — Ordinary centrifugals for curing raw sugar have been already described (see 
p. 1900). 

Those used in refineries do not materially differ from those used in factories, except they are 
made of larger diameter, and therefore capable of holding a much larger quantity of masse-cuite. 
The time occupied in centrifugalling a charge of first crystal masse-cuite is 2-6 minutes, including 
washing or liquoring; the quantity of sugar turned out depends entirely upon the size of the 
machine, generally a turn-out of one or more cwt. of refined sugar constitutes a fair charge. The 
masse-cuite should be fed into the centrifugal a few moments after the latter has been started, but 
before it has attained its full speed. The syrup from centrifugals, if sufficiently pure and free from 
colour, is diluted to 30° B., and boiled for second crystals. These are smaller, and obtain a sale as 
such ; occasionally, however, a special mechanical appliance is attached to the vacuum-pan, by 
means of which a quantity of these crystals can be drawn in during the boiling of the liquor, and 
after the pan has started (but before grain has been obtained), without destroying the vacuum. 
These crystals are fed in the usual way, and any slight colour or blemish which they may have 
had is coated over with the sugar deposited in increasing their size. After two boilings, the syrup 
again becomes discolored, and contains the whole of the mineral and organic impurities. These 
syrups are reboiled to a “ jelly,” run into coolers, and, after standing one or two days to crystallize, 
are centrifugalled in machines capable of holding 10-20 cwt. The sugar obtained, which of course 
has considerably decreased in yield, is of a light-yellowish colour, soft, and having little or no grain, 
and is known under the name of “ refiners’ pieces.” The yield depends entirely upon the quantity 
of available sugar which the masse-cuite contains, but generally amounts to 20-40 per cent, of the 
weight of the masse-cuite. The final syrup is boiled, and allowed to stand in coolers for some weeks, 
in order to obtain the whole of the sugar capable of crystallizing. It is machined, and forms a 
lower quality of “pieces,” or, if too bad for this, is sent to the blow-up to be again passed through 
the refining operations. Generally it requires three or four crystallizations before the whole of the 
sugar is obtained. The residual syrup or molasses is highly charged with impurities, and is either 
sold as such, or partially purified, and inverted by treatment with acid, as described on pp. 1915-6, 
and sold as brewing sugar. 

Duncan and Newlands dispense with the direct action of steam, as sometimes employed, and 
subject the sugar contained in the centrifugal to the action of a spray produced by causing steam 
or air to act upon water, saccharine solutions, or alcohol, in such a manner as to diffuse them in a 
fine state of division ; and construct the centrifugal with a hollow spindle for this purpose. 
Fig. 1410 shows a vertical section of the machine, a is the hollow spindle, with a passage b for the 
introduction of the spray, turning in a footstep-bearing c, and working in a bearing d, carried by a 
projecting bar e, secured to the frame / in such a manner as to admit of the requisite freedom of 
movement of the machine, whilst retaining the bearing d firmly in position. This bearing is 
recessed on its interior, so as to form an annular duct g for the admission of the spray, which is 
thence conducted into the passage b, through apertures A, and is discharged into the sugar through 
other perforations >, formed in the sides of the spindle, or in the top. The central pipe k is pro- 
vided for lubricating the bearing d. The removable casing, constituting a core around which 
the sugar is introduced, is constructed with sides of the cores I perforated ; and the core is retained 
in the machine after charging, the spray passing through the sides of the core into the charge in 
the annulatr space m between the exterior of the core i and the interior of the lining n of the drum 
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or cage o. The’lid p, attached to the drum o instead of to the outer casing q, entirely ooTers the 
drum 0 , and is provided with an annular rim r to encircle the upper end of the core I, the lid p 
with the core I being together retained in position by a nut s screwed into the threaded upper 
extremity of the spindle a. 

Sugars cleansed in centrifugal machines by steam admitted to the inside of the drum are apt to 
have a grey appearance. Boegel and Oill found this to result from particles of dust lodging 
between and on the crystals 
of sugar, this dust being 
carried in by the air which 
is drawn through the centri- 
fugal. To remedy this defect, 
the oash^ by which the re- 
volving drum of the cen- 
trifugal is surrounded, is 
covered at top by a lid, 
whose under side carries a 
hollow casing, called the 
“ distributor,” which enters 
and occupies the greater part 
of the central space of the 
revolving drum. Means are 
provided for forcing into the 
interior of this distributor 
either moist or dry, warm, 
clean air. The air escapes 
into the lower part of the 
drum, and is thrown against 
the wall of sugar. When a 
charge of sugar has been 
filled in, the lid is lowered, 
the drum is revolved, and 
warm, moist, clean air is 
forced into the lower part of 
the drum. When the sugar 
has arrived at a clean crys- 
talline state, the warm 
moist air is replaced by 
waim dry air, and the sugar is thus quickly dried. The movement of the drum is then arrested, 
the cover is lifted, and the sugar is cut out. 

Many other processes have been from time to time employed for the purpose of dispensing with 
the use of charcoal. Weinrich’s machine, which consists of a covered centrifugal described on 
p. 1934, Fig. 1410, is in use for freeing beet-crystals from some of their objectionable salts ; 
it has been applied also to cane-sugars, and answers fairly well when the sugars are grainy in 
character ; but for soft raw sugars containing much molasses, the time occupied in purifying the 
sugar, and the great loss of weight caused by the steam melting the fine grains of sugar, render it 
of little value except under peculiar circumstances. The yield with raw non-grainy sugars is 
50-60 per cent., and the time occupied in purging a charge of 300 lb. sugar is 40-50 minutes. 
Eaw sugar containing about 80 per cent, of crystallizable and 6 per cent, uncrystallizable would 
yield about 50 per cent, of sugar in hard blocks, of a dirty grey appearance, polarizing say 
96 per cent., but containing a considerable proportion of the mineral impurities, with probably not 
more than 1 per cent, of uncrystallizable ; the remainder of the crystallizable sugar has been melted 
by the action of the steam, and carried into the molasses. This process is at work in the refinery of 
James Duncan, for purifying beet-sugars, and at the Oriental Refinery, Hong-kong. 

Where raw sugars are prepared by melting and graining in the vacuum-pan, and passed through 
this machine previous to being refined by charcoal in the manner already described, it is neeessary 
to first grain in the vacuum-pan, otherwise the objections to the process when used for soft sugars, 
already urged, hold good. Of course, the larger the crystals, the less time does it take to purify, 
and consequently the greater the yield. Refining by successive crystallizations is of little or no 
value. It is earned out by melting the sugar, boiling for grain, centrifugalling, and reboiling the 
successive syrups. Only three crystallizations can be obtained by this plan, and the third is almost 
as bad if not worse in colour than the original sugar. About 50 per cent, of the total sugar is 
obtained from the first masse-cuite, 16-20 from the second, and 8-12 from the third, the molasses 
• being fit for nothing except distilling. 
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Summary of Patents. — A short smnmaiyof the yariovis patents which have been taken ont 
for the manufactnre of sugar, and for the varions processes connected therewith, affords a con- 
venient mode of tracing the progress of inventions in this industry, and of indicating what processes 
and methods tried by previous inventors have not proved commercially satisfactory, or have failed 
to secure acceptance by practical manufacturers and refiners. These notes will include some pro- 
cesses which, even after the patents have lapsed, have come into use, but they will not include 
second or third repetitions of a patent. 

Since the commencement of the patent law, nearly 900 patents have been taken out for 
different processes, apparatus, and methods in connection with the manufacture or refining of sugar. 
These wiU be divided into classes, eliminating all such as show no clear novelty, or indicate 
nothing upon which a fresh invention can be readily based. A large number of processes which 
seemed to promise good results have failed when brought into actual work ; and although some- 
times a following inventor has improved a little on the original, it is impossible in every case to 
enter into the details essential to show in what points the subsequent improvement differed from it. 
Several of the most successful processes in use at present in sugar-refining do not appear at aU in 
the records of the Patent Office, and some of the lapsed patents contain the elements of what have 
subsequently proved valuable processes. The summary wOl therefore consist of short notices only 
of patents in which novel ideas are put forward. 

1. Treatment of the Sugar-cane. — The current systems of extracting cane-juice are described on 
pp. 1873-83. The methods which have been proposed for the purpose of more fully extracting 
the juice are : — 

1848, No. 12033, Newton : cutting the sugar-cane into small pieces, afterwards dried in a kiln, 
and pulverized so as to facilitate the extraction of the sugar from the powder. This cutting and 
pulverizing has been repatented on various occasions since. 

1853, No. 1243, Manfold and others : reducing canes to “ saw-dust ” by means of circular saws, 
and then pressing the juice out with the aid of live steam to dissolve the soluble matters. This 
also has been repeatedly patented since, but the mechanical power required has proved too 
great. 

1876, No. 3539, Murdoch: cutting the canes into thin slices at an angle of about 45° to the 
length of the cane, grinding them between rollers of peculiar construction (the surface being cut 
with helical or screw threads iu reverse directions, in order that the thin slices might be dis- 
integrated), and afterwards subjecting the pulp thus obtained to pressure for extracting the juice. 

None of these peculiar processes seem to have come into practical use. 

2. Evnpo'-ating Apparatus (see pp. 1854-7). — A large number of patents have been taken out for 
evaporating sugar-liquors by supposed economical methods : — 

1871, No. 4130, Wyatt : rotating discs, cylinders, or tubes, the lower part of which dip dnriug 
the rotation into the vessel which contains the boiling juice or liquor, while the upper part is 
exposed to the air. This idea has been patented many times with slight modifications ; the main 
difficulty in connection with its use is that the sugar dries on to the discs during the rotation in 
the form of a concrete or almost gelatinous mass, containing a large proportion of inverted sugar. 

1845, No. 10474, Gadesden : an apparatus almost identical with Wyatt’s. 

1862, No. 1242, Fletcher : another similar one. 

1865, No. 418, Fryer : the first step towards wbat is now known as “Fryer’s Concretor” (see 
pp. 1898-1900). 

1867, No. 3721, Tooth : a scrubber similar lo that ordinarily used for gas-works. Obviously this 
would only be applicable to dilute solutions ; if concentrated solutions were used, the packing of 
the scrubber would become coated with the sugar, and the sugar would be destroyed or inverted. 

1868, No. 796, Tooth : the application of an exhaust to this scrubber, with arrangements for 
heating the lower part, to facilitate the evaporation. 

1870, No. 1900, Johnson : a series of vacuum-pans placed on ascending levels so that the 
vapour rising from the lowest might be used as the heating agent for the one next above, the series 
comprising a multiple-effect (see pp. 1895—8). 

1877, No. 3477, Fryer : improvements on his concretor, which have come into practical use to a 
considerable extent (see pp. 1898-1900). 

Vacuum-pans.— The more modem forma of these are described on pp. 1893-8. As at present 
worked, they are used for almost all classes of raw and refined sugars. 

The inventions to be referred to now mainly relate to the earlier stages, but it does not appear 
from the patent records that any one specifically patented the vacuum-pan itself or claimed its use as 
a distinct invention. All that is evident is that step by step improvements have been made in the 
mode of using it, or in the appliances connected with it, without anything to indicate to whom the 
invention originally belonged, as far as its application to sugar is concerned. 

1867, No. 2213, Gordon : a discharge-chamber fixed to the bottom of a vacuum-pan in the form 
of a pocliet, with the object of allowing the removal from time to time of the heavier crystallized 
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portiona of the Sugar settled at the bottom, without theadmiseion of atm03[diericair andoonseqnent 
destrnetion of the yacunm. 

1871, No. 1777, Brough & Fletcher; alteratioua in the air-pumps and injection-nozzle, the 
object being to allow the injection-jet to spread as a solid sheet of water instead of as a spray ; also 
electro-plating the interior of the vacuum-pan, to prevent the action of the sugar-liquors upon the 
metal of which it was composed. 

1871, No. 3232, Bobertson : exhausting the pan by means of steam-jets instead of an air-pump, 
using the jet on the principle of the now well-known Giffatd or Korting injector. 

1872, No. 287, Chapman: constructing a triple-effect in which the vapour from the first pan 
passes into the tubes of the second, and that from the second into the tubes of the third, the three 
pans being placed vertically on ascending levels, and differing very little, except in the number of 
the pans, from Johnson’s. As regards real improvements in double- and triple-effects, and in the 
construction of the pans, so as to get better results from the same amount of steam, there is hardly 
anything in the patent records worth noting, except BiUienx’s (see p. 1897). 

3. Filtratim. — Considering the great importance of this process in connection with the 
manufacture and treatment of sugar, the Patent Office records contain singularly little information 
of value. 

1824, No. 4949, Cleland : bag-filters 6 ft. long and 3-4 in. diameter, which practically formed 
the first step towards the well-known Taylor-filter now universal in sugar-refineries. 

1834, No. 792, Nash : accelerating filtration of sugar-liquors and liquoring of loaves by 
producing a vacnum below the sugar to be filtered or liquored, or by increasing the atmospheric 
pressure on the top. 

1856, No. 1083, Finzell and others : the use of Needham & Kite’s presses, better known in 
their modern forms as “yeast-presses,” working under pressure, for facilitating the filtration of 
sugardiquors. 

1863, No. 2282, Cowen : the use of a vacuum for assisting filtration of the liquor through 
charcoal. 

Charcoal and Substitutes for it. — These form a branch of filtration. 

1860, No. 212, Duncan and others : the use of internal tubes inside the retorts in which the 
animal charcoal is rebumt, for tlie purpose of allowing the gaseous products of combustion to 
escape more readily, and effect considerable improvements in the quality of the rebumt charcoal. 

1860, No. 2104, Belton : an artificial substitute for charcoal, made by calcining a mixture of 
bog-peat and chalk. 

1861, No. 3275, Le Plat : revivifying animal charcoal by a wet process, consisting in washing 
with boiling water and milk of lime, and treating with live steam until the disengagement of 
ammoniacal vapours entirely ceases ; also the addition of bibasic phosphate of lime or phosphate 
of magnesia to the revivified charcoal. In some cases, he uses acid to wasli out any excess of 
carbonate of lime, and in some eases carbonate of soda or caustic soda to remove any organic acids 
which might remain. 

1865, No. 1409, Muller and others; a substitute for charcoal, consisting of a mixture of 
China-clay, whiting and charcoal, saturated with a solution of ulmate of ammonia, and carbonized. 

1864, No. 2409, Gaade ; an artificial refining powder made from powdered animal charcoal 
mixed with argillaceous earth into a pasty mass, dried and calcined before use. 

1865, No. 3078, Gaade : the use of soot, carbonized blood, and carbonized flesh, mixed with 
clay or other suitable plastic material, and then dried and calcined. 

1866, No. 258, Moiitclar : another mixture of soot, with vegetable or animal chareoal, coke, 
gas-carbon, carbonized animal matters, and other carbonized matters, all being powdered, mixed 
with urine or solutions of gelatine, and dried and calcined, 

1866, No. 1640, Patrick : a process of revivifying spent charcoal by allowing it to ferment, and 
then passing carbonate of soda through it {urior to washing. 

1870, No. 309, Eipfeldt and another : treating the charcoal after fermentation and steaming 
with caustic ammonia until thoroughly cleansed. 

1876, No, 2535, Lugo : treating spent charcoal with solution of boric acid, in the proportion of 
f’y-l part by weight of the acid, to 100 parts of the bone-black, and afterwards calcining it. 

4. Centrifugal Machines. — The patents under this head are not of much importance, and 
as descriptions of the better classes of machines are given on pp. 1900, 1934r-5, few will be referred 
to here. 

1843, No. 9898, Hardman : apparently the first patent for the use of a centrifugal machine ; 
from Fig. 1411 it will be seen that though the idea was somewhat crude, it was a remarkably good 
first step towards the process now almost universally employed for draining the mother-liquor 
from the sugar. 

1847, No. 11920, Playfair & Hull : arrangements for continuous feeding of the masse-cuite into 
the machine while it is running. , 
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I860, No. 1981, Fryer: keeping the atmosphere inside the casing of the machine in which tlie 
drum rotates warm and damp by means of a jet of steam. 

1867, No. 1178, Merrill : an arrangement for removing the charge of sugar from the machine 
without stopping the rotation of the cage, effected by an internal receiver furnished with a series 
of scrapers hanging upon pivots, so that when these scrapers are simultaneously opened by a 
handle or lever, the dried sugar is removed 

* ° 1411 

from the cage and brought into the internal 
receiver, which is afterwards lifted from the 
machine while it is running. 

1869, No. 235, Lafferty & Lafferty : im- 
provements in the mechanical details- of 
the machines so as to provide for more 
effective lubrication, and to dimmish the 
vibration in case the cage is unequally 
loaded ; also driving the machine by oone- 
or friction-gearing instead of spur-gear. 

1870, No. 679, Wigner ; a scoop, actuated 
by a slide-rest for removing the sugar while 
the cage is running. 

1870, No. 2886, Lesware ; a machine in 
which the basket is made removable from 
the spindle, so that as soon as the charge is 
dried, the cage may be lifted off and replaced 
by another containing a fresh charge. 

1871, No. 3222, Lafferty & Lafferty ; im- 
provements in the friction-gear for starting 
and stopping the machine. 

1874, No. 755, the same: further im- 
provements, as shown in Fig. 1412, the 
most important having reference to pro- 
viding an easy mode for discharging the 
dried sugar while the drum is rotating. 

5. Brewing - Sugars, Stjrch - Sugar, and 
Invert Sugar. 

1855, No. 565, Eiley: manufacture of 
starch- or grape-sugar from starch by 
boiling flour or meal of any cereal with 
sulphuric acid under pressure, say 10 lb. a 
sq. in. 

1859, No. 451, Garton : dissolving canc-sng.ar in water, and heating it to about 71° (160° F ) 
for 48 hours, agitating it during the first few hours, and then adding acid, which is neutralized by 
chalk at a later stage. ^ 

1859, No. 2138, Manbrc : making brewers’ sugar from a mixture of potrto-starch and dextrin^-- 
with rice- or maize-flour, and with diastase, malt, or sulpliuiic -’d. -. 1 ’■ ■■ ■■ 
conversion into starch-sugar is complete; also defccali"" b- '• * ». V' ? 

other matters. ' ' = - 

1864, No. 552, Manbre : use i , -i, , . . . , 

i r iu strong iron vessels lined with lead, to serve as convertors, and 
raising the temperature of th^ ^ 

90 lb. a sq. in. by which during the process of conversion to 160° (320° F.), or say 
, f ■' avoid the formation of gummy matters and empvreumatic acrid oils; 

had been the maximii/^^ of sulphuric acid, viz. 20 per cent., whereas 2-5 per cent. 

locrr -KT .„/Ji formcrly uscfl . 

lead tin copper iaUioone & Manbre : lining the high-pressure boilers used for eonversion with 
the flanges platinum, by turning the edges of the sheets of metal between 

to the ' ° segments of which the boiler is composed, so that no portion of the iron is exposed 

. , action of the acid used in the process. 

1869, No. 1897, Manbre : steeping barley, rice, maize, wheat, and other grains, nuts, roots, and 
other vegetable products in water, and masticating and grinding them for the purpose of separating 
the starch before submitting them to the converting process. 

1870, No. 1562, Manbre : further improvements in the convertors, consisting mainly in the use 
of cast-lead linings, instead of the rolled lead previously employed. 

1870, No. 205, Garton ; adding to the solution in the convertor, animal char, or other 
substance containing phosphate of lime, so th.it when the excess of acids is neutralized, the 
precipitate of phosphates may defecate the sugary liquid. 
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1871, No. 1232, Garton ; the preparation of brewing-ang.irs direct from raw cane-jnice or beet- 
juice, by treating them with acid in the usual process of conversion, but without the juice having 
undergone the usual preliminary process of manufacture into sugar or syrup. 

1874, No. 3639, Manbre; process and apparatus for converting starch into a mixture of 
dextrine and glucose, by agitating the starch with acidified water, and submitting it to dry heat 


1412. 



over an open fire or in a stove, stirring continuously, so as to obtain a product in the form of a 
powder. 

1875, No. 1724, Manbre : the addition of law cane-sugar to the converted starch as it is run out 
from the convertor in the form of glucose, and subsequently heating the mixture in a vacuum- 
pan for J hour at a temperature not exceeding 149° (300° F.), at which temperature a chemical 
reaction is said to take place, producing a compound or new sugar, which is identical, in 
sweetness and other properties with those sugars yielded by grapes and which produce the best 
brands of wine. After filtration, the mixed sugar can be again concentrated so as to form a solid 
sugar. 

1874, No. 309, O'Sullivan & Valentin : the production of a compound solid body from starch or 
starchy substances, to which they applied the term “ dextrine-maltose,” and which is stated to 
consist of the same proportional quantities of dextrine and maltose as are ordinarily obtained from 
malt by the mashing process. The mode of operation is as follows : — The meal of rice or any 
other starchy substance, is introduced gradually, with constant stirring, into acidulated boiling 
water, containing lJ-3 per cent, of concentrated sulphuric acid in the proportion of 100 parts by 
weight of the meal to 250 parts of the acidulated boiling water, the mixture being made in an 
ordinary mash-tun. The transformation or conversion is arrested when the liquid contains in 
solution the requisite proportions of maltose and dextrine, ascertained by neutralizing the free 
acid, filtering, determining the sp. gr. of the filtrate, and estimating the proportion of oxide of 
copper reduced by the known weight or measure. The conversion is supposed to be complete 
when the quantity thus reduced indicates that about 44 per cent, of the glucose calculated on the 
total solid matter derived from the starch has been reduced. Another test given is that the 
transformation is complete if the specific rotatory power of the substance in solution for the transition 
tint is about 171°. The acid liquor is then neutralized with chalk or milk of lime until it is as 
nearly neutral as possible ; to avoid excess of alkali, the liquor is evaporated in vacuum-pans until 
the compound body retains only 4—5 per cent, of moisture. It is directed that care be taken in 
packing the substance so as to prevent it from absorbing moisture. 

1876, No. 2025, Valentin : the manufacture of “ dextrine-maltose,” and further improvements 
in the method of evaporation, consisting essentially in additional filtration, and in finishing the 
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concentration in the open air instead of a vacnnm-pan. By this change, it is claimed that the 
albuminoid substances which have not been removed by filtration are more completely oxidized, 
and that the finished article is consequently superior in quality. 

6. Various Chemical Substances. — The number of chemical agents which have been patented for 
use, either in the treatment of cane- or beet-juice, or in refining and purifying sugar, is so great 
that space will not be occupied by always entering into the details of the manipulation proposed. 
Ill the absence of any statement to the contrary, it may be assumed, either that the experiments 
proved unsuccessful, or that the process was not brought to a practical trial. 

1774, No. 1061, Fordyce : tlie use of blood for clarifying sugar. 

1813, No. 3754, Howard : the use pf alum, lime, and chalk (see p. 1887). 

1815, No. 3912, Martineau and another; the use of animal charcoal, coke, certain kinds of 
oohres, and lamp-black. 

1825, No. 5272, Jennings ; washing raw sugar with rectified spirits of wine, or other alcoholic 
liquids, for the purpose of dissolving out the colouring matters and impurities. 

1833, No. 6442, Terry & Parker : mixtures of sulphate of zinc, prussian blue, and lime, so 
proportioned as to produce what the inventors call “ferrocyanic acid.” The sugar-liquor to bo 
treated is boiled and “ scummed ” in the ordinary way, blood or white of eggs being used, and 
then the solutions containing the substances above mentioned are added while the liquor is 
boiling. 

1838, No. 7573, Stolle : the use of alcohol charged with about 2 per cent, of sulphurous acid, 
subsequently washing the sugar with pure alcohol to remove the excess of sulphurous acid, 

1847, No. 11790, Sievicr ; the use of the earbonaceous matter produced by the action of 
sulphuric acid on sugar as a means of purifying other sugar. 

1847, No. 11991, Scofifem : acknowledging that salts of lead had previously been used for 
purifying sugar, claims the use of sulphurous acid for extracting the excess of lead which may 
have been left in the liquor ; also a special mode of preparing the aeetate of lead, which presents 
very little peculiarity (see pu 1888). 

1849, No. 12617, Eeece & Price; the use of hyposulphite of lime, in conjunction with 
acid sulphate of alumina, acetate of alumina, or similar substances; also the use of the com- 
bination of sugar and lime known as “saccharate of lime,” to produce a magma of carbonate of 
lime and sugar, for the purpose of neutralizing the excess of acid which may have been used in any 
process. 

1851, No. 13634, Oxland & Oxiand ; the use of phosphoric acid in a state of eombination, 
for separating the residual lime or other chemicals which may have been left in the refined 
sugar. 

1852, No. 14233, Egan : the expressed juice of the plantain for defecating raw sugar liquors ot 
juice. The idea is doubtless taken from the custom which the natives of tho Straits Settlements, 
China, &c., have of expressing the juice from the Mitsa spp., diluting it with water, and using it to 
liquor the pots or pilones of raw sugar; the juice is rather acid, but it really purges the sugar very 
well, though it considerably reduces the weight by formation of molasses. 

1852, No. 366, Nash : the use (1) of salts of tin for defecating the sugar — this has since been 
repatented upon several occasions ; (2) of chlorine for removing or destroying the colour ; (3) of 
ammonia for dissolving the albuminoid impurities from the sugar. 

1853, No. 431, Hills : a filter of sawdust, phosphate of lime, or animal charcoal, to remove any 
residue of lead left in the sugar from the use of the subacetate of lead process for refining. 

1853, No. 487, Brandeis ; the use of salts of lead, tin, zinc, and bismuth, the only one which 
appears to be new being the bismuth ; also removing the excess of these metallic salts through a 
filter of calcined shale or schist. 

1853, No. 1510, Galloway: tannic, oxalic, gallic, or other acids, or combinations of these acids 
with potash or sotla, for removing residual lead. 

1853, No. 2358, Way : soluble silica to neutralize excess of lime. 

1858, No. 655, Gilbee: washing the crude sugar with alcohol, and then treating it with 
sulphuric, tartaric, or otlier acids or salts. 

1859, No. 58, Reynolds : the use of stannate of alumina. 

1859, No. 370, Rousseau ; the use of hydrated peroxides of manganese and iron. 

185% N(X 1131, Reynolds : tlie use of meta-stannic, stannic, or tunstic acid, &ee or irt 
combination. 

1859, No. 1861, Possoz; the use of lime with subsequent carbonation at a smnewhat high 
temperature, the resulting syrup being again treated with lime and recarbonated. 

1861, No. 1956, Gemini : fullers’ earth. 

1861, No. 3112, Mennons: egg-albumen. 

1862, No. 2294, Herepath : bleaching-powder. 

1863, No. 2053, Dubrunfaut: the first application of the welbknown phenmnenon of osmosis 
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for the separation of the organic and inorganic salta present in saccharine solutions &om the 
sugar. 

1866, No. 594, Gedge : cutting the cane or beet into small slices, and extracting the saccharin^ 
matters slowly by passing these slices successively through solutions containing less and less 
quantities of sugar, and finally into clean water, thus extracting the sugar by what is called the 
diffusion process (see pp. 1842-5, 1880-3). 

1866, No. 2645, Beanes : the use of ozone. 

1866, No. 3146, Jiinemann : a gelatinous precipitate of saccharate of lime. 

1867, No. 54, Johnson : treatment with lime and carbonic acid in a somewhat peculiar way. 

1869, No. 1498, Robert : further modifications to adapt the diffusion process to the treatment of 

raw canes, so as to extract the saccharine matter by one continuous feeding process (pp. 1881-3). 

1871, No. 1235, Duncan & Stenhouse : the use of sulphides and hydrosulphides of the alkaline 
earths for extracting iron from refined sugar. 

1871, No. 1406, Dawlings : the use of carbonized iron ore. 

1871, No. 1619 : Duncan & Stenhouse : the use of sulphuretted hydrogen and calcium sulphides 
and hydrosulphides, for removing metallic impurities. 

1871, No. 2090, Duncan, Newlands, and Newlands : the use of sulphate of alumina to remove 
the potash salts present in the sugar or syrup, and the manufacture of alum thereby. This process 
is more fully described on pp. 1927-8. 

1873, No. 3151, Tamin : the use of soluble silica and fluorides. 

1874, No. 1736, Johnson : the use of alkaline carbonates prior to treatment of the sugar with 
alcohol. 

1876, No. 240, Barrault : the “ sucrate ” process, which is more fully described on pp. 1930-3. 

1877, No. 190, Bernard & Ehrmann : the use of magnesia. 

1877, No. 583, Stuart : the use of hypochlorite of sulphur. 

1878, No. 2211, Barrault : the re-treatment of the first crystal sugar by the sucrate process, in 
order to avoid the use of animal charcoal. 

7. Sundries . — Under this heading are included a number of patents which are not readily classi- 
fied with those previously referred to. Some two or three are noted mainly because of their 
peculiarities, and it is quite possible in one or two cases that useful ideas may be found in them. 

1852, No. 797, Bessemer : “ to prevent the drying of sugar, and to render it permanently moist, 
by the addition of saccharine or such other matters as do not readily evaporate on exposure to the 
air.” This addition is to be effected by adding a solution of chloride of sodium, or such other 
saline matters as would render the sugar solution deliquescent, or nncrystallizable, and give the 
requisite moisture. In some cases, gelatine or glucose is proprjsed for the same purpose. 

1862, No. 822, Fryer : the use (1) of very large crystallizing vessels not less than 30 ft. deep, 
and holding 50 tons of sugar, for crystallizing the sugar contained in the residual syrups ; (2) after 
expressing the remaining syrups from the crystals, placing the masse-cuite in bags, and expressing 
the syrup by placing the bags one on another so as to form a column 20-59 ft. high. The first part 
has, with modifications of the size of the vessels, come into general use in many sugar-refineries ; 
the second portion has, after repeated trials, been abandoned by the m.ajority of refiners. 

1864, No. 1342, Bertholoniey : a process of feeding the growing cryst.ils in the vacuum-pan by 
successive supplies or additions of concentrated syrup or clarified sugar. The patent hardly seems 
to have held its ground as a patent, but the process has come into considerable use, especially with 
those refiners who aim at the production of large crystals. 

1868, No. 1845, Linai-d : the first step on the patent records towards the central factory system 
(see p. 1836). Although the invention as described here had not been patented before, very similar 
apparatus had been tried previously, substantially consisting in extracting the juice of the cane or 
beet on or close to the spot where they are grown, and supplying the juice as expressed to a central 
factory. 

1871, No. 1183, Weinrich & Schroder: chilliug the messe-cuite in moulds, and afterwards 
moving these moulds boilily into the centrifugal mm-hine, so that the syrup is forced out, forming 
a kind of crude loaf ; also liquoring this sugar in the machine, by means of ” warm water in a state 
of mist,” this warm water being obtained from a jet of steam let in with air into the interior of the 
revolving cylinder. 

1874, No. 1870, Duncan (a communication from Weinrich): the addition of ultiamarine or 
artificial ultramarine to the powdered, crushed, or crystallized sugar, in order to improve its quality 
and appearance ; also certain modifications of centrifugal machines, so as to render them more 
suitable for this process, consisting essentially in the use of an inner cylinder, so arranged as to cause 
the sugar to form an even layer over the drum of the machine, which, being suspended in the 
drum by a swivel-joint, is capable of being removed shortly after the machine has been started, 
and while it is running. 

1875, No. 4107, Duncan & Newlands : further improvements for the same purpose ; also 
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suggestions for the use of a spray of saccharine solution or alcohol in addition to water, for washing 
the sugar in the centrifugal (see p. 1934). 

1875, No. 4420, Korting : another form of fog or damp air washing apparatus, for use in centri- 
fugal machine. 

1876, No. 2728, Gill ; purifying the air which is conducted to the interior of the centrifugal 
machine by freeing it from dust (see p. 1935). 

1876, No. 2685, Duncan & Newlands : further modifications of the centrifugal, to dry the 
steam supplied to the revolving cage. 

1876, No. 2305, Schwartz : liquoring the dried sugar in the machine with water at 0° (32° F.). 

1877, No. 3749, the same : a process for “imparting abloom or complexion ” to the sugar, by 
treating white or crystallized sugar with syrup or suitable solution of some uncrystallizable sugar. 

Sugar Analysis. — The complete analysis of sugar, or of cane- or beet-juice, is in most cases 
a problem of considerable difficulty, because in all except the most pure white sugars, some organic 
matters are present, consisting of inverted sugar, colouring matters, waxy substances, and 
nitrogenous impurities, the accurate separation of which is all but impossible. For chemical 
purposes, it is customary, and one may almost say necessary, to put all these bodies together under 
a single heading as “organic matters not sugar.” By this means, the analysis of sugar is 
brought within the compass of ordinary commercial work, and can be executed in a reasonable 
time. 

It will be necessary to describe separately the analysis of cane-juice and beet-juice, but first the 
analysis of an ordinary raw cane-sugar or a refined sugar of moderate quality may be dealt with. 
The determinations usually made in such analyses are (1) cane-sugar, called crystallizable sugar, 
(2) uncrystallizable sugar, which includes invert sugar, (3) salts or ash, (4) moisture, (5) organic 
matters not sugar, generally reported as “ unknown organic matters,” (6) insoluble constituents, if 
any. Sufficient description will be given of what is included under the general term “ nncrystal- 
lizable sugar but it is desirable to point out that the “ salts ” may be both organic and inorganic. 
The latter are by far the more important to the sugar-refiner, and consist chiefly of potash and 
lime salts, and smaller proportions of salts of soda, magnesia, and iron. These are frequently 
combined in the form of sulphates, phosphates, chlorides, carbonates, and silicates ; but in raw 
beet-sugars, saecharates of lime and potash are very common. 

Some 20 organic acids have been reported to be found in combination with the bases in 
sugar ; but only an alphabetical list of them can here be given. They are, — acetic, aspartic, 
apoglucic, butyric, citric, formic, glucic, humic, lactic, malic, melassie, metapeptic, oxalic, pectic, 
succinic, tartaric, and ulmic. The organic matters in sugar contain certain alkaloids, especially 
betaine, peculiar to beet-sugar; certain nitrogenous matters, mainly albumen, legumine, and 
ferments ; and certain non-nitrogenons organic matters, such as pectose, peptin, mannite, starch, 
colouring material, caramel, cellulose, gum, fat, and wax. The insolublo matters consist almost 
entirely of accidental mechanical impurities, such as sand and clay, with small proportions of the 
fibrous matter derived from raw sugar. 

The process of analysis may now be described, with one preliminary remark. The difficulties 
which occur in the analysis of samples of sugar are due more to imperfect sampling than to 
error in analysis, owing to the fact that most low sugars contain such a very notable quantity of 
moisture that it is difficult to draw small samples such as may be used for the vaiious processes 
with sufficient accuracy to represent the bulk. When the sample is a dark-coloured low sugar of the 
Jaggery class, it may contain as much as 10 per cent, of its weight of lumps of pottery and 
stones, and in many cases 7-10 per cent, of moisture. Great care must be taken to ensure 
thorough admixture before weighing the samples on which the analysis has to be made ; it is also 
very essential to preserve the samples in well-closed bottles to prevent loss of moisture. 

Characters of Cane-sugar. — Cane-sugar or sucrose is the variety of sugar which is extracted from 
the sugar-cane, a plant which grows only in tropical and subtropical climates, and which at one 
time supplied nearly the whole of the sugar consumed in Europe. It is extensively cultivated 
(see pp. 1860-71), and the manufactured product, under the name of “ raw sugar,” forms the 
staple produce of many of our colonies. Until recently, both the cultivation and manufacture (see 
pp. 1871-1902) of this most important article have been much neglected, and even at the present 
day some of the largest sugar-producing countries are exporting sugar, which, from its appearance 
and characteristics, has evidently been sadly spoiled during preparation. Sucrose is also extracted 
from the juice of the beetroot; it is identical in chemical composition with sugar extracted from 
the cane, and a considerable quantity is produced for consumption in Europe. More care is taken 
in the manufacture of sucrose from beet than from cane. Sucrose is likewise contained in the 
juices of many oti er plants, notably the sorghum and the palms; its manufacture is, however 
virtually restricted to the sugar-cane, beetroot, sorghum and sugar-maple in America, and a small 
proportion from the wild date-palm in the East. Sncrose is found associated with invert su^ar in 
the juicerof many fruits : the following table by Payen shows the percentage proportions : ° 
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Cane- 

Total 


sugar. 

Sugar. 

Pineapple (Montserrat) ., .. 

11-33 

13-30 

Strawberry (Collina d’Ehrherdt) 

6-33 

11-31 

Apricot 

6-04 

8-78 

Apple, grey Reinette (fresh) 

5-28 

14-00 

,, „ (preserved) 

3-20 

15-83 

„ English 

2-19 

7-65 

„ Calville (preserved) 

0-43 

6-25 

Plum, Mirabelle 

5-24 

8-67 


Cane- Total 
sugar. Sugar. 

Plum, Eeine Claude 1*23 5-55 

Orange 4-22 8-58 

Lemon .. ,. 0'41 1-47 

Raspberry 2-01 7-23 

Peach 0-92 1-99 

Pear, St. Germaine (preserved) 0-36 7-84 

Pear 0-68 8-78 


Sucrose separates from a supersaturated solution in the form of monoclinic prisms, generally 
with hemihedral faces ; its sp. gr. is 1 • 606 ; it is very soluble in warm water, but insoluble in 
ether and absolute alcohol ; absolute alcohol when warm takes up a small proportion, which is 
again deposited on cooling. Heated to 160° (320° P.), it melts, and solidifies again on cooling, 
forming “ barley-sugar.” At higher temperatures than this, it suffers decomposition, losing water 
and becoming converted into a mixture of dextrose and Imvulosan; and at still higher tem- 
peratures, it is converted into caramel. Its concentrated solution can be kept exposed to the 
atmosphere for some considerable time without suffering any sensible amount of deterioration ; in 
weaker solutions, however, the sucrose is gradually transformed into invert sugar, more especially 
if the sugar be at all impure, in which case it is very prone to undergo fermentation. 

Long-continued heating converts it into invert sugar, this change being more rapidly brought 
about in the presence of an acid ; when treated with concentrated sulphuric acid, it is transformed 
^ (with evolution of sulphurous acid and other volatile products) into a black carbonaceous mass. 
With bases, it forms a class of salts known as sucrates ; the alkaline earths combine with it, and 
its optical power is reduced, not however proportionally to the quantity of the base, but to the 
concentration of the sugar solution. Its specific rotatory power, which does not vary with the 
temperature, is 73° ’8 for the transition tint. Various salts have the property of preventing 
sucrose from crystallizing. 

Sodium chloride forms with it a compound having the formula CijHj.O,,, NaC1.2H20. Con- 
centrated sugar solutions dissolve a large proportion of lime, forming thereby compounds 
containing one, two, or three equivalents of lime, which are readily decomposed by carbonic acid 
gas. The calqium sucrates formed by treating concentrated solutions of sucrose with calcium 
hydrate are four in number. As several methods have been proposed for manufacturing or 
refining sugar by the aid of these compounds, they may be shortly described. The monobasic 
sucrate (CjoHojOiiOaO), prepare ! by precipitating a saturated solution of sugar containing excess 
of lime with 85 per cent, alcohol, forms a white precipitate which, on drying, forms a brittle 
substance easily soluble in water. The bibasic sucrate (C,2Hj20,,2Ca0) has been obtained by 
Boivin et Loiseau by several methods ; it is easily prepared by precipitating with alcohol of 65 per 
cent, a saturated solution of sucrose with excess of lime, and boiling ; it is decomposed by water 
into the trihasic salt and sugar. Sesquibasic sucrate (2C,jH2„0,,3Ca0) is formed by boiling a 
solution of sugar with excess of lime ; the compound separates out, and may be obtained as a white 
friable mass by evaporation iu an atmosphere of carbonic acid. Tribasic sucrate (C,-H„.,On3CaO) 
is precipitated in flocks resembling albumen, when a sugar solution containing excess of lime is 
heated ; it is re.idily soluble in sugar water. 

The formation of the peculiar sucro-carbonate of lime, the “ sucrate of hydrocarbonate of 
lime ” of Boivin et Loiseau, has been fully describetl under Sugar-refining (see pp. 1030-3). The 
chemical composition, which, however, varies with the density of the solutions, temperature, and 
proportions of sugar and lime, is SCaOOj, C,»H-,0,,.3Ca02H„0. 

Sucrose is not directly fermentable, but first requires inverting. When its solution is mixed 
with yeast, it gradually becomes converted into invert sugar, and subsequently into alcohol and 
carbonic acid, — 

CgHijOg — 2C2H5O -I" 2CO2. 


Other compounds are also formed, as shown by Pasteur, 6. g. glycerol (glycerine) and succinic 
acid, amounting to nearly 5 per cent., so that the proportion of alcohol produced is only 51-51J 
percent, instead of 54 ’97. the theoretical quantity. The action of the yeast is not yioroughly 
understood. Mineral acids greatly retard fermentation, which is also prevented by carbolic and 
sulphurous acids. 

Deteniiimition of CrystalUzable Suynr . — This is now universally made by means of the polarizing 
saccharometor, some forms of which are more fully described hereafter. All these polariscopes are 
graduated, so as to require a solution of sugar of some definite strength. With those which are 
most frequently used, viz. the Penombre and the Duboscq, the graduation is made for a 16 '35 
per cent, solution of sugar. The process will be described on the supposition of this being the 
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required strength. Tables are given with the Tarions instruments, and instmctions Sts to the normal 
quantity of sugar to be taken. 

The special apparatus required consists of weights weighing 16-35 grm. (the normal qntmtity), 
others for 13- 175 grm. (the half-normal), and measured flasks having 2 marks on the neck, which 
is greatly elongated to allow of this. The lower mark represents 100 cc., and the upper 110 cc. In 
addition to these, it is useful to have one or two flasks containing 150 cc. to the lower mark and 
165 cc. to the upper. The balances should be capable of weighing this quantity within 0-01 grm. 

To prepare a liquid for polarization, proceed as follows. Take a counterpoised basin provided 
with a lip well adapted for pouring, and weigh 16-35 grm. of the sample to be polarized. After 
weighing, pour about 50 cc. of water, preferably slightly warmed, on to the sample. As soon as the 
greater part of the sugar is dissolved, decant the solution into a 100-cc. flask, carefully dissolve out 
the remainder of the sugar, avoiding the addition of more water than is necessary, so as to keep the 
total volume of the solution below 80 cc. In the case of pure loaf and crystal sugars, this solution 
will be suificiently clear and transparent to be capable of being polarized, and the solution may be 
at once made up to the frill volume of 100 cc. ; but the analysis of such samples is but rarely 
required, and in all other cases it is necessary to clarify the solution, in order to remove the colouring 
matter and render it sufBciently clear to be examined in the polariscope. This clarification is 
effected by the addition of an excess of a solution of basic acetate of lead, which causes an immediate 
precipitation of the colouring matters present in ordinary commercial sugars, and probably converts 
the glucose and invert sugar into salts of lead (glncate of lead), which have little or no action on 
polarized light. No precise rules can be given for the quantity of basic acetate of lead that is 
required; too large a proportion introduces error into the analysis, since it causes an increased 
volume of precipitate, and, according-to some authorities, slightly increases the rotation of the sugar 
solution. With light-coloured refined sugars and pieces, 2 per cent, is generally sufficient ; with 
darker muscovados, 3-5 per cent, is often required ; and in the case of very low-grade sugars and 
molasses, the proportions may sometimes be as much as 7 per cent. The only guide is that enough 
must be added to completely precipitate the whole of the colouring matter, and the filtered liquor 
must be sufficiently bright and clear to enable the readings on the polariscope to be taken with ease. 

After the addition of the basic acetate of lead, the flask is stoppered, thoroughly shaken and 
after standing until the froth has subsided, filled with cold water to the 100-cc. mark, and 
stoppered and shaken again sufficiently to mix the contents thoroughly. If the sugar is of low 
quality, it is generally better to add a small quantity of finely-powdered bone-black (say about 
i grm.), after which the liquid is again shaken. In dealing with sugars of medium colour, it is 
frequently a great improvement to remove the excess of acetate of lend by the use of sulphite 
of soda. The solution of this salt should be made of such a strength that vol. for vol. it is 
nearly or quite equivalent to the basic acetate of lead solution which is in use, and if say 5 cc. of 
basic acetate of lead solution have been used, 3 cc. of the sulphite of soda solution may be added 
after the flask has been shaken and before it has been filled up to the 100-cc. mark. This sulphite 
of soda effects the entire removal of the excess of lead, which is otherwise apt to become carbonated 
on exposure to the air, and so render the clarified solution turbid. Whichever method is arlopted, 
the solution must now be allowed to settle, and filtered. The filter should rest in a suitable 
cylindrical vessel, so that the drops falling in the funnel shall be exposed but little to the air. A 
funnel 2| in. diam. with a 4J-in. filter is the usual and convenient size. 

The filtered solution is carefully transferred to one of the tubes of the polariscope; the long 
tube of 200 mm. length is that which is almost universally used, although for rather dark liquids 
a shorter one (100 mm. in length) is sometimes convenient. When properly filled and capped, the 
tube is transferred to the polariscope, and the rotation is read. 

If the solution is too dark or coloured to polarize well, it is far better to weigh out a fresh 
quantity, and use an increased proportion of acetate of lead, rather than accept the indifferent or 
uncertam reading on the polariscope. 

Determination of the Uncrystallizabk Sugar. — ^This determination is less accurate than any other 
made in the ordinary course of sugar analysis, although with proper care the error should not 
amount to more than a fraction of a per cent, in ordinary cases, and 1 per cent, or thereabouts in 
the case of dark sugars and molasses. What is known as Fehling’s solution is almost always 
adopted, although certain modifications have been introduced, which there will be occasion to refer 
to. This ihethod depends upon the fact that an alkaline solution of sulphate of copper holding a salt 
of an organic acid (such as tartrate of potash), when added to a solution containing uncrys- 
tallizable sugar, and boiled, is decomposed, and a portion of copper present is precipitated in 
the form of cuprous oxide. The end of the reaction is ascertained, when the process is used as a 
volumetric one, by the disappearance of the blue colour of the solution of copper, or by the entire 
removal of the copper, as shown by testing a drop of the filtered liquid, previously acidified with 
acetic acid, with ferrocyanide of potassium. When the process is used as a gr.ivimetrie one the 
precipitatevis weighed as cupric oxide. ’ 
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The Fehling solution is prepared as follows : — 34 ‘64 gr. of dry crystallized copper sniphate are 
dissolved in not more than 200 cc. of distilled water ; in another vessel, 150 grm of neutral sodimii 
potassium tartrate (Rochelle salt), to which is added 10 gr. of caustic soda (stick), are dissolved in 
about 100 cc. of water. The two solutions are mixed in a litre flask, diluted with water, and made 
up to 1 litre at 1.5° (50° F.); 10 cc. of this solution is equivalent to O' 05 grm. of invert sugar, 
and to different proportions of the other sugars by which it is reduced. This solution wfll not 
keep long, and on this account it is especially desirable that it should not be exposed to tlie light or 
air ; but if the two solutions are kept separately, and mixed in the proper proportions shortly before 
use, they may be depended upon to remain unchanged for some months. Among the modifications 
which have been proposed is tbeuse of ammonia, to which a small proportion of chloride of ammonium 
is added, and the quantity of caustic soda considerably increased ; also that of Possoz, in which the 
quantity of sodium and potassium tartrate U greatly increased, and a large proportion of bicarbonate 
of soda is added; but it is doubtful whether either of these is any real improvement. In any case, 
it is especially desirable that pure crystallized sniphate of copper should be used, free from adhering 
moisture. It must not, however, be dried, except by pressing between sheets of filter-paper. 

What is called the normal solution of sugar for the purpose of the uncrystallizable sugar 
determination, consists of 5 grm. of sugar made up to 100 cc. of solution in water. This strength 
answers well for most samples of raw and low refined sugars, as it will then correspond to about 
O' 5-0 '2 per cent, of uncrystallizable sugar; but for sugars containing a large quantity of uncrys- 
tallizable sugar, the strength of the solution must he decreased, especially in the case of molasses; 
while for high-class crystallized sugars, it will sometimes be necessary to use a 20- or even 30-per 
cent, solution. 

The volumetric test is carried out as follows : — A proportion of the before-mentioned solution of 
sugar is measured into a porcelain basin of 4 in. diam., supported on a retort-stand over an Argand 
burner, and diluted with about 100 cc. of water, and heate<l to boiling for a minute or two. A portion 
of the copper solution judged to be nearly sufficient to precipitate the uncrystallized sugar present 
is added from a graduated burette, and the solution is again boiled for one or two minutes. The 
lamp is withdrawn, and the liquid is allowed to settle. If it has attained a distinct blue tint, the 
proportion of Fehling solution added is too great, and it is necess-iry either to add a further propor- 
tion of the sugar to be tested, or to commence a fresh experiment. If, however, the solution is not 
blue, a few drops are removed by a pipette and transferred to a very small filter, the filtrate being 
collected in a suitable vessel. One drop of this filtrate is transferred to a porcelain slab or testing- 
tile, acidified with acetic acid, and a drop of a dilute solution of ferrocyanide of potassium is added. 
If a red colour is produced, sufficient copper solution has been added ; if the colour is intense, 
or a precipitate forms, considerable excess has probably been used, and in that case the experimeut 
should be repeated. If, however, no brown coloration is produced, more copper is required, and 
the few drops of filtrate are returned to the basin in which the boiling is taking place, and a further 
measured addition of copper solution is made. The whole is then boiled again, being previously 
diluted with water, if necessary, so as to prevent too much concentration ; and the test with ferro- 
cyanide of potassium is repeated in exactly the tame way. These successive additions of copper are 
made and the tests are repeated until the drops of filtrate and ferrocyanide of potassium when 
mixed show a very faint coloration. 

The first analysis is now complete, but as soon as the burette has been read off, it is desirable to 
repeat the analysis, as follows. Take another 50 cc. of the sugar solution, and run in from the 
burette a measured quantity of copper solution, to within 1-2 cc. of the total quantity used in the 
last experiment. Dilute, boil, and teat the filtrate as before, and, if necessary, make successive 
adilitions of 1-2 cc. of copper solution, testing after each addition. The second test should be 
considered as the accurate one. 

The gravimetric method depends upon the separation of the precipitated cuprous oxide. The 
process is carried out as follows. 100 cc. of the sugar solution are measured, and mixed with 
25 cc. of the Fehling solution. The mixed solutions are heated on the water-bath for some 
minutes, and finally boiled. The solution must be examined to ensiure that the copper solution 
is in excess, as indicated by the blue colour of the liquid. If this is not the case, a further 
measured quantity of the copper solution must be added. The precipitate is allowed to subside, 
the clear liquor is decanted through a filter, the precipitate is washed by decantation with hot water, 
the washings being passed through the filter, and finally the precipitate itself is washed with 
hot water on to the filter. The precipitate must be dried, the precipitated cuprous oxide 
carefully detached, the filter ignited in a spiral of platinum wire, the ashes added to the bulk of 
the precipitate, and the whole thoroughly ignited in a platinum crucible at a strong red heat. 
The residue must be moistened with a few drops of nitric acid, dried, and again ignited, and the 
cupric oxide weighed: 220 '5 parts of cupric oxide correspond to 100 parts of anhydrous grape- 
sugar or dextrose. The washing of the filter free from alkali must be carefully attended to, as 
an error is very liable to be introduced fiom this cause, on a'-count of the obstinacy with which 



SUGAR 


1946 

the alkaline salts cling to the precipitated cuprous oxide, so that it is essential that the filter should 
be washed first by decantation, and then thoroughly with boiling water. 

Brief reference must be made to one or two other methods occasionally used for the determination 
of uncrystallizable sugar, although not so often applied to the ordinary raw or refined sugars of 
commerce. In Gentele’s method, when an alkaline solution of potassium ferricyanide is heated 
with invert sugar, it is reduced to ferrocyanide, and the yellow solution becomes decolorized. 
The standard solution is prepared by dissolving 109-2 grm. of potassium ferricyanide and 50 grm. of 
potassium hydrate in water and diluting to 1 litre ; 10 cc. of this solution equals 0 -010 grm. of invert 
sugar. 50 cc. of this standard solution are heated in a porcelain dish to a temperature of 75°-85° 
(167°-185° F.), the sugar solution being slowly added until the colour is discharged. The process 
is far more suitable for the brewing sugars commonly sold under the name of “ glucose ” than f<w 
ordinary raw sugars. 

Determination of Water . — This is effected in the same way as the moisture of most vegetable 
products, by weighing a known quantity into a counterpoised watch-glass or capsule, and drying at 
a temperature of 101°-102° (214°-216° F.). With raw sugars of good quality, and especially large- 
grain refined sugars, there is no difficulty in the process, provided the temperature to which the 
sugar itself is actually exposed exceeds the boiling-point of water by 1° or 2°. The drying can be 
completed in 2-3 hours if a small quantity (1-1 1 grm.) is taken. Some sugars, especially beet, absorb 
moisture so rapidly that it is essential that the cooling should take place under a desiccator, and 
that the drying should be repeated, and the dried sugar reweighed to see if any further loss takes 
place. 

With low-grade sugars, such as Jaggery, and especially with molasses, the difficulty of drying 
is very great. It is essential in this case to reweigh 2 or 3 times. Sometimes when dealing with 
molasses containing a large amount of uncrystallizable sugar, and especmlly with molasses con- 
taining notable quantities of glueate of lime, it is necessary to add sand or powdered glass. The 
best method is to take a known weight of thoroughly washed and dried sand, and transfer it to a 
tared capsule, adding a small quantity (1-2 grm.) of the molasses to be examined, weighing again, 
then stirring the whole together with a piece of platinum wire of known weight, so ns to produce 
an intimate admixture, and placing the capsule with all its contents, platinum wire included, in the 
air-bath. The temperature must be raised to at least 105° (221° F.), and the contents should be 
stirred with the platinum wire at intervals of J hour for some 3 hours, then moistened with alcohol, 
and redried. It will be necessary to weigh and redry once or twice, even after all these precau- 
tions ; but when the loss between successive weighings falls as low as 0-2-0-3 ix;r cent., it may be 
ignored, as the strong probability is that the decomposition of the sugar which is then taking place 
is producing a greater error than that which is caused by the comparatively small proportion of 
water which is not estimated. It is imperative to use a gas-regulator of some kind to regulate the 
heat of the air-bath. Borradaile’s or Feeble’s answer well for the purpose, or, if gas is not available 
for heating, a copper water-bath filled with the solution of chloride of calcium boiling at a tem- 
perature of 105° (221° F.) should be used instead. 

Determination of Ash. — In this country and in France, it is the universal practice to return the 
ash as follows. It is ignited, moistened with suli>huric acid, again ignited, and weighed, and of 
the total weight thus found deducted. The reasons for this are two-fold : (1) the addition of the 
sulphuric acid facilitates the combustion of the sugar, and prevents the charred mass from 
becoming hard ; (2) the bases present are all converted into sulphates, chlorine and carbonic acid 
being expelled, by which means the loss by volatilization and the error incurred by the expulsion 
of the carbonic acid gas at a red-heat are greatly diminished. 

The ash should always be determined in a tared platinum dish of small size (2-4 qrm. of the 
sugar sample are sufficient). The heat should be applied at first to one side of the platinum dish 
and the flame gradually brought under the centre, so as to raise the whole to a moderate red-heat. 
The completion of the ignition is far more advantageously performed in a muffle, because the 
direct radiated heat from the top of the muffle burns off any carbon which may have assumed a 
graphitic character. "When thoroughly ignited, the ash must be cooled under a desiccator and 
weighed ; the weight after deducting the tare of the dish is reduced by J-, and calculated to per 
cent, on the sample. If this ash is excessive in quantity, it is frequently necessary to determine 
the insoluble ash as distinct from the soluble. This occurs most frequently with low sugais of the 
yioilo and China class; in such cases, the insoluble impurities consist almost entirely of sand 
alumina, and other such mechanical matters, and are of no more importance to the refiner than 
is represented by the proportion which they form of the sample. The soluble ash, on the other 
hand, represents those salts which pass into solution, and which hinder the crystallization of the 
sugar. 

Sometimes it is necessary to determine the amount of alkaline salts, viz. carbonates of 
potassium and sodium present in the ash. This may be done accurately by executing a full 
mineral analysis of the sulphated ash, obtained as before described ; but for commercial purposes, it 
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is generally siJfficient to adopt the following much more rapid process. The sugar is ignited 
without the addition of sulphuric acid, and calcined to a fairly grey ash. The residue in the 
platinum basin is boiled in water, and filtered. A few drops of carbonate of ammonia are 
added, the solution is evaporated to dryness and gently ignited at a low red-heat, and the contents 
of the basin are washed out into a flask and titrated with normal acid, calculating the results of 
the titration to potassium carbonate. As beet-sugar ash contains some 50 per cent, of potassium 
carbonate and 15-20 per cent, of sodium carbonate, the error incurred by this process is very 
small. 

Unknown Organic Matter. — For ordinary commercial purposes, this is always determined by 
difference, i.e. by adding together crystallizable sugar, unciystallizable sugar, ash, and moisture, and 
deducting the product from 100. It is obvious that this method affords no check upon the figures 
which have been obtained from the other processes, but it is practically essential in dealing with 
samples the analysis of which is required promptly, to use methods which are capable of rapid 
execution. 

Results. — The results obtained by these analyses are always worked up in France, and 
practically in this conutry, to what is called the reniement. This figure is obtained in the case of 
beet-sugar by deducting the uncrystallizable sugar present, and 5 times the proportion of ash from 
the crystallizable sugar found. Thus supposing the crystallizable sugar was 90 per cent., the 
uncrystallizable sugar 1 per cent., and the ash 1 per cent., the rendernent would be worked up by 
saying 90 - 1 = 89 — (1 x 5) = 84, and this would be, according to the view thus taken of it, the 
actual rendernent or proportion of sugar which a refiner would be able to extract. 

In the case of cane-sugar, only 3 times the ash is deducted, as, from the much smaller quantity 
of alkaline salts which these sugars contain, only about 3 times the weight of ash is rendered 
uncrystallizable instead of 5. It is often the case that with ordinary commercial sugars, the 
rendernent thus obtained gives a very accurate estimate of the value of the sugar to the refiner, bnt 
there are certain cases in which the errors incurred are considerable. 

Special Processes. — Having dealt with the ordinary and recognised commercial modes of sugar 
analysis, reference will now be made to those methods which are used as subsidiary processes 
in some cases of commercial work, and in other cases only for the purpose of special tests in 
refineries or sugar-asines. 

Payen's process. — The alcohol process, which is often also called Payen’s process, consists 
in washing the sample on a filter with alcohol of 88 per cent, strength, which has already been 
saturated with cane-sugar, and slightly acidified with acetic acid. The washing alcohol beino' 
already saturated with pure cane-sugar, canuot dissolve any more of that substance; but it is 
capable of dissolving unciystallizable sugar and the salts occurring as impurities, while the acid 
which is present is sufficient in quantity to dissolve almost if not quite all the soluble matters 
not soluble in alcohol, and to decompose the sucrates. The test is carried out as follows. Three 
solutions are prepared, viz. (1) a mixture of absolute alcohol and ether, (2) 88 per cent, alcohol 
to which has beeu added 50 cc. of acetic acid per litre, and which has been saturated with pure 
crystallizable sugar (loaf-sugar answers perfectly well), (3) 95 per cent, alcohol also saturated in the 
same way with sugar. 

The sample to be tested is weighed and transferred to a small tube, similar to a chloride of 
calcium tube, but preferably longer. Solution No. 1 is then passed on to the sugar in quantity 
equal to about the bulk of the sugar itself, so as not only to remove the water, but to precipitate 
any cane-sugar which may be in combination or solution in the water. If the raw sugar is too 
moist, it is de_sirdble to dry it previously, so that it does not contain more than 4-5 per cent, of 
moisture. The chloride of calcium tube should be provided with a stopcock at the bottom, to allow 
the solvents to remain in contact with the sugar for a sufficieut time. 

After 10-15 minutes, the liquid may be run off by the stopcock at the bottom, and solution 
No. 2 added. The sample to be acted upon by this solution will be practically freed from water, 
and the diluted acetic acid solution will dissolve out any lime-salts which may be present, and so 
free the crystals of sugar from mineral impurities naturally existing in it. This solution is 
withdrawn in the same way as No. 1, and solution No. 3 is then poured on, a 2nd or 3rd portion 
of this solution being used if necessary until it ceases to take up anything more, and the sugar 
under treatment has reached its greatest whiteness of colour. After this, it is necessary to draw 
air through the tube containing the sugar, in order to remove the alcohol, and the residue of the 
sample is emptied from the tube into a tared capsule, dried and weighed, or if preferred, the 
crystals of sugar thus obtained may be dissolved iu water made up to a definite volume, and 
polarized. 

This process reads as a complicated one, and it is no doubt difficult of execution by those who 
are unused to it; but the opinion of some who have employed it is that the residue thus obtained 
(which is called crystallizable sugar) does really represent very closely the amount of crystallizable 
sugar which can be obtained by ordinary refining processes. The differences which oCcur in the 
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execntion of the analysis are mainly those dne to alteration of temperature and pos^le changes in 
the strength of the solntions of sugar. A rapid fall in temperature in the laboratory daring the 
process of washing will render the results incorrect, owing to the deposition of sngar on the surface 
of the crystals of the sample being washed. 

Fermentation Process. — It has been proposed, and to some extent practically carried ont, to 
determine the proportion of cane-sugar in the solution by means of the estimation of (1) the 
proportion of alcotol formed by fermentation, and (2) the amount of carbonic acid evolved daring 
fermentation. 

(1) A solution of cane-sugar when fermented yields 51-51 ‘2 parts by weight of alcohol. 
The process is carried out by placing a dilute solution of the sugar to be tested, mixed with 
a small proportion of yeast (4-5 per cent) in a flask, keeping it at a temperature of 22°-25‘’ 
(71J°-77° P.) until the fermentation has ceased, which will be in 3-4 days. The solution is after- 
wards distilled, and the amount of alcohol is determined in the distillate in the usual way. The 
calculation from the proportion of alcohol found to cane-sugar is of course easy, although not 
always accurate, because secondary fermentation attended with the formation of lactic acid and 
other bodies may take place. 

(2) The sugar solution is fermented in a similar way, but in a flask closed except through one 
outlet, by which the evolved gases are allowed to escape into a suitable absorption tube or tubes, 
the first of which is filled with chloride of calcium or sulphuric acid, so as to absorb the moisture, 
and the second with a weighed solution of caustic alkali, to absorb the carbonic acid. It will of 
course be necessary in this case to draw, by means of an aspirator or other suitable appliance, a 
considerable amount of air through the apparatus after the conclusion of the fermentation, in 
order to remove the last traces of carbonic acid. Uncrystallizable sngar will, according to this 
method of analysis, yield both alcohol and carbonic acid, and the carbonic acid is determined by 
the gain in weight of the caustic alkali due to absorption of carbonic acid. 

Fehling’ s method. — It is well known that acids have the property of converting cane-sugar into 
invert sugar in definite proportion. It is thus possible to heat a solution of cane-sugar with a 
proportion of acid, and after the inversion of the sugar, to determine the total proportion of 
invert sugar present by means of Fehling’s solution; but tliis method has proved very inaccnrate 
in practice. 

Inversion. — It not unfrequently happens that commercial samples of sngar contain substances 
which have an optical rotatory effect on the polariscope, and in tliis case it is necessary to employ 
the process of inversion. Cane-sugar is the only sugar which is capable of inversion by acids. 
Solutions of cane-sugar left in contact with air, especially when those solutions are diluted, do 
invert, and when acid is present they invert much more rapidly : the rate of inversion seems to be 
dependent partly on the time, partly on the strength, and partly on the amount of acid used, but 
for practical analytical work a definite process is carried out which results in the transformation of 
the whole of the cane-sugar into invert sugar in a very short time. 

This process is as follows. 50-100 cc. of the clarified sugar solution is diluted with its 
volume of concentrated hydrochloric acid, and after admixture, the acidified solution is gradually 
heated to 68° (154° F.), the heating being so arranged as to occupy about 15-20 minutes. By this 
time, the cane-sugar present is wholly converted into invert sugar, and the solution is capable of 
being polarized, so that two readings of the polariscope before and after inversion may be 
compared. 

If both readings are on either the right or left of the scale, the smaller is deducted from the 
greater, to give the angle of rotation sought; if, however, after inversion, the right-handed rota- 
tion is changed to left, so that the two readings are right and left of zero, their sums are taken, 
and the percentage of cane-sugar is found either by Clerget’s tables, or by the following rule : 

A 16-35 per cent, solution of pure sugar, reading 100° to the right, will, when inverted, read 
44° to the left, at 0° (32° F.) ; this action is expressed by 

T = 144 - J T. 

Therefore if S represents the sum or difference of rotations, T the temperature, and E the 
percentage of erystallizable sugar sought ; 

then 144 - i T ; 100 ;; S ; K. 

In this case, it is essential to note the temperature of the liquid when the second reading 
is taken, because invert sugar changes rapidly in its angle of polarization, according to its 
temperature. 

This is not the case with cane-sugar. 

The following are Clerget’s tables referred to : — 
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COCOQOi-i^t>OCqiOOOi-«T*«COOi(MOI>OCOC005C>HOt-OCOCOCOFHT*4t-OC^ 


C9 

i-tOaCO*r5CDt»C50fH(?^T*4»<5COI>aiOp-4COTjiKOCD«CiO(MCO''*HiOr-GOOSi-l<M 



rHf-ii-4f-Hi-lf-lr-t»-iC4D^<M(MCM(>I(M01COCOMCOCOCOCOCO'^^*4 



COCfiOOl— 't*4l>OCOsOOOi-*'^l>OOOCOCO»-^'^t-OCO»C500T-(^t-OCO»OQOi— »TJ4 



wC^C0iC5C0l>05O-^(M-^»«0<000diOi-(C0T#4ll0h-000^O0aC0-«*4C0t^-C300Si-HC<l 



f-tr-t^i-4i-^t-jf-HrH(M(M(MC^5<MO^(N<MCOCOCOCOCOCOCOCOT*4''*4 



C0C00501'*'t-OC0<0C5(M»i0CJ0i-«C0C00aC^»ft00rH^l>CiC<>0C0-H'»tf4l>0aC0C0 


O 

»-(C^C0«C0t>a5O»-4<N'^OCD00a5Oi-«C0'^ir5l>000SO(MC0’^C0h-00(35^0a 



•i-ii-l(M<MOI(MC^(M(MC^COCOCOCOCOfiOCOCOTt4'r*4 



COCOOS04»OOOr-(’t*4COOiOi»OQOi-»'^t-OCOCD(3i0^iOCOi-lT*4f-OCOV5GOi^^^- 


Oi 

rt01C0»OC0I><3a©»-H(M-<*4»C5C000(»O<MC0T#4tf5b-C00ipH0JMlf5C0t-00O-HCq 



-^f-if-iT-»i-lf-l!-»f-»e<01CQOJCQ©aiMOlC0CCC0C0C0C0C0^'^'T*4 

c 


C0©0504i0a0i-i-^*<t^OC0C00i(M»0Q0f-HTt4l>©C0C0©C^*OC0i-‘'^t-OC0©0> 

o 

00 

»-iD4fiO‘OCDI>050«-HCO'**4»f5COCOOi©C^COT#4tOb.COOii^OaCOliO©b-CaOi-i(M 



,-iw,-ii-i^»-4i-Hi-HM(MC^(MC^^C^(N(MCOCOCOCOCOfiOCOrJ4'^r*4 

9 


COOOiOl<OaO«-i'»#4b-OCOt-OCO©©<MOGOi-H'«*4|>OCOCD©(N‘CaCOi— J^OOiH 

g 


FHG<lC0*0CDt-©©*-<C0Tt4lOt^000>©«NC0^©b-«Oi^(NC040CDt— 050i-Hcb 

« 

O. 


i-HF-if-4p-lf-ii-ii-*i-iC^C^OIC«Dl(M<NCOCOCOCOCOCOCOCO^Ti4'^ 

ti 


CO©C5e^tf5©<N»OCOi-tr*4I>OCO<OOCOCOda(N*rtCOf-Hr*<t-i-t'*4|>OCO©©<M 

H 

CD 

FHC^C040COl>©©-HCO-*40t>QO©-HCQCO'^COb-COOT-l(M-^ir5COOOC3iOF^M 

,£3 


l-♦*Ml-^|-^f-lF-ll-^^-1(^^(^^01(^^(^^(^^(^^COCOCOCOCOCOCOCO^■^••!t1 

* 


co«o©co©ac^iiO®i-i*«oo«-iTj4t^ocot-©co©©(N©(ji(M»«coi-i^**4coT-f<i4 

* 

« 

i-(oicoif5©t*‘Cno-H«’^ic^oo©'-4(N«o©h-oooF-(eq-»44xb©ooo5©eQw 

(U 


,-(^F-fF-»F^i-HFNr-«(NC4lMOJWC^DacOCOCOCOCOCOCOCOT*H’4t‘^d4 

s 


COCOOCO©©01©0(MOCOC^*OOOpN>^4CO>^^t-©T*'t»OCO©©COCOCSC^© 



i-ie^'^u5©t^©©^co^«*4«^oo©»-ic^«»ft©j>©©»-i(w44»ioi^oc©©eo£« 

S 


•-ii-i^^-^^F^F-<e^0^iMO«(MC^OacOCOWCOCOCOCOCO^^^ 


§, 

co©oco©©co©©(M©©oio©c4«oooeaoQOFH>ccoF-i^x^’«*4r<.^;;t4 — 


f“i05l^»0©C>*©Oi-4C0^»C5l>C00>iMC^W»ft©t^0>©i«-4W-*4Ols.(i)c5i^^{^ 

§ 


FH^f-».-«i-i,-(*-.FHC<04<M(M(MOICNCOCOCOCOCOCOCOCO-^^^ 



€0©oco©oco©oco©oco©o>'co’©©co©©co©©D3i©©oa©Oic^©© 

£ 

C4 

i-»oiT*<io©oo©ocNcOTj4©t-oo©i-*^«>o©^©o--rtTHibi>ao<js»-(ca'o 

c 


rHi-tF-<.-^FiWi-ii-«C4lC<ID!| (N*04 C^(MCOCOCOCOCOCOCOCO'^*4-^.^ 

m 


COt>OCOf*-OCOt-OCOt^OCOt-0'^*4t^O'^!*4!>0'«*4t^O'^t-FH'^t-0'^t-0' 



i-HC<TH»0,©00©0<MCO'*4©t-000-HO»Tt4»f3©OD©©'M«'^©f-aOOr-*<M4H 



I-Hi-Hi— ff— *^f^C^IC^iy»C4C<|C<IC^C<ICOCOCOCOCOCOCC'^'^Tt4-»i4 



C0l>O'^t^O‘^C^»— •TtlOO'— •'•^«OOi-HiOOOr-4ir500(Mlf^ODlMir^a5C^iO©C<l 


O 

i-tC^'**4*0©00©0«NCO'^*4©l>000*-4<N'«*<0©dD©OiMCO'^cb^CX)Oi— ((M'.w 

5 


,-Hi— t^,-^WiH^C<IC^Cl<MC^<?4(NC4COCOCOCOCOC09a^^'^*H^ 



COt-0'^r-i-H'^Xi-*'^OOi--40QOC<«0©<N»rO©(M©©CO©OCOI>©COt^O'»*4 

n 

C5 

i“4Di’^iO©00©0'MCO-^*<cCt-OOOi-<<MTH»ro©oo©OiMeoir3a3f>.rft^wen.-M 

s 

9 

fH 

ii— ii— »i— »i— IC^OIC^CaOQC^C^ClCOCOOtCOCOCOCO'^^'^'^ 

£ 


COt-0'^t^i“4'^GOi-HOOOC^»Oa5<N©©COCO©COt-OT*4t>'-»'»*4aOi— *tC5o6(MO 

(a 

CO 

i-iC4|'^»0©X©0(MOO'«*4©l>000— •(M'^WOt^OO©!— *oacniftcior>«rtS(-i— 

Q 


i-Hi-(»-ii-ii-ti-HF-ioi<Mc^oq<MC<j(Meqcowcococococ6'^^^^44 



C0t-i-H'«*4Xi-Hi0X<Mtf5©«©C>«l>OTt4t-r-iTt4XCau005C<l©05CCC0O^|> 


l> 

r-*OlTHiOXX©0(MX-*4Xf-©O^XTt4UOr-CO©T-4(McOiftCDl^<-ft«r-^rsifiW^ 

§ 


--(-^-^rHF-t.-ti-»0104C4C^OI(MOIC<lXXXXWWXT*4'«^lTt4'.i4 

CO 


•^r-i-l-^X'MiO©(M©0«t»0-^Xi-»*OX<MX©«©OTt4t-i-tTt4X(Ntf3© 


CO 

i-»ca^*<5XXOTO04«tf0CCI>©O^X'i#4U0r-X©i-iC<l'**4iAXXfTs<^raffn-« 



1-ifHrH,— ii-li-HT-l(MC^<MC<lC<*C^IMC4WXXCOXXCO^Th^'«!f4 



'i!HI>i-H»OOOC<|iO©XCOO-«**t-i-^*OX<NXa5Xt^»0-^Xi-4»iOX01XdiXt>0 


UO 

^-lC4^’^»c^XX©0(^lX*^oxt••©01-^x^»r?^~oo©^Hc^44»ncbxi^(r*>f^ml,•^ 



•i-hiMC^C^C^OI04!MWXWXWWXCO^-^^'«** 



-*4t-i-*uOX(MXOXt-rH'^OOC^tf5©COl>0’«*4XFH>rt©<MXOTjHC^r-HiOX(M 



1-^(^a■^»<5XX©l-4C<I«»OX^•0501-^X•44X^>•XO-^<^^THlft^-QoAa-^^Mmlr^ 



i-Hi— ii— ID^(MC«0<I04C<JC<1XWWWXWXCO'^^'^^ 



Tf4|>,-*«5©(MXO'^r--^nO©<MXOT*4t>i-i»f5©iMXOT*4t-p-ilOo:(?q©0-^ — 


CO 

i-l(N<^*nO©00©i-»<NWiOXt»OiO<MCTT*4Xr-OOOi-tX-<#4iOI^OOrTaFH(^-^»i-i 



F-lpHi— Ir^FHi— ii-i<N©4Oi©>lC^{M(MC0WXOTXX«cbT*4^^^ 



■^Xi-t»C5©WC>'OThX<MX©Xf-»-4iOOO<NXO'^t^i-HiO©XXO’^*HX(MO 


(M 

f-fOi'»*4ir5xx©i-*o?M*foxr-©ooa«'^5*4Xt^©0'-i«’^»ior-x<r>E-jrM-^..-s 


rH 

rtWi-Hr-4r-*i-Hi-«C4C4<N(MO<eq©4XXMCOXWW^<9<-«*4'«*4^^ 



•«*4Xi-**o©xi>'-*tf5xc^xo-^^xcQ4005COt-FH»oxc^x©rhxea*r2©cot- 



rHOiT*4»axx©i-4(MX«xx©oo4X-^xr-©o«-^M'^xr^xe)FHfM>*«»i-s 



r-tT-Hi-),-Hi-4i-Hr-*C^(M©^OI«MC<10qW«WXXCOX'-t'TH-^*4'^^ 



•?t4X(NX©xi>'-4uo©«t-'i-iicxo»xo-^xcNX©-^i>FS«©cot^»-Htr5ai 


O 

i-HO^-^i«XX©i-'C<J«»0©X©0<MX*nXt-'©©C<IX'^Xl^rr»/-s_^Fn.,*<i%> 


1—4 

r-*P-|rtr-4i-tr-l»-4«<NOl©^«OI©<««XC0««« ^5?^ T*! ^ 
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SUGAB. 


f 

V 

0^ 


.o^05^<»ooooeot^e«r^*-^cOFHc^Otf50^cf5'^'35«ooocot^«Nt^*»;oFHcoo 

gO<OiM03«5!MOO»Oi~«C30F*»pi<t>.rt*Ot-»COOOCMC50(MOO«F-*00-#<rHt^^Ot' 

S,CO l>050C^F*)»oi>030e^^Ot-05001‘^‘Ot»OOOiMCOMit««OCO<MCO»COt^OO 
*»0 Wi»fiCCC0C0C0S0C0l>t'»l>t-t-*l>00Q0Q0XC000C50503050305OOOOOO 

^ I—* 

!&?■< 

THWiC0t«-XC5OrH'MC0'^«iC0r~X05OF-0JC0-**O*J3t^X<33O-^01«-^fc0t5 

cocococococO'Tj<'^tt4^'^'^'^^.ii«'^iiric5*(Oiotoir5«oi^5»o*ococi;sO?oc5:5C5 

Sums and Differences of the Deviations, Direct and Inverse, taken at the Temperatures (Cent.) 

o 

o 

CO 

OC0i0X>-iC0«005i-»^l>050<-s*‘t>*OM»0XOC0:0X»-»^C005!M'^t-OC<l*<0 

C0’<ti»i0XX05Or-lC0'^irtOXC3OC<IC0'^i0b-X03O<MC0-^Ot-X05— 

•^■s^F*i>itiF#4.^ioiOiO»o«i»iO»oic5cc>«o:5cocotocoot^t-t^i>r»r*-t^r**xxx 

o 

CO 

(M’^i>ocotfiXrHCOcoa5»-»Tfit-o<M*oxoy3:ox'-i-*ir^05<Muoc-*ocotox 

C0'F#<i0t^X05OCNC0'F#<»rtlr-X05*-*(NC0’^C0t^X05i-H-MC0'^Ol~-XO— *O^CO 
■Ft*Tj4T#<Tti'-!#4*f,o»ii»fliri«o*f5«i*ococoocoxc5Xcor*i>i>i>i>t^ir-xxxx 

o 

CO 

CO 

XW05C<l'^t>OCOOX^TT«CD05<MOt»OCO*.OXf-^'^r-«iM*r5XOXXC5F-« 

co*^»ot^xo5^cMX’»t<c5h-xc5i-s(Mn«oxr^xo*^5^xi.o:i>r-o;o*M3<i>Ft< 

■^TH.,ji-*i-«ti-^i0Otri»«i0ouii0Oxx^0t0'.0:0D-i>t>ir-i>-e*-r>t^xxxx 

o 

CO 

i0X»-lT^t^05C^iAXO«X05<M'^l'“OC0^X^-f't^O(M»r5X— *-#CX05 5C|»r5 

X-^OI>X05FHCq?Oir5«Or-XO-H'M’>t<OOr^050-^X'^40XX050-*CO'-#< 

•^*^'FtC'^*«*<Fj<uiiO«iuooiO«o:ox:oocococoiot^t*t^r'r-r-t^i>xxxx 

o 

rH 

CO 

l>OCOiOXi-H'*tit.-OOIiOX«-»'T'I^OS^tOXr-tTj<t^OM*£5X'— •**<ts.C50^iOX 

COuOXl>X01-♦C^•»l^^^^OX^•C50wCO'Ft«»lOXX050'M^5-^^Or>.XO^C^JCO•^« 

TtH-»*<Tt4'«t^rfiouiio«i*oo»oooxsOioxxxior-r'b-i>i'-i'«'t>i>xxxx 

o 

o 

CT 

05r-CTfCC>.OXC5iC3(M»OXO«XC5'>JKiXi— lFjit>.r52qi.OX— •-r't^-OXXXi-^ 
COir3Xt^050i-H(M«!H»iOOXC50'^X'^iOr^XC50'MX-*'Xr^XO'-^O^XO 
F!H.^^.i^<-^ir3ir5i^5ioo»o*o»ooox«ox^jiXXC't^t-t^t-r*»i>xxxxx 

Ci 

OC0X0501»CiX»— i'^t^OXC0C5C^-'SiC^OC0;505>j*i0XF-*-t*t^O?0C005>Jt0 

^»ftC0t-“35Of— <X^»)0r^X05O'MX'*?<;0t>XC5*-^C^IX40XI>05O-^'M-^<ii0 
rH’«tc^-^'stc»0i0WiU0*0«0Ui»0:DC0C0OC0t5O5?t«t^t«-l>-t^t^t'*XXXXX 

o 

CO 

C<Jli5XF-f’sttt^OXX05'M*0Xi— •-f<l>OCCX05!MOXF-^Ftii-»OXC005!M*r5X 
•«#HOOXo:o(MX-f^»0!^xr5— t(M^i0^^xor-*^-t*i.^:::x05o-^«-^i0 I 

o 

S 

^t^OX005C^uOX»-i'Frit^OC0003-Ms«Or5'M«OXf-''*t*t^ o7o~X;‘05”5j'LO X Vi 1 
•s!t<iior-xo50c<ix-^cot^xo^-MXuiOr-c:o^x-+'ioi^xo50 5^jcO'^i 
^F*i.,t<.^T}-i.OiOt.OiCUOO*OXCO:^OC^:i>i5l'-t>.t^t^r^t>-t^t^XXXOOX 


ir5XC^OXrH'^t>*OfOX05COXC5CMlOXi-»Ft*t>0-t<t^OXC5C5CMiC5Xi-HO 
■^uot^xos*— 'fl^COt<OCOI>XO»— l(M'^tO*OX050MM'-^-?or*»X-*- — 

Si 

^ © X -Tj.. O « io o; X to 05 2^ LO X M to X ■ 

^XI>XO'-H(MW*OCDr»050i— *M'^Ui|>XC5-H'MX^X^X(Si^'M^irt'^ 

'V^'»*^^«?iotototf3i.oiO*oxc;iC5.c£>'jb5*:5i>^b:i>tCtCii:«5o3exx» 

%* 

w!M<OX(MiOXi^'^X»^'^^O^t-OX;0'OXX050^?OC5'M»OXC^iOXF— ' 
•^«Ot>’XO^iM-t'iO<5X050(Mx4«^l>XO--^XlA'ii^'0'^l4<^.l«»ftt^ 

■^Trt^^UiUiiOtiiOiOiOtOCDC5?i?XCOCOC^t^t^t^t^t^I^*^^XXXXXX 

o 

CO 

IM 

O'^^OX^OXXO00X03C0C'03M:0C504t0C503i-0 XMiiiX-HO x'-- ^ 
tOCOt^050i-^CO-t-tOr»X<550C‘lx4'i^OCO'^iM4‘JrOX'^»-il.^J*<*%A. 

'<#-^^^oiOtf:ioioto»ooccotoc5coxxt^t^?.?.r^SSSxxxxxoo 

■ 0 
(N 

CM 

«irtm<NI005^1.'5«'N«!»^0<K«0<»CMOCC.^C?jc-'miC,jO(JCl-<'.*<00 

.^.^^^U0iOi0i0u0*rt»OOO<0«tS«0^§^J>Sh-l>S*?^XXXXX® 

0 

CM 

t0OXC3O<MX'!HXl>XO'-'<M4<S5OX^ C>'M'0'^il^X'^.LrviJ!ui*- •'-rU 

’^’^^•^io‘Oioioio«iiotoc5tooocD:oo^t^St-t^t^Sxxxxxxx 

O 

o 

CM 

x<^<M?poxxoxcpox^oxt^ocot^OT}^i>o-t^t^F-i--}H 'fi“s~;;frQ6^ni — 
iCXX050cMX-»f'^t'C50— 'X-H»OI^XOFli(C<l'«inrsr^mAJj.C-,Ju.X,.LF^ 

O 

05 

fH 

^-^*^xr-i.^x-:H*ftQO<^o^<M^o^:oci« x’o zo t^o — 

^TH'#*^iOiOOtCiOOO^^O<:OOOOOXI>t-?^SSt2?:XXXXXXX 

O 

00 

X^O^CQOOXj><p'^^i^^X'-H«5XC^ir50;ciC005X «~O~C0 6^*0 

TXrt.-#x*.ioin«o<o*rao«)««5=-j3toot'i>?i?:P^Si~5oQooow»cow 

o 

fH 

,^.^X^iOX(M*OOX^OX^O-:H^-.0 X ^ W ^O^cTx^ O '“ 

.^.«T^’^iOiO«3iOif:U3tOir5XX>CDCO-:OXO|>t^t2^Pf;gg^^^5g^Ogg 

§3 

rH 

« O QO-.ir3QO(MOCDcr3®o-(<r- Tj incTcqTo'o^t^^o'^S’oo 

rt^^^iOOiOOU20iO«5XOCDCDCOCO^b|>?:g:?:SJ::^g53g^g5jOOg 

Si 

•^Xi--(lOX(MXOXW.^^<X.^l09CMOOXt-rM^X3<l 1Q'C3 X CO 0~^'b* p^~ 

Xt-XOi-<XT#<xf*XOi-^<M-+4»OOX05*lHcqoii«FV|I^A.,A'****'' 

,j.,HTf<w«>o««5io«»w»<o®ott>c3t-?;i>:St^t:®§S$SS£a8g 


^OT«^M-^00IN*p®OTmo-*y,^i005l^ipomi>rt 

Tj^Tt<^iOiO»OiOOO«iCDXXXX<»^XI>I>?:^^gp!gg«^gtjgg 

o 

CO 

rH 

OS (M .O O tF t-“ 

OX050C^XiOXt>.XOr-«CO-«#CXt-XO*^(M’^wr^c»(~iJLAiFU.*.'-.«U ’ ^ 
F^FtiTt<if3ir5i0010*OiOXXCOXCOOCOI>l>^^^[^tSSxgggggggg§ 

O 

(M 

cc STFT^^ oo ej to m eoT^ — 

COXXFHCNX«iXX030C<IXFt<x^050-^.X'^lftA.(:«t^*Xi^,L** * * 

rHTH'^^tOiOiOiO«3 0»OOXXOCO-0-Ot-I>|>^^E:SxQOXXXXXxS 

O 

rtlCOT(NmO-J.M^«®M^rt«3!p(Ncpo-*Q00)-oo -. O m' (M -j o ^ 

•.HTH’«*^*«*O*O*«iOiO»OXXXC0XXXt>l>S^St^?^X00XXXXX§O5 

o 

o 

OTOo-y y (^yo-y y^iOCT w^.^.oaM^^-yorS^loo'^^W^ooeor' — 
Ft<-^^iOiO»0»OOiOiOiOXXXXXXXl>l>S^St^?:xXGOXXXX®o5 
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SUGAR ANALYSIS. 


^ gC0O®(M03*O(N00»ir5i-Ha0TtHi-Ht>'-HOt-C0O':0<M05O<M00«3«-*00TtlF^t^Tt«Ol> 

2o(^a?ir5tDcooi-*wirs?oooOf^co»ocoobot^cOTHOc>oo5»H(w4HOooa5.^«4s 

hc-'i— li— 'I-H-Hi— i(MC<l(M(M3<l<MCOCOCOCOCOCO’^-i#-'**HTH-^'^THiOir5»i:5iftir30COi:OCO 




4'?*<':OCiC<J'^t-OC^ur300i-HCC':OC5»-l-^t^Oi3<IOCOOCO:3»r-J'^C^C5C<Ji:^t>0 


O {M O 00 » 


:0?OOiC<lTtir-0(MtSQCf-*THC5C5CN*Or>Or2000'— t-^I>C5(MO 


oooec<i2r; c^T^^^-‘Oco^^oOl-^Tt^I>01M^r5oC'-♦T^^^^a:(^aoxo^ocoa5C^^T*^^•o 

i.'Or-XC:0<MCC'^«Dt^XOi«-*<MCiO*^OCOI>»XOi— ((MM»«:D^C5O’-^^rHOOQ0 
XXXXOSCiOSCSCSCiSSCiOOOOOOOr- II— <1-^1-Hi— 

1“^ ^ ^ r— I I— I y-^ 1-^ i-H 1-H i-H T-H 1-^ — * — H ^ »— i 1— I 1-^ »-H 

*-H^|>5504ir2Xj— t-ffl>C52v|i-'^Xi— tTtiOC5CM»OXi-HTTt;;>C5C^iri X p-( C<l O 


■^C^OCOX^O?*r5C^OCOOOG<i;DCiCQ«^l>OCOCj!Ci(MOXf 


( CO O (M O X O 


COt^OO»-l(M-+*tr5XXOiOi-«X'^Ob-Xa5i-^C^X^COt>XOi-<-MX»iOCOl>*C5 
XXXCSC5C505C5C5CiCiOOOOOOOOi— I“^T— ir-(i— 

I— li^i— rH ^ 

Xi-HXXOic^oxi^Tfit^oxcDCsc^oxi-H^t^ooaoxi-^Ntic- o x co"^ oa lo 
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SUGAB. 


Ccme- and Beet-Jtdee . — In the ordinary average work of the factory, the percentage of sugar 
present in the jniee being treated is determined mainly by means of the saccharometer, according 
to the following tables : — 


Table showing the Belation of Percentages, Specific Gbavities, and Degbees Baum^ 

IN Cane-Sugar Solutions. 


Percent 

of 

Sugar . 

Specific 

Gravity . 

Degree 

Baume . 

Percent 
j of 

1 Sugar . 

1 Specific 
j Gravity . 

j Degree 

1 Baame . 

i 

Per cent 
i of 
Sugar . 

; Specific 
j Grarity . 

1 Degree 

Baume . 

Percent 

of 

Sngar . 

Specific 

Gravity . 

Degr *» 

Baume . 

00 

1-0000 

0-0 

6-2 

1-0245 

3-4 

12-4 

I 1*0502 

6-9 

18-6 

1-0770 

i 10-3 

■1 

1-0003 

0-06 

•3 

1-0249 

3-5 

•5 

! 1-0506 

6-9 

-7 

1-0775 

i 10-35 

-2 

1-0007 

0-11 

-4 

1 - 0-253 

3-6 

-6 

; 1-0510 

7-0 

•8 

1-0779 

1 10-4 

•3 

1 0011 

0-17 

-5 

1-0257 

3-6 

! -7 

! 1-0514 

7-05 

•9 

1-0783 

■ 10-5 

•4 

1-0015 

0-22 

•6 

1-0261 

3-7 

-8 

j 1-0519 

7-1 

: 19-0 

1-0788 

; 10-5 

-5 

1-0019 

0-28 

-7 

1-0265 

3-7 

•9 

1-0523 

7-2 

i -1 

1-0792 

; 10-6 

•6 

1-0023 

0-33 

-8 

1-0269 

3-8 

13-0 

1 -0527 

7-2 

! -2 

1-0797 

10-6 

-7 

1-0027 

0-39 

-9 

1-0273 

3-8 

1 -1 

1-0531 

7-3 

; -3 

1-0801 

10-7 

•8 

1-0031 

0-44 

7-0 

1-0277 

3-9 

; -2 

1 -0536 

7-3 

•4 

1-0806 

10-7 

■9 

1-0034 

0-5 

-1 

1 - 0-281 

3-9 

i -3 

1-0540 

7-4 

-5 

1-0810 

10-8 

1-0 

1-0038 

0-55 

-2 

1-0286 

4-0 

i -4 

1 - 0.544 

7-4 

•6 

1-0815 

10-85 

•1 

1-0042 

0-6 

•3 

1-0290 

4-1 

1 ‘5 

1-0548 

7-5 

-7 

1-0819 

10-9 

•2 

1-0046 

0-7 

-4 

1-0294 

4-1 

i -6 

1-0553 

7 5 

•8 

1-0824 

11-0 

■3 

1-0050 

0-7 

-5 

1 - 0-298 

4-2 

1 ‘7 

1-0557 

7-6 

•9 

1-0828 

11-0 

•4 

1-0054 

0-8 

-6 

1-0302 

4-2 

1 '8 

1-0561 

7-65 

20-0 

1-0832 

11-1 

•5 

1-0058 

0-8 

-7 

1-0306 

4-3 

! -9 

1-0566 

7-7 

-1 

1-0837 

111 

•6 

1-0062 

0-9 

-8 

1-0310 

4-3 

14-0 

1-0570 

7-8 

•2 

1-0841 

11-2 

•7 

1-0066 

0-9 

-9 

1-0314 

4-4 

■1 

1-0574 

7-8 

•3 

1-0846 

11-2 

•8 

1-0070 

1-0 

8-0 

1-0318 

4-4 

-2 

1-0578 

7-9 

-4 

1-0850 

11-3 

•9 

1-0074 

1-05 

•1 

1-0322 

4-5 

•3 

1-0583 

7-9 

-5 

1-0855 

11-3 

2-0 

1-0077 

1-1 

-2 

1-0327 

4-55 

-4 

1-0587 

8-0 

-6 

1-0859 

11-4 

•1 

1-0081 

1-2 

-3 

1-0331 

4-0 

•5 

1 - 0.591 

8-0 

■7 

10S64 

11-45 

•2 

1-0085 

1-2 

•4 

1-0335 

4-7 

•6 

1-0596 

8-1 ■ 

•8 

1-0868 

11-5 

•3 

1-0089 

1-3 

•5 

1-0339 

4-7 

7 

1-0600 

8-15 

•9 

1-0873 

11-6 

•4 

1-0093 

1-3 

"6 

1-0343 

4-8 

•8 

1-0604 

8-2 

21-0 

1-0877 

11-6 

•5 

1-0097 

1-4 

-7 

1-0347 

4-8 

•9 

1-0609 

8-3 

•1 

1-0882 

11-7 

•6 

1-0101 

1-4 

-8 

1-0351 

4-9 

15-0 

1-0613 

8-3 

•2 

1-0886 

11-7 

•7 

1-0105 

1-5 

-9 

1-0355 

4-9 

•1 

1-0617 

8-4 

•3 

1-0891 

11-8 

•8 

1-0109 

1-55 

9-0 

1-0359 

5-0 

-2 

1 -0621 

8-4 

•4 

1-0895 

11-8 

•9 

1-0113 

1-6 

•1 

1-0364 

5 - 05 , 

-3 

1-0626 

8-5 

-5 

1-0900 

11-9 

3-0 

1-0117 

1-7 

-2 

1-0368 

5-1 ' 

-4 

1-0630 

8-5 1 

•6 

1-0904 

11-95 

•1 

1-0121 

1-7 

-3 

1-0372 

5-2 

•5 

1-0634 

8-0 ' 

•7 

1-0909 

12-0 

•2 

1-0125 

1-8 

-4 

1-0376 

5-2 ; 

•6 

1-0639 

8-65 

•8 

1-0914 

12-05 

*3 

1-0129 

1-8 

-5 

1-0380 

5-3 ; 

•7 

1-0643 

8-7 1 

-9 

1-0918 

12-1 

•4 

1-0133 

1-9 

-6 

1-0384 

5 '3 

-8 

1-0647 

8-8 j 

22-0 

1-0923 

12 2 

•5 

1-0137 

1-9 

-7 

1-0388 

5-4 ' 

-9 

1-0652 

8-8 1 

-1 

1-0927 

12-2 

•6 

1-0141 

2-0 

-8 

1-0393 

5-4 ! 

16-0 

1-0656 

8-9 1 

-2 

1-0932 

12-3 

•7 

1-0145 

2-0 

-9 

1-0397 

5-5 1 

•1 

1-0660 

8-9 j 

•3 

1-0936 

12-3 

•8 

1-0149 

2-1 

10-0 

1-0401 

5-55 

-2 

1-0665 

9-0 , 

-4 

1-0941 

12-4 

•9 

1 - 01.53 

2-2 

-1 

1-0405 

5-6 1 

-3 

1-0669 

9-0 1 

-5 

1-0915 

12-4 

40 

1-0157 

2-2 

-2 

1-0409 

5-7 ! 

-4 

1-0674 

9-1 i 

-6 

1-0950 

12-5 

•1 

1-0161 

2-3 

-3 

1-0413 

5-7 . 

-5 

1-0678 

9-1 1 

•7 

1-0954 

12-55 

•2 

1-0165 

2-3 

-4 

1-0418 

5-8 ' 

-6 

1-0682 

9-2 ! 

-8 

1-0959 

12-6 

*3 

1-0169 

2-4 

-5 

1 - 042-2 

5-8 : 

-7 

1 -0687 

9 - 25 ! 

-9 

1-0964 

12-7 

•4 

1-0173 

2-4 

-6 

1-0426 

5-9 ! 

-8 

1-0691 

9-3 

23-0 

1-0968 

12-7 

•5 

1-0177 

2-5 

-7 

1-0430 

5-9 i 

-9 

1-0695 

9-4 

-1 

1-0973 

12-8 

•6 

1-0181 

2-6 

-8 

1-6434 

6-0 1 

17-0 

1 - 070(5 

9-4 

-2 

1-0977 

12-8 

•7 

1-0185 

2-6 

-9 

1-0439 

6-05 

-1 

1-0704 

9-5 

-3 

1-0982 

12-9 

•8 

1-0189 

2-7 

11-0 

1-0443 

6-1 ; 

•2 

1-0709 

9-5 

-4 

1-0986 

12-9 

•9 

1-0193 

2-7 

-1 

1-0447 

6-2 1 

•3 

1-0713 

. 9-6 i 

•5 

1-0991 

13-0 

S'O 

1-0197 

2-8 

-2 

1-0451 

6-2 i 

-4 

1-0717 

9-6 j 

•6 

1-0996 

13-0 

•1 

1-0201 

2-8 

-3 

1-0455 

6-3 1 

•5 

1-0722 

9-7 

•7 

1-1000 

13-1 

•2 

1-0205 

2-9 

-4 

1-0459 

6-3 i 

•6 

1-0726 

9-75 

-8 

1-1005 

13-15 

•3 

1-0209 

2-9 

-5 

1-0464 

6-4 , 

-7 

1-0730 

9-8 i 

•9 

1-1009 

13-2 

•4 

1-0213 

3-0 

•6 

1 0468 

6-4 i 

•8 

1-0735 

9-9 

24-0 

1-1014 

13-3 

•5 

1-0217 

3-0 

-7 

1-0472 

6-5 

•9 

1-0739 

9-9 ! 

-1 

1-1019 

13-3 

•6 j 

1-0221 

3-1 

-8 

1-0476 

6-55 

18-0 

1-0744 

10-0 i 

-2 

1 - 1023 

13-4 

•7 

1-0225 

3-2 

-9 

1-0481 

6-6 

•1 

1-0748 

10-0 ; 

-3 

1-1028 

13-4 

■8 

1-0229 

3-2 

12-0 

1-0485 

6-7 

-2 

1-0753 

10-1 1 

-4 

1 - 1032 

13-5 

■9 1 

1-0233 

3-3 , 

-1 

1-0489 

6-7 

•3 

1-0757 

10-1 : 

-5 

1 - 1037 

13*5 

6-0 i 

1-0237 

3-3 

-2 

1-0493 

6-8 

■4 i 

1-0761 

10-2 

-6 

1-1042 

13-6 

•1 ' 

1-0241 1 

3-4 

i' 

-3 

1-0497 

6-8 j 

•5 j 

1-0766 

10-2 

1 

-7 

1-1016 

13-6 
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Per cent , 
of 

Sugar . 

Specific 

Gravity , 

Degree ' 
Baume . ' 

Per cent , 
of 

Sugar . 

Specific 

Gravity . 

Degree 

Baume . 

Percent . 

of 

Sugar . 

Specific 

Gravity . 

Degree 

Baume . 

Percent . 

of 

Sugar . 

Specific 
Gravity , j 

Degree 

Baum ^. 

24-8 

1-1051 

13-7 ' 

31-6 

1-1374 

17-4 

38-4 

1-1712 

21-05 

45-2 

1-2067 

24-7 

( 

1-1056 

13-75 

-7 

1 1378 

17-4 

-5 

1-1717 

21-1 

-3 

1-2072 

24-7 

25-0 i 

1-1060 

13-8 ; 

-8 

1-1383 

17-5 

-6 

1 - 17-22 

21-15 

•4 

1-2077 

24-8 

■1 i 

1-1065 

13-9 ; 

-9 

1-1388 

17-55 

-7 

1-1727 

21-2 

•5 

1-2083 

24-8 

■2 1 

1-1070 

13-9 ‘ 

32-0 

1-1393 

17-6 

•8 

1-1732 

21-3 

-6 

1-2088 

24-9 

*3 

1-1074 

14-0 ! 

-1 

1-1398 

17-7 

•9 

1-1737 

21-3 

■7 

1-2093 

24-9 

•4 

1-1079 

14-0 

-2 

1-1403 

17-7 

39-0 

1-1743 

21-4 

-8 

1-2099 

25-0 

•5 

1 - 1083 

14-1 

•3 

1-1408 

17-8 

•1 

1-1748 

21-4 

-9 

1-2104 

25-0 

•6 

1-1088 

14-1 

-4 

1-1412 

17-8 

-2 

1-1753 

21-5 

46-0 

1-2110 

25-1 

•7 

1-1093 

14-2 

-5 

1-1417 

17-9 

•3 

1-1758 

21-5 

•1 

1-2115 1 

25-1 

•8 

1-1097 

14-2 

-6 

1-1422 

17-9 

•4 

1-1763 

21-6 

■2 

1-2120 ! 

25-2 

•9 ! 

1-1102 

14-3 

-7 

1-1427 

18-0 

•5 

1-1768 

21-6 

-3 

1-2126 

25-2 

26-0 

1-1107 

14-35 

-8 

1-1432 

18-0 

-6 

1-1773 

21-7 

-4 

1-2131 

25-3 

■1 

1-1111 

14-4 

•9 

1-1437 

18-1 

-7 

1-1778 

21-7 

•5 

1-2136 i 

25-35 

•2 

1-1116 

14-5 

33-0 

1-1442 

18-15 

-8 

1-1784 

21-8 

-6 

1-2142 ■ 

25-4 

•3 

1-1121 

14-5 

-1 

1-1447 

18-2 

-9 

1-1789 

21-85 

-7 

1-2147 i 

25-45 

-4 

1-1125 

14-6 

-2 

1-1452 

18-25 

40-0 

1-1794 

21 9 

•8 

1-2153 

25-5 

•5 

1-1130 

14-6 

-3 

1-1457 

18-3 

-1 

1-1799 

22-0 

-9 

1-2158 ! 

25-6 

•6 

1-1135 

14-7 

-4 

1-1462 

18-4 

-2 

1-1804 

2 - 2-0 

47-0 

1-2163 i 

25-6 

•7 

1-1140 

14-7 

-5 

1-1466 

18-4 

-3 

1-1809 

22-1 

-1 

1-2169 1 

25-7 

•8 

1-1144 

14-8 

-6 

1-1471 

18-5 

-4 

1-1815 

22-1 

-2 

1-2174 

25-7 

-9 

1-1149 

14-8 

-7 

1-1476 

18-5 

-5 

1-1820 

22-2 

-3 

1-2180 i 

25-8 

27-0 

1 - 11.54 

14-9 

-8 

1-1481 

18-6 

•6 

1-1825 

22-2 

-4 

1-2185 

25-8 

•1 

1-1158 

14-9 

-9 

1-1486 

18-6 

-7 

1 - 18.30 

22-3 

-5 

1-2191 

25-9 

•2 

1-1163 

15-0 

34-0 

1-1491 

18-7 

-8 

1-1835 

22-3 

-6 

1-2196 , 

25-9 

'3 

1-1168 

15-1 

-1 

1-1496 

18-7 

-9 

1-1840 

22-4 

-7 

1-2201 

26-0 

•4 

1-1172 

15-1 

-2 

1-1501 

18-8 

41-0 

1-1846 

22-4 

•8 

1-2207 

26-0 

•5 

1-1177 

15 2 

-3 

1-1506 

18-85 

-1 

1-1851 

22-5 

-9 

1-2212 

26-1 

•6 

1-1182 

15-2 

-4 

1-1511 

18-9 

-2 

1-1856 

22-5 

48-0 

1-2218 

26-1 

•7 

1-1187 

15-3 

-5 

1-1516 

18-95 

-3 

1-1861 

22-6 

-1 

1-2223 

26-2 

■ -8 

1-1191 

15-3 

-6 

1-1521 

19-0 

-4 

1-1866 

22-65 

-2 

1-2229 

26-2 

•9 

1-1196 

15-4 [ 

-7 

1-1526 

19-1 

-5 

1-1872 

22-7 

-3 

1-2234 

26-3 

28-0 

1-1201 

15-4 

-8 

1-1531 

19-1 

•6 

1-1877 

22-75 

•4 

1-2240 

26-35 

•1 

1-1206 

15-5 

-9 

1-1536 

19-2 

-7 

1-1882 

22-8 

-5 

1-2245 

26-4 

•2 

1-1210 

15-55 

35-0 

1-1541 

19-2 

-8 

1-1887 

22-9 

-6 

1-2250 

26-45 

•3 

1-1215 

15-6 

-1 

1-1540 

19-3 

9 

1-1892 

22-9 

-7 

1-2256 

26-5 

•4 

1-1220 

15-7 

-2 

1-1551 

19-3 

42-0 

1-1898 

23-0 

-8 

1-2261 

26-6 

•5 

1-1225 

15-7 

•3 

1-1556 

19-4 

-1 

1-1903 

23-0 

-9 

1-2267 

26-6 

•6 

1-1229 

15-8 

-4 

1-1561 

19-4 

•2 

1-1908 

23-1 

49-0 

1 - 2-272 

26-7 

■7 

1-1234 

15-8 

-5 

1 • 1566 

19-5 

-3 

1-1913 

23-1 

-1 

1-2278 

26-7 

•8 

1-1239 

15-9 

-6 

1-1571 

19-55 

-4 

1-1919 

1 23-2 

-2 

1 2283 

26-8 

■9 

1-1244 

15 9 

-7 

1-1576 

19-6 

-5 

1 • 1924 

! 23-2 

-3 

1-2289 

26-8 

29-0 

1-1248 

16-0 

-8 

1-1581 

19-65 

•6 

1-1929 

: 23-3 

-4 

1 - 2-294 

26-9 

•1 

1-1253 

16-0 

-9 

1-1586 

19-7 

-7 

1-1934 

1 23-3 

-5 

1-2300 

26 9 

•2 

1 - 1-258 

16-1 

36-0 

1-1591 

19-8 

-8 

1-1940 

: 23-4 

-6 

1-2305 

27-0 

•3 

1-1263 

16-1 

-1 

1-1596 

19-8 

-9 

1-1945 

i 23-45 

-7 

1-2311 

27-0 

•4 

1-1267 

16-2 

-2 

1-1601 

19-9 

43-0 

1-1950 

, 23-5 

-8 

1-2316 

27-1 

•5 

1 - 1272 

16-25 

-3 

1 - 1606 

19-9 

-1 

1-1955 

' 23-55 

-9 

1-2322 

27-1 

•6 

1-1277 

16-3 

-4 

1-1611 

• 20-0 

•2 

1-1961 

: 23-6 

50-0 

1 - 23-27 

2T-2 

•7 

1-1282 

16-4 

-5 

1-1616 

20-0 

-3 

1-1966 

, ‘ 23-7 

-1 

1-2333 

27-2 

•8 

1-1287 

16-4 

-6 

1-1621 

20-1 

-4 

1-1971 

1 23-7 

-2 

1-2338 

27-3 

•9 

1-1291 

16-5 

-7 

1-1626 

20-1 

-5 

1-1976 

1 23-8 

-3 

1-2344 

27-3 

30-0 

1 - 1-296 

16-5 

•8 

1-1631 

20-2 

-6 

1-1982 

’ 23-8 

-4 

1-2349 

27-4 

•1 

1-1301 

16-6 

-9 

1-1636 

20-2 

-7 

1-1987 

- 23-9 

-5 

1-2355 

27-45 

•2 

1-1306 

16-6 

37-0 

1-1641 

20-3 

-8 

1-1992 

23-9 

-6 

i 1-2361 

27-5 

•3 

1-1311 

16-7 

-1 

1-1646 

20-35 

-9 

! 1-1998 

i 24-0 

-7 

1-2366 

27-55 

•4 

1-1315 

16-7 

-2 

1-1651 

20-4 

44 0 

1-2003 

24-0 

-8 

1 1-2372 

27-6 

•5 

1-1320 

16-8 

-3 

1-1656 

20-5 

-1 

1-2008 

i 24-1 

-9 

1-2377 

27-7 

•6 

1 - 13-25 

16-85 

-4 

1-1661 

20-5 

-2 

1-2013 

24-1 

51-0 

1-2383 

27-7 

•7 

1-1330 

16-9 

-5 

1 - 1666 

20-6 

-3 

1-2019 

24-2 

-1 

1-2388 

27-8 

■8 

1-1335 

17-0 

-6 

1-1671 

20-6 

-4 

1-2024 

i 24-2 

•2 

1-2394 

27-8 

•9 

1-1340 

17-0 

-7 

1-1676 

20-7 

-5 

1-2029 

: 24-3 

•3 

1 - 2399 

27-9 

31-0 

1-1344 

17-1 

-8 

1-1681 

20-7 


1-2035 

24-35 

-4 

1-2405 

27-9 

•1 

1-1349 

17-1 

-9 

1-1686 

20-8 

-7 

1-2040 

i 24-4 

-5 

1-2411 

28-0 

■2 

1-1354 

17-2 

38-0 

1-1692 

20-8 

•8 

1-2045 

24-45 

-6 

1-2416 

28-0 

•3 

1 - 1.359 

: 17-2 

-1 

1-1697 

20-9 

-9 

1-2051 

24-5 

-7 

1-2422 

28-1 

•4 

1-1364 

! 17-3 

-2 

1-1702 

20-9 

45-0 

; 1-2056 

24-6 

-8 

1 - 24-27 

i 28-1 

•5 

1-1369 

17-3 

-3 

1-1707 

21-0 

-1 

I 1-2061 

24-6 

-9 

1-2433 

1 28-2 

1 


G I 
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Table bhowwo the Relation op PebcentaOes, &c. — continual . 


Per cent, 
of 

Sugar. 

specific 

Gravity. 

Degree 

Baum(^ 

Per celt 
of 

Sugar. 

Specific 

Gravity. 

Degree 

Baume. 

Per cent 
of 

Sugar. 

Specific 

Gravity. 

, Degree 
Baume. 

l^r cent 
! of 
Sugar. 

j Specific 
Gravity. 

Degree 
; Baume. 

52-0 

1-2439 

28-2 

58-8 

■ 1-2828 

31-7 

65-6 

1-3-235 

35-2 

72-4 

1 1-3661 

• 38-5 

•1 

1-2444 

‘ 28 3 

•9 

: 1-2834 

31-8 

-7 

1-3-241 

i 35-25 

•5 

1 ' 3667 

38 - 6 

•2 

1-2450 

1 28-3 

59-0 

1 1-2840 

31- <85 

•8 

i 1-3-247 

; 35 -3 

■6 

1-3674 

; 38-6 

•3 

l-24:i5 

28-4 

•1 

i 1-2845 

31-9 

•9 

1-3253 

i 35 -'35 

•7 

1 1-3680 

38'7 

■4 

1-2461 

! 28-4 

2 

1-2851 

31-95 

66-0 

’ 1-3-260 

35-4 

-8 

; 1 - 3687 

38-7 

•5 

1-2467 

28-5 

-3 

1-2857 

32-0 

-1 

1-3-266 

1 35-4 

•9 

1 1 - 3693 

‘ 38-8 

■6 

1-2472 

28-5 

•4 

1-2863 

32-05 

•2 

; 1-3-272 

35 '5 

73-0 

j 1-3699 

; 38-8 

•7 

1-2478 

28-6 

■5 

1-2869 

32-1 

-3 

! 1-3278 

i 35-5 

-1 

i 1-3705 

38 '9 

■8 

1-2483 

• 28-65 

-6 

1-2875 

32-15 

•4 

1 1-3-285 

35-6 

-2 

1-3712 

, 38-9 

•9 

1-2489 

: 28-7 

-7 

1-2881 

32-2 

•5 

1 1-3-291 

35-6 

•3 

1-3719 

) 39 '0 

53-0 

1-2493 

i 28-75 

•8 

1-2887 

32-3 

•6 

j 1-3297 

35 '7 

-4 

1-3725 

1 39-0 

•1 

1-2500 

1 28-8 

-9 

1-2893 

32-3 

-7 

1 1-3303 

1 35 - 7 

-5 

1 ' 3732 

1 39' 1 

•2 

1-2506 

28-85 

60-0 

1-2898 

3-2-4 

•8 

1 1-3309 

35-8 

-6 

1-3738 

I 39 -1 

•3 

1-2512 

28-9 

-1 

1-2904 

32-4 

-9 

I 1-3315 

35-8 

i -7 

1-3745 

' 39'2 

•4 

1-2517 

28-9 

-2 

1 2910 

32-5 

67-0 

' 1-3322 

35-9 

; -8 

1'3751 

1 39-2 

•5 

1-2523 

29-0 

‘o 

1-2916 

32-5 

-1 

1 1-3327 

35-9 

■ -9 

1 ' 3757 

! 39-3 

•6 

1-2529 

29-1 

-4 

1-2922 

32-6 

-2 

1-3334 

36-0 

, 74-0 

1-3764 

39-3 

•7 

1-2534 

29-1 

•5 

1-2928 

32-6 

•3 

1-3340 

36 '0 

, -1 

1-3770 

39-4 

■8 

1-2540 

29-2 

•6 

1-2934 

32-7 

-4 

1-3346 

36-1 

i -2 

1-3777 

39-4 

•9 

1-2546 

29-2 

-7 

1-2940 

32-7 

-5 

1-3352 

36-1 

i -3 

1 -3783 

39 ' 5 

54-0 

1-2531 

29-3 

-8 

1-2946 

32-8 

-6 

1-3359 

36-2 

; -4 

1-3790 

39-5 

■1 

1-2557 

29 3 

-9 

; 1-2952 

32-8 

*7 

1-3365 

36-2 


1-3796 

39-6 

•2 

1-2563 

29-4 

61-0 

: 1-2958 

32-9 

-8 

1-3371 

36-3 

-6 

1-3803 

39-6 

•3 

1'2568 

29-4 

•1 

! 1-2964 

32-9 

•9 

r-3377 

36-3 

'7 

1-3809 

39-7 

•4 

1-2574 

29-5 

-2 

! 1-2970 

33-0 , 

68-0 

1-3384 

36-4 

I -8 

1-3816 

39-7 

•5 

1-2580 

29-5 

-3 

1-2975 

33-0 

-1 

1-3390 

36-4 

•9 

1- 38-22 

39-8 

•u 

1-2585 

29-6 

•4 

1-2981 

33-1 

•2 

1-3396 

36-5 

75'0 

1-3828 

39-8 

•7 

1-2591 

29-6 

-5 

1-2987 

33-1 

-3 

1-3402 

36-5 

-1 

1-3835 

39-9 

•8 

1-2597 

29-7 

-6 

1-2993 

33-2 i 

-4 

1-3408 

36-6 

-2 

1-3842 

39-9 

•9 

1-2602 

29-7 

•7 

1-2999 

33-2 

-5 

1-3415 

36 '6 

-3 

1 -3848 

40-0 

55-0 

1-2608 

29-8 

-8 

1-3005 

33-3 j 

•6 

1-3421 

36-7 

-4 

1-3855 

40-0 

•1 

1-2614 

20-8 

-9 

1-3011 

33-3 

•7 

1-3427 

36 '7 

-5 

1 -3861 

40-1 

•2 

1-2620 

29-9 

62-0 

1-3017 

33-4 

•8 

1-3433 

36-8 

-6 

1-3868 

40-1 

•3 

1-2625 

29-9 

-1 

1-3023 

33-4 

•9 

1-3140 

36-8 

•7 

1-3874 

40-2 

•4 

1-2631 

30-0 

-2 

1-30-29 

33-5 

69-0 

1-,3416 

36-9 

•8 

1-3880 

40-2 

•5 

1-2637 

30-05 

-3 

1-3035 

33-5 

•1 

1-3452 

36-9 

•9 

1-3887 

40-3 

•6 

1-2642 

30-1 

-4 

1-3041 

33-6 

•2 

1-3458 

37-0 

76-0 

1-3894 

40-3 

•7 

1-2648 

30-15 

-5 

1-3047 

33-6 ! 

-3 

1-3165 

37-0 

•1 

1-3900 

40-4 

•8 

1-7654 

30-2 

-6 

1-3053 

33-7 1 

-4 

1-3171 

37-1 

-2 

1-3907 

40-4 

•9 

1-2660 

30-25 

-7 

1-3059 

33-7 ' 

•5 

1-3477 

37-1 

-3 

1-3913 

40-5 

560 

1-2665 

30-3 

-8 

1-3065 

33-8 1 

-6 

1-3181 

37-2 

•1 

1-39-20 

40-5 

•1 

1-2671 

30-4 

-9 

1-3071 

33-8 1 

■7 

1-3190 

37-2 

'5 

1-3926 

40-6 

•2 

1-2677 

30-4 

63-0 

1-3077 

33-9 ' 

•8 

1-3496 

37-3 

-6 

1-3933 

40-6 

•3 

1-2683 

30-5 

-1 

1-3083 

33-9 1 

-9 

1 • 3502 

37-3 

•7 

1-3940 

40-7 

•4 

1-2688 

30-5 

-2 

1 -3085 

34-0 ' 

70-0 

1-3509 

37-4 

-8 

1-3946 

40-7 

■5 

1-2694 

30-6 I 

-3 

1-3095 

34-0 ; 

-1 

1 -3515 

37-4 

-9 

1-3953 

40-8 

•6 

1--2700 

30-6 

-4 

1-3101 

34-1 1 

-2 

1-3521 

37-5 

77-0 ! 

1-3959 

40-8 

•7 

1-2706 

30-7 

-5 

1-3107 

34-1 1 

-3 

1-3528 

37 '5 

-1 1 

1-3966 

40-8 

•8 

1-2712 

30-7 

-6 

1-3113 

34-2 1 

-4 

1-3534 

37-6 

•2 ^ 

1-3972 

40-9 

•9 

1-2717 

30-8 1 

-7 

1-3119 

34-2 

•5 

1-3540 

37-6 

-3 

1-3979 

41-0 

57-0 1 

1-2723 

30-8 

-8 

1-3126 

34-3 

-6 

1-3546 

37-7 

•4 1 

1-3986 

41-0 

•1 1 

1-2729 

30-9 

-9 

1-3132 

34 3 

•7 

1-3553 

37-7 

-5 1 

1-3992 

41-0 

•2 

1-2735 

30-9 

64-0 

1-3138 

34-4 

-8 

1 -3559 

37-8 

-6 

1-3999 

41-1 

•3 I 

1-2740 

31-0 

-1 

1-3144 

34-4 

-9 

1 - 3565 

37-8 

'7 

1-4005 

41-1 

■4 ! 

1-2746 

31-0 

• -2 

1-3150 

34-5 

71-0 

1-3572 

37-9 

-8 

1-4012 

41-2 

•5 

1-2752 

31-1 

-3 

1-3156 

34-5 

-1 

1-3578 

37-9 

-9 

1-4019 

41-2 

•6 

1-2758 

31-1 

-4 

1-3162 

34-6 

-2 

1-3585 

38 0 

78-0 ' 

1-4025 

41-3 

•7 

1-2764 

31-2 

-5 

1-3168 

34-6 1 

-3 

1-3591 

38-0 

■1 

1-4032 

41-3 

•8 

1-2769 

31-2 1 

-6 

1 -3174 

34-7 1 

-4 

1-3597 

38-1 

■2 1 

1-4039 

41-4 

■9 1 

1-2775 

31-3 

•7 

1-3180 1 

34-7 1 

•5 

1-3604 

38-1 


1-4045 

41-4 

58-0 i 

1-2781 

31-3 

•8 

1-3186 ! 

34-8 

-6 

1-3610 

38-2 

-4 1 

1-4052 

41-5 

•I i 

1-2787 

31-4 

-9 

1-3192 1 

34-8 ii 

-7 

1-3616 

38-2 

-5 1 

1-4058 

41-5 

•2 ! 

1-2793 

31-4 i 

65-0 

1-3198 

34-9 1 

•8 

1-3623 

38-2 

-6 

1-4065 

41-6 

•3 

1-2799 

31-5 ' 

-1 

1-3205 ; 

34-95 

■9 

1-36-29 

38-3 

-7 ' 

1-4072 

41-6 

■4 

1-2S04 

31-5 ' 

-2 

1-3211 ; 

35-0 I 

72-0 

1-3635 

38-3 

•8 ; 

1-4078 

41-7 

*5 

I-2S10 

31-6 : 

-3 

1 3217 

35-05. 

•1 

1-361-2 

38-4 

-9 ; 

1-4085 

41-7 

•6 

1-2816 

31-6 

-4 

1-32-23 1 

35-1 Ii 

-2 

1-3648 

38-4 

79-0 1 

1-4092 

41-8 


1-2822 

31-7 i 

-5 

1 

1-3229 j 

35*151 

h 

-3 

1-3655 

38-5 

-1 i 

i 

1-4098 

41-8 
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Table showing the Eexatton op Pebcentages, &o. — continued. 


Per cent 
of 

Sugar. 

Specific 

Gravity. 

If 1 

„ ' Per cent.i 

Degree . 

Sugar. 

Specific 

Gravity. 

Degree 

Baume. 

Percent. 

of 

Sugar. 

Specific 

Gravity. 

Degree 

Baame. 

Per cent.i 
of 1 
Sugar. 

Specific 

Gravity. 

Degree 

Baum^. 

79-2 

1-4105 

41-9 

81-0 ' 

1-4226 

42-7 

82-7 

1-4341 

43-5 

84-4 i 

1-4457 

44-3 

•3 

1-4112 

41-9 

-1 

1-4232 

42-8 

•8 

1-4348 

43-6 

*5 

1-4464 

44-4 

•4 

1-4119 

42-0 

-2 

1-4239 

42-8 

-9 

1-4354 

43-6 

•6 

1-4471 

44-4 

•5 

1-4125 

42-0 

•3 

1-4246 

42-9 

83-0 

1-4361 

43-7 

.7 , 

1-4478 

44-5 

•6 

1-4132 

42-1 

-4 

1-42.53 

42-9 

•1 

1-4368 

43-7 

•8 ' 

1-4485 

44*5 

■7 

1-4138 

42-1 

-5 

1-4259 

43-0 

•2 

1-4375 

43-8 

-9 

1-4492 

44-6 

•8 

1-4145 

42-2 

•6 ' 

1-4266 

43-0 

■3 

1-4382 

43-8 

85-0 

1-4498 

44-6 

•9 

1-4152 

42-2 

-7 

1-4273 

43-1 

-4 

1-4388 

43-9 

-1 

1 - 4505 

44-7 

80-0 

1-4158 

42-2 

-8 

1-4280 

43-1 

•5 

1-4395 

43-9 

•2 

1-4512 

44-7 

•1 

1-4165 

42-3 

-9 

1-4287 

43-2 

•6 

1-4402 

44-0 , 

-3 

1-4519 

44-8 

•2 

1-4172 

42-3 

82-0 

1-4293 

43-2 

•7 

1-4409 

44-0 

-4 

1-4526 

44-8 

■3 

1-4179 

42-4 

•1 

1-4300 

43-3 

-8 

1-4416 

44-1 

-5 

1-4533 

44-9 

•4 

1-4185 

42-4 

-2 : 

1-4307 

43-3 

•9 

1-4423 

44-1 i 

-6 

1-4540 

44-9 

*o 

1-4192 

42*5 ' 

-3 1 

1-4314 

43-4 

84-0 

1-4430 

44-2 j 

•7 

1-4547 

45-0 

•6 

1-4199 

42-5 ‘ 

-4 ! 

1-4320 

43-4 

-1 

1-4137 

44-2 1 

•8 

1-4554 

45-0 

•7 

1-4205 

42-6 : 

*0 1 

1-4327 

43-5 

•2 

1-4443 

44-3 

-9 

1-4561 

45-1 

•8 

1-4212 

42-6 

-6 , 

1-4334 

43-5 

-3 

1-4450 

44-3 1 

86-0 

1-4568 

45-1 

•9 

1-4219 

42-7 






i 
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The preceding table gives the proportions of sugar present in the juice as indicated by the 
sp. gr. or the degrees B. of the solution. The B. degrees are more frequently used in sugar-factories 
than the actual sp. gr., and this table gives the data for the comparison between the two. In 
either case, the sp. gr. or B. may be determined by the sp. gr. bottle or the hydrometer spindle, 
and if the usual precautions are taken, the results are directly comparable. The sp. gr. bottle 
is of course the more correct method of the two. When still greater accuracy is necessary, the 
juice has to he treated in a similar way to that in which the solutions of sugar have already 
been directed to be treated, viz. 16'35 cc. of the juice are measured into a 100-co. flask, 
subacetate of lead is added, and if necessary sulphite of soda, the solution is made up to 100 cc., 
and, after admixture, filtered and polarized, as before directed. Cane- and beet-juice require 
a larger addition of basic acetate of lead, on account of the gummy and mucilaginous matters 
which they contain. 

Beet Analysis , — The analysis of beet-juice is like that of beet-sugar. When beet itself is 
to be analysed, special precautions have to be taken, in order to obtain a fair sample. It is necessary 
to wash free from mechanical impurities, and to remove the top and small rootlets, and then 
dry the root. Occasionally it is desirable to determine the difference of weight in the root 
before and after this treatment, as tlie amount of mechanical impurities may be excessive. 
This is not often the ease. To obtain a fair sample of tlie produce of a field, it is absolutely 
essential to take a considerable number of roots, which should be selected so as to differ in 
size and outward appearance. It is sometimes more satisfactory to sample the roots by taking a 
large boring out of each by means of an instrument similar to a cheese-taster. The whole of 
the samples taken out must then be sliced, shredded, and mixed, and an average sample taken for 
analysis. It* is generally recommended that the estimation of the sugar in the root should be 
taken by pulping a large weight (200-300 gim.') of the cores cut out from the roots, and pressing 
them so os to express the juice in a small filter-press or filter-bag. This appears to involve a 
considerable risk of error, inasmuch as the pulping cannot be effectual without a certain loss of 
juice, which is of considerable importance in a small sample such as that worked upon. It seems 
far preferable to pulp a poition of the sample (not less than 100 j/rm.), transfer it to a piece of 
thin muslin tied up so as to form a bag, and boil for one or two minutes in a beaker or other 
suitable vessel, withdrawing the bag and squeezing out the superfluous liquid, decanting the 
total liquid into another vessel, and repeating the operation in the same way 3-5 times, as 
may be necessary, boiling the residue in the last instance for 5-10 minutes, so as to remove as 
far as possible the last residue of soluble matters, and, after squeezing, rinsing the muslin bag 
containing the marc once more with water. A solution obtained in this way will necessarily be 
a dilute one, and if too dilute, it will be requisite to concentrate it before titrating for glucose, 
or using for the estimation of cane-sugar. If so, the concentration must be effected by slow 
evaporation on the water bath, so as not to convert any of the cane-sugar into glucose. After 
concentration, the analysis is carried out as before directed. 

Sugar-cane Analysis . — A correct estimation of the amount of sugar obtainable from sugar-canes 
is even more difficult than in the case of beet-roots ; the best plan to be pursued is unquestionably 
‘as follows. Obtain a true sample of the canes of not less than 4-6 lb. in weight, but drawn in such 
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a way as to obtain a fair proportion of the joints in the canes, so as to faithfully represent the whole 
of the sample itself. Slice the canes longitudinally with a sharp knife, making at least 3 or 4 cuts, 
so as to divide them into narrow pieces or slips not more than J— | in. diam. Pass these pieces 
between the roUers of a hand roller-press provided with a tray undemeatli and a spout to carry 
away the liquid which is pressed out. After passing the pieces through twice, increasing the 
pressure on the second occasion, dip them into hot water for a few seconds, so as to moisten them, 
and pass again through the press 2 or 3 times, still increasing the pressure each time. The 
begass or trash brought out should not contain more than about 15 per cent, of moisture, if the 
operation has been properly performed. When this has been done, the liquid pressed out 
is in a state fit for analysis, and this may be carried through at oncfe on the liquid, calculations 
being made on the dry material, i. e. the sugar-cane originally put into the press. 

Determination, of Sugars — Optical Methods — Polarized Light . — When a ray of light a h (Fig. 1413) 
falls upon a polished surface of glass or other non-metallic substance, inclined to an angle of 
35° 20’, the reflected ray is altered in character, and acquires 
peculiar properties : it is in fact said to be “ polarized.” In 
order to show the character of the change which has been 
produced in the ray of light, the polarized ray may be 
received at c upon a second reflecting surface fixed at the 
same angle to the already reflected ray. If the two reflecting 
surfaces are parallel one to another, the polarized ray will be 
reflected again ; but if the second reflector is rotated around 
the axis od until the reflecting planes are perpendicular to 
each other, no light is reflected, and, at intermediate points 
in the rotation, the amount of reflection differs. If the 
angle abc differs within moderate limits from 35° 20’, some 
portion of the light is polarized, but the maximum effect is 
obtained only at this angle. The angle, however, differs for 
different substances; — thus for water it is 36° 49’, and for 
quartz 32° 28’. 

The light may also be polarized by refraction. Calc- 
spar and all other doubly-refracting crystals have the 
power of polarizing light A ray of ordinary light passed 
through a crystal of calc-spar, in any direction except its 
optical axis, is divided into 2 beams of equal intensity, called 
the ordinary and extraordinary rays. By a suitable adjust- 
ment of the position of the prism, it is of course easy to 
throw the ordinary ray entirely out of the field of view of the 
optical instrument in which it is to be used, and if the 
extraordinary ray is then passed through a second rhomb 
of calc-spar, it experiences double refraction, giving rise to 2 beams of unequal intensity, and the 
2 rays resulting from the double refraction are found to be polarized. Tourmaline, selenite, and 
other crystalline bodies, as well as glass, when submitted to strains or pressure, become double- 
refracting. A plane of polarized light is that in which the ray incident at the polarizing angle is 
reflected or transmitted in the greatest degree, and it is obvious that when the polarization has 
been produced by refraction, the plane of polarization is parallel to the plane of refraction. 

The Nichol prism, which is probably the most valuable device used for producing polarized 
light, or analyzing it, consists of a rhomb of calc-spar slit along the plane passing through the 
shorter diagonal ; the two halves are cemented together again with Canada-balsam, the refracting 
index of which is intermediate between that of the extraordinary and ordinary indices of the crystal. 
The result of this arrangement is that when the ray of light s (Fig. 1414) enters the prism, the 
ordinary ray is totally reflected on the surface of the internal layer of balsam a 6, and is refracted 
out of the crystal in the direction c do, while the extraordinary ray c e emerges alone in a direction 
not differing greatly from that of the principal axis of the crystal itself. 

When a ray of light in which a state of circular polarization has been produced is refracted by 
a Nichol prism, and viewed through an analyzer, the rotation of the analyzer causes no variation 
in the intensity of the light ; but this circular polarized light is not identical with ordinary light, 
as may be proved by interposing a plate of selenite in the course of the ray, when the light 
becomes elliptically polarized. Rotation of the plane of polarization of crystals of quartz or calc- 
spar causes a rotation of the polarization-plane around its axis. There are 2 varieties of quartz, 
known as right-handed and left-handed, one of which rotates the plane of polarization to the 
right, and the other to the left. If a plane of quartz cut perpendicularly to its axis is placed 
between the analyzer and the polarizer, the ray of polarized light is rotated, and, instead of being 
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white, is coloured, the tints of colotir changing in the order of the colours of the spectrum as the 
analyzer is turned. If monochromatic light is used instead of white light, it is found that when 
the Kichol prisms are adjusted so as to produce darkness, corresponding to total extinction of the 
ray of light, the introduction of the plate of quartz in the course of the ray partially restores the 
light, but total extinction is again produced on rotating the analyzer. The angular rotation which 
has been experienced by the ray may be measured by the degree to which it is necessary to rotate 
the analyzer to produce this effect. 

Two facts must be borne in mind here. The angle of rotation is directly proportional to the 
thickness of the quartz, and it varies for the different rays of the spectrum, being greater for those 
rays which are more refrangible, as shown by the following table, which gives the rotations produced 
by a quartz plate 1 mm. thick : — 


Red 

.. .. 19° 

Blue 

.. .. 32° 

Orange 

.. .. 21° 

Indigo . . 

.. .. 36° 

Yellow .. . 

. .. 23° 1 

Violet . . 

.. .. 41° 

Green 

. .. 28° 
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Polarisoopes or Optical Saccharometers. — Solutions of cane-sugars as well as many other bodies 
possess the property of deviating the course of a ray of polarized light in a fixed and definite 
degree. Other sugars deviate the course of this ray to degrees which differ not only in amount but 
in direction. Thus cane-sugar and dextrose deviate the plane of rotation to the right, while 
laevulose and other sugars deviate it to the left. It has consequently been possible to construct 
instruments in which, by measuring the degree of rotation or deviation produced by a solution 
contained in a tube of a certain length, it is easy to determine the percentage of sugar present, 
because by numerous experiments it has been proved that the angular rotation produced by 
different sugars is directly proportional (within certain limits of error, controlled by well- 
understood circumstances) to the bodies present. 

The " polarisoopes,” as they are called, i. e. optical saccharometers of different makers are here 
described. The three instruments in common use are the Soleil-Ventzke, Soleil-Duboscq, and 
Shadow (Penombre). 

In construction, the SoleU polariscope is simple. The tube which contains the liquor consists 
of 3 parts (Fig. 1415), of which, 2 parts a b are capable of being screwed on to the remaining 
portion o, which consists 

of a glass tube encased I4i6. 

in metal, the ends of 
the tube being carefully 
ground off to an exact 
length of 20 centim., and 
provided with screws d. 

Two small flat pieces of 
glass are arranged to covet 
the ends of this tube, and 
these are secured in place 
by the caps a 5, which 
are furnished with in- 
ternal screws fitting on to 
the screws bf the central 
part 0 . This provides for 
a column of liquid con- 
tained in the tube exactly 
20 centim. long. Another 

tube of the same kind, but 22 centim. long, is requisite for use in those cases 
in which sugar solutions have to be inverted. This tube is preferably con- 
structed as in Fig. 1416, with an outlet or T -piece rising from the centre of 
the tube, through which a thermometer can be passed to ascertain the exact 
temperature of the contents of the tube, the instrument being so arranged that 
this tube can be dropped in between the eye-piece and objective. 

The instrument consists of 2 distinct portions, one designed to polarize the 
light, and the other to analyze or test the character of the ray of light passing 
through the solution contained in the tube, both of which are capable of 
rotation, the former, i. e. the objective, to a small extent only, and the latter 
through the complete circle. This latter portion of the instrument is, accord- 
ing to the character of the polariscope, furnished with a graduated circle for indicating the degree 
of rotation, or with a divided scale showing the thickness of the quartz, hereafter referred to, which 
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Iiaa been iatrodaced between the sugar solution and the eye. The optical part of 6ie instrument, as 

well as its general form, is shown in Fig. 1417. rm. i- 

The Soleil-Duboscq polariscope consists of 2 metalUc tubes mounted on a tripod. The light 
enters at H by a circular opening having a diameter of 3 mm., and traverses the achroinatic 
polarizing prism P. E is a plate of quartz called the plate of double rotation, composed of 

1417 . 



2 half-discs of quartz of equal thickness, cut perpendicularly to the axis of crystallization, turned 
in opposite directions, and cemented together so that the plane of separation is in a vertical 
direction. The half-discs have contrary rotations, one being left-handed and the other right- 
handed, The light then passes on to the tube T containing the solution to be examined, and 
encounters Q, a quartz p ate either right-handed or left-handed, of arbitrary thickness. From Q, 
the ray reaches K, which are wedge-shaped quartz plates having the same kind of rotation, but 
differing from that of Q. These are fixed in brass slides, covered with plain brass plates on each 
side, so as to protect them from injury. They are so fixed that they can be moved to and fro at 
will, and by this means the optical thickness of the qqartz through which the polarized rays have 
to pass may be increased or diminished. The light then passes to tlie analyzer A and quartz 
plate C ; a telescope X L defines the field of view of the instrument. The doubly-refracting prism 
N is placed relatively to the diaphragm of the telescope, in such a way that tlie passage of one 
of the rays transmitted by the polarizer is intercepted. Either the ordinary or the extraordinary 
ray, according to the thickness of the quartz-plate, will pass through. From the construction of 
this apparatus, it is evident that on making an observation through the ocular or eye-piece, there 
will appear a luminous disc with a vertical line in its centre, the latter being produced by the 
junction of the 2 quartz plates E. The sum of the thickness of the two prismatic quartz- 
plates at a certain position is exactly equal to that of Q, and as the rotations are different, one 
being right- and the other left-handed, it follows that they neutralize one another, and produce 
no change of colour on the polarized ray. 

When the instrument is properly adjusted, and the tube filled with distUled water, each 
side of the field will be of the same colour. The tube containing the distilled water is now 
withdrawn, and another tube containing a liquid having a rotatory power which will act on 
polarized light is introduced. The uniformity of the colour will be destroyed, owing to the rotatory 
effect of the liquid itself, which vitiates the compensatory effects of the plate E and the quartz 
wedges. 

The direction in which the ray of light is rotated will depend upon the character of the 
liquid. Thus with cane-sugar, the deviation will be to the right, and this, with that of the right- 
handed plate of quartz, produces an inequality in the polarizer, and consequently the production of 
unequal colour in the two halves of the field. 
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The only wa;f to restore the field to nniforinity is by turning the screw, by which the quartz- 
wedges are moved to and fro, whereby the thickness of the quartz is increased or diminished. 
This increase or diminution compensates for the deviating effect of the liquid, and shows the 
degree to which the ray of light has been rotated. The action of the compensator also shows 
whether the substance examined is right or left rotating. 

The degree of rotation is measured by the thickness of quartz’ necessary to neutralize the 
deviation of the body examined. This thickness is 
estimated by a graduated scale fixed ,to one of 
the slides E (Fig. 1418), in such a way that the one 
carrying the scale is read off upon the other serving 
as an indicator. 

In the instrument as ordinarily constructed, the 
scale is graduated into degrees indicating percentages 
of sugar on each side of the zero division. 

A thickness of quartz equal to mm. is equiva- 
lent to a displacement of 1 division on the scale, 
compensating a rotatory effect of 1 per cent, of sugar 
when the solution is made of the proper strength. 

This polari scope has been greatly improved over 
its original form by placing in front of the ocular 
of the telescope a Nichol prism N capable of rotation. This arrangement is for the purpose of 
producing what is called the sensitive tints, i. e. that tint in which the change from one colour to 
another is most readily appreciated by the eye. The colour of the liquid under examination is to a 
considerable extent destroyed by this prism. 

The zero point is determined by filling one of the tubes with distilled water, putting it into 
position, observing the reading, focussing, and then adjusting by means of the screw B. 

Fig. 1419 gives a perspective view of the SoleU-Ventzke Saccharometer in its most improved 
form, and Fig. 1420 the section of the optical arrangement. A support standing on a tripod 
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holds the main portion of the apparatus, the middle part of which consists of a metallic receptacle, 
provided with a hinged cover to prevent access of light while an observation is being taken. 
At each end of this support, a brass tube is fixed, one containing the double quartz plate d and the 
polarizer c. A is the regulator for changing the tints of the double quartz plates C. It consists 
of the Nichol prism a and quartz plates b, cut perpendicularly to the axis of the crystal, both of 
which can be caused to rotate by appropriate means. B, the polarizer, is an achromatic calc-spar 
prism As its principal section is vertical, the extraordinary ray is totally reflected at the axis 
and only the ordinary ray is transmitted. The convex surface turned towards A renders the rays 
paraEel. The double quartz plate C is precisely similar to that of the Soleil-Duboscq apparatus. 
Its thickness may be either 3 ■ 75 mm. or 7 • 50 mm. D is the observation tube. The compensator E 
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coasists of the right-hEmded plate of qnortz c, and the wedge-form plates d, which *are left-hande A 
one beiug fixed and the other movable by means of a tack and pinion, to increase or diminish th« 
thickness of crystal through which the polarized ray has to pass ; c may be of left-handed quartzj 
but in that case the optical rotation of the wedges must be in an opposite sense. The analyzer F* 
is an achromatic calc-spar prism, whose principal section must be parallel to that of the polarizer B 
when the thickness of the plate G is 3 '75 mm., or perpendicular to it when the latter is double that 
thickness. G is a small Galilean telescope, consisting of objective e and ocular /. 

The Shadow polariscope is constructed as follows. It possesses certain peculiarities, the 
principal of which is that the field of the optical part of the instrument appears to the eye to be 
divided into two halves, one light and one dark (in shade, not tint or colour), divided by a vertical 
line, and the analyzer has to be rotated till the two portions of the field appear of the same shade. 
The apparatus was devised 
by Dubo,scq and Cornu, and 
is shown in Fig. 1421. The 
polarizing prism consists of 
a rhomb of calc-spar, divided 
longitudinally, following the 
plane of the smaller diagonal 
A B, as shown in Fig. 1422. 

Each of the cut faces being 
removed for an angle of 2§°, 
the remaining sections IBM 
and O B G are cemented 
together again on the planes 
passing through B I and 
BO. A double prism is 
produced by this means, the 
principal sections having an 
angle of 5° ; the effect of 
this is that small changes in 
the illuminating field pro- 
duce relatively large changes 
in rotation in the ray of polarized light, and the analyzer has to be rotated relatively to a 
large extent to neutralize the effect. This increases the delicacy of the instrument. If the prisms 
are not properly adjusted, they are rectified by turning the Nichol prism by means of a button, 
until the whole field becomes of a uniform slate or French-grey colour, and the zero of the scale 
exactly corresponds to that of the Vernier. When this is the 
•case, the instrument is in proper adjustment, and ready for 
use. 

The observation is made in the same way as in the last polari- 
scope mentioned, with the exception that the ocular analyzer is 
rotated instead of being moved in a transverse direction to the 
field of view. 

In analyzing a sample, the arm is rotated until the field 
assumes a uniform tint, and the difference between the two sides of 
the field of view has disappeared, the vertical linealone remaining. 

At this point, the rotation is stopped, and the scale is read. 

This polariscope is mnch employed in France. It is very 
accurate, moderate in price, and on the whole one of the moat 
useful. A great advantage which it possesses is that persons 
who are wholly or partially colour-blind can read it with reasonable if not perfect accuracy The 
light needed for it is monochromatic, and may be obtained by means of the Laurent lamp, or any 
other lamp which introduces a sodium compound into the flame of a Bunsen burner. 

The optical parts of Laurent’s polariscope differ considerably from those last described. 
Pigs. 1423, 1424, show the construction of the apparatus ; a is a thin plate of bichromate of potash, 
inserted to cut off any blue or violet rays in the sodium light which is used for the purpose, so as 
to render it more thorouglily monochromatic. 

The polarizer 6 is a calc-spar prism, both parts being placed in a movable brass tube aS 
(Fig. 1424); 0 is a round diaphragm covered by a plate of glass, on which a thin section of quartz 
is cemented, the quartz being cut in such a way that only half the aperture is covered by it • c is 
the analyzing Nichol, and fg the lenses of the telescope. The theory of this saceharometer is as 
follows. Supposing the plane of polarization to be vertical to the optical axis of the quartz plate, 
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the light will traverse it without deviation; if the analyzer is rotated, advance is made pro- 
gressively to the maximum or total extinction of the light ; consequently, by turning the analyzer 
through any given angle to the right, the plane of polarization being no longer parallel to the axis 
of the crystal, the polarized ray will pass without deviation on the right side on which there is no 
quartz, but it will be deviated on the left, and on this side there wUl be determined a principal 




section* symmetrical to that of the polarizer on the right side, but turning to the left. If the 
analyzer be now turned until the principal section is perpendicular to that of the polarizer, 
there will be a total extinction of the light to the right, but only partial to the left. If, on the 
contrary, the principal section of the analyzer is perpendicular to that which corresponds to that 
of the quartz plate, there will be a total extinction to the left and partial to the right. Finally, if 
the principal section of the analyzer is intermediate in position, i. e. perpendicular to the axis of 
the crystal, or horizontal, there will be partial extinction of the light both to the right and left, 
and the luminous disc sighting the field of the instrument will appear uniformly obscured. 
Hence a small rotation of the analyzer tends to change the uniformity of the shade, and renders 
this polariscope specially delicate with small angles. The distinctive peculiarity of this instrument 
is that by turning A B (Fig. 1423), the angle of rotation is augmented, and by this means the field 
is greatly brightened, and observation may be made with darker solutions than can otherwise be 
used. 

This polariscope has been adopted for use in the French Government laboratories for sngar 
analysis: although it is stated that recently some very considerable modifications have been 
made in it, mainly in the direction of working with observation-tubes of 1 or even 2 m. in 
length, and in the graduation so as to enable small proportions of sugar to be estimated more 
conveniently. , • 


1962 


SUGAE. 


Specific Botatory Power. — ^The peculiar tint called the “ transition ” tint (feint de passage) is 
produced when a ray of light is caused to pass through a quartz plate 3 '75 mm. thick. The tint is 
perhaps best described as rose-purple of a somewhat delicate character, but it is easily altered by 
the slightest movement in the position of the analyzer. To most persons who are not colour- 
blind, this is a most delicate colour for detecting changes in the shades of tint produced by 
polarization. 

The mode in which the specifio*rotatory power of liquids is measured is somewhat peculiar. 
It follows from-what has been said that the rotation is directly proportionate to tlie length of the 
column of liquids through which the ray passes, and is also proportional, sometimes directly and 
sometimes indirectly, to the quantity of active substance dissolved in the liquid. If e be the amount 
of substance dissolved in a unit of weight of the solution, I the length of the liquid column, and a 
the observed angle of rotation for any particular column, at the transition tint the angle of rotation 


for the unit of length will be ; but as the solution of the optically active body is often attended 

with alteration of volume, it is desirable, in order to obtain an expression independent of such 
irregularities, to refer the observed angle of deviation to a hypothetical unit of density — that is to 


divide the quantity by the density g of the solution. The expression [o] j = is called tlie 


specific rotatory power, and represents the angle of deviation which the pure substance in a 
column of the unit of length and density 1 would impart to the ray corresponding to the transition 
tint. For instance, a solution containing O' 155 grm. of cane-sugar to 1 grm. of liquid has a sp. gr. 
of 1'06, and deflects the polarized ray for the transition tint 24° in a tube 20 mm. long. The 
specific rotatory power is therefore 


M; = 


24 

155 X 20 X 1-06 


7*3°. 


[o] is the expression for the specific rotatory power in general; a letter afBxed shows the 
particular ray of the spectrum at which the deviation was observed, thus [a] D and [a] j are 
the expressions for the line D of the spectrum, and for the mean yellow ray or transition 
tint respectively. The minus sign is prefixed to the degree when the substance rotates to 
the left. 

The following table shows the equivalence in degrees of diflerent polariscopes : — 


lo 

Scale of Mitsoherlich 

Grm. Sugar 
in 100 cc. 

= -750 

1° Soleil-Duboscq 


•215° MitscherUch. 

1° 

„ Soleil-Duboscq 

= -1619 

>» >» 

= 

•620° Ventzke-Soleil. 

1° 

„ Ventzke-Soleil 

= -26048 

1° 

* »» 

= 

1-619° WUd. 

1° 

„ Wild (sugar scale) 

= -1000 

1° „ Yentzke 

= 

•346° Mitsoherlich. 

1° 

„ Shadow sacchar. (of 


1° » 

= 

1 ■ 608° Soleil-Duboscq. 


Laurent and Duboscq) 

= -1619 


= 

2-648° Wild. 

1° 

Mitscherlich = 4*635'^ Soleil-Duboscq. 

1° Wild (sugar scale) 

1° 

if 

= 

• 618° Soleil-Duboscq. 
■384° Soleil-Ventzke. 

1° 

= 2*879° Soleil-Ventzke. 

1° 

»» 

= 

•133° Mitsoherlich. 


Equivalence in Circular Degrees. — 

Wild (sugar scale) 1° = '1328 circ. degree D. j Soleil-Ventzke j 1° = -3455 circ. degree D. 
-Soleil-Dubosoq j 1° = '2167 „ » D. „ „ j 1° = -3906 i 

„ „ j 1° = -2450 „ „ j. i » J- 

Instruments reading angular degrees, such as Wild’s, Laurent’s and Duboscq’s saccharimetre d 
penombre may be made to give the concentration — i.e. the number of grm. of sugar in 100 cc. of 
solution— by the following formula 

♦ _ _ 100 a 

in which a is the observed angle of rotation, 4 the length of the observation-tube in decimetres, 
and [a] D the specific rotatory power of cane-sugar for monochromatic light, which, for most 
purposes may be placed at 66 -4°. When the sp. gr. of the solution operated upon is known the 
percentage by weight can be calculated by dividing the value of C obtained as above by the 
density. ^ 
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Analysis of Commercial Glucose or Starch-sugar . — The production of this sugar has already been 
described (see pp. 1914-21). It occurs either as solid and granular powder, or a syrup of the 
character of honey. As in the case of cane-sugar, the full or complete analysis is attended with 
considerable difficulty, and it is therefore customary to return only 4 or 5 leading figures, which in 
most cases are sufficient for commercial purposes. The different processes will first be dealt with 
separately, and then the way in which they are carried out, and the mode in which the results are 
returned. 

Tlic sp. gr. of dextrose solution differs somewhat from that of cane-sugar containing the same 
amount of solid matter ; Pohl gives the following table : — 


1 

1 

Density of Solution. 

Per cent. Sugar. 

Difference in Density. 



1-0072 

2 

- 8 



1-0200 

5 

- 1 



1-0275 ' 

7 

- 6 



1-0406 

10 

+ 1 



1-0480 

. 12 

- 7 



1-0616 

15 

-b 0 



1-0693 

17 

- 11 



1-0831 

20 

- 7 



1-0909 

22 

- 20 



1-1021 

25 

- 47 



Determination of Dextrose by means of Fermentation. — A standard solution of the sample to be 
examined is made, and the percentage of dry matter estimated. A weighed quantity of yeast is 
then added to the solution, and it is submitted to fermentation ; after the alcohol and carbonic acid 
formed have been expelled, the percentage of dry matter is again determined by the difference 
in weight of the entire apparatus before and after fermentation. The difference between the 
amounts of dry matter before and after the fermentation shows the amount of sugars in the 
fermentable form. The process incurs a certain loss, which may and frequently does amount to 
5 per cent, of the total fermentable sugars present, because part of these in the course of the vinous 
fermentation are converted into glycerine, succinic acid, and other bodies, which are fixed at the 
temperature of boiling water, and consequently remain with the residue. 

For instance, 100 grm. of glucose or starch-sugar, after dissolving in water, and diluted to 1 litre, 
would have a sp.gr. of about 1 • 030, and it appears from the table above that this corresponds 
to a percentage of the dried substance of 7 ’463; but as the substance has been weighed instead of 
being measured in co.’s, the true percentage as contained in the solution will be 76 '87 per cent, dry 
substance, and 23' 13 per cent, water; J litre of the solution thus made is taken, and g, sufficient 
quantity of fresh yeast, which is active and in good condition, is added ; the whole is then placed 
in a fermenting apparatus, so that the carbonic acid can escape after drying. After weighing the 
whole apparatus, it is placed on one side at a proper temperature for about 3 days, weighing at 
intervals in order to ascertain when the action is complete. The liquid in the flask to which the 
yeast ^has been added is then measured, and boiled in order to drive off any residual alcohol, and, 
after cooling, is made up to its original volume, and returned to the flask. The amount of 
fermentable sugars is ascertained by the difference between the weight of the entire apparatus 
before and after fermentation. Thus if 500 cc. contained originally dry substance equal to 76 ’87 
per cent, of total matter, and the liquid after fermentation contains the equivalent of only 
20 ’67 of unfermentable matters, the residue of fennentable sugars will be 56'20 ; adding to this 
5 per cent, on the quantity found, say 28 • 04 per cent., gives 58 • 24 per cent, as the total amount of 
fermentable sugars probably present. 

The main difficulty in this process is the time which it takes, and the fact that from possible 
non-activity of the yeast it is essential to make 2 analyses of each sample with yeast obtained from 
different sources. 

The proportions of maltose, dextrine, and glucose in brewing sugaTs prepared from starch may be 
determined by the optical method in conjunction with Fehling’s test. It is necessary first to deter- 
mine the specific rotatory power of the sainple, which is done by dissolving a known weight of the 
substance in water, and making up to a certain volume ; the solid matter is determined from the 
sp. gr. of the solution, by dividing by 3 • 85. This figure is constant, and allows an increase of 3 • 86 
in density for each 1 grm. of sugar or other carbohydrate in 100 cc. of the liquid. The following 
example is given by A. H. Allen : — 

(a) On ignition the sample left f)' 63 per cent, of ash. • 
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(6) The sp. gr. of a solution of 20 grm. of the eaiople diluted to 100 cc. was 1063-32 at 15J° 
(60° P.). ITiis figure divided by 3- 85 gives : — 

Total solids = 82-23 per cent. 

Less ash 0-63 „ „ 


Carbohydrates 81-60 „ „ 

(c) By Fehling’s test, the sample was found to have a reducing power equivalent to 72-6 per 
cent, of glucose. The reducing power of maltose may be taken as ^ that of glucose. 

(d) A solution of 20 grm. per 100 cc. observed in a i-decim. tube caused an angular rotation of 
+ 23-7° for the sodium line D. Hence the value of [a] D for the sample was + 59-25°, thus — 

90.7 

[«]!> = ^0= 

2 X — 


The values of [a]D for dextro-glueose, maltose, and dextrine are respectively + 52°, + 139°, 
and + 193°, ignoring fractional parts of a degree. 

Let [a]o be the apparent specific rotatory i)ower, K the cnpric oxide reducing power of the 
sample, aud g, m, and d the respective amounts of glucose, maltose, and dextrine contained in 
1 grm. of the sample. Then from the above data the following equations result 

* 1. j' + m + d= -816. 

2. j+-62m+ = K= -726. 

3. 52 ^ + 139 m + 193 d = [a]D = 59 25. 

From these 


g = -726 - •62 m. 


d g ■= -816 — m. 
d 4- -726 — -62 m = -816 — m. 
and d = -09 — -38 m. 


Substituting the above values for g and d in equation 3, we get 


52 (-726 - -62 m) + 139m + 193 (-09 - -38 m) = 59-25. 


Simplying this, 

37-752 - 32-24 m + 139 m + 17-37 - 73-34 m = 59-25. 


Simplifying again, and transposing, we get 

33-42 m = 4-128, 

whence • m = -1235. 

The value of m being found, those of g and d are easily derived from equations 1 and 2. Thus 
g = -726 - -62 (-1235) = -726 - -07657 = -64943. 
d = -816 -m-g= -816 - -1235 - -6494 = -0431. 

As these values represent the respective weights of glucose, maltose, and dextrine in 1 (fi-m. of 
the sample, the percentages will be 64-94, 12-35, and 4-31, together making up 81-60 per cent. 

Determination of Sugar by Fehling solution. — This process alone is incorrect as applied to 
brewing sugars, because maltose, which is almost invariably present in large quantity, acts upon 
oxide of copper in a different proportion to that in which true grape-sugar acts; thus, while 
100 parts of dextrose throw down 220 parts of suboxide of copper, 100 parts of maltose only reduce 
141 parts of suboxide of copper. This test, therefore, is only of relative value. 

Kumpf and Heinzerling state that solutions of (1) caustic soda and cupric sulphate at the 
boiling-point do not act on dextrine entirely free from sugar, which corrects Gerhardt’s observation, 
who asserted that dextrine caused a reduction ; (2) solutions of alkaline tartrates and Fehling’s 
solution each act upon dextrine, making the results of the dextrose estimation too high in 
direct proportion to the length of time the heating is continued. When the reduction is quickly 
effected, and the heating continues only a few minutes, they have found that the error in the estima- 
tion of dextrose in the presence of dextrine in starch-sugars is too small to sensibly affect the results. 

Anthon’s method depends on the fact that the impurities present in commercial starch-suo-ar 
have a greater density than the sugar. The process is somewhat empirical, but is said to give fafrly 
accurate results. A saturated solution of starch-sugar is made by dissolving an excess of sugar in 
a finely divid^ state in water. The sp. gr. of the clear solution thus produced is ascertained, and 
from tliis the percentage of impurity is calculated according to' the following table : 
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Density of sat. 
solution. 

Per ct. of 
impurities. 

Density of sat. 
solution. 

Per ct. of 
impurities. 

Density of sat. 
solution. 

Per ct. of 
impurities. 

1-2060 

0 

1-2350 

15 

1-2587 

30 

1-2082 

1 

1-2368 

16 

1-2603 

31 

1-2104 

2 

1-2386 

17 

1-2618 

32 

1-2125 

3 

1-2404 

18 

1-2633 

33 

1-2147 

4 

1-2422 

19 

1-2649 

34 1 

1-2169 

5 

1-2440 

20 

1-2665 

35 

1-2189 

6 

1-2456 

21 

1-2680 

36 

1-2208 

7 

1-2473 

22 

1-2695 

37 

1-2228 

8 

1-2489 

23 

1--2710 

38 

1-2247 

9 

1--2506 

24 

1-2725 

39 

1-2267 

10 

1-2.522 

25 

1-2740 

40 

1-2284 

11 

1-2535 

26 

1-2755 

41 

1-2300 

12 

1-2548 

27 

1-2770 

42 

1-2317 

13 

1-2.561 

28 

1-2785 

43 

1-2333 

14 

1-2574 

29 




Water. — ^This is determined by drying the sample when admixed with dry and well-washed 
sand, as described under the analysis of molasses (see p. 1946). When solid samples of glucose 
have to be examined for moisture, the solid matter is first melted in a weighed dish in the water- 
bath at a gentle heat, and a weighed quantity of sand is stirred in. 

Admixture of Starch-sugar with Cane-sugar. — It is stated that raw sugars are sometimes 
adulterated with starch-sugar, and the following methods have been suggested for the detection 
of the adulteration. It does not appear that the admixture has ever been common in this country, 
but in 4-merica it is said to be very frequent, and it is quite possible that it may prove profitable, 
because not only is the price of dextrine far lower than that of raw sugar, but it is somewhat 
similar in colour, and also shows far higher polariscopio reading, O’ 40 per ceut. of dextrine 
corresponding to 1 per cent, of sugar. 

If the suspected sugar is mixed with water and absolute alcohol, or with alcohol of 95 per cent., 
and the sugar is washed with it on the filter, there will in most cases be a white coagulum of 
dextrine left behind, which is recognized by its appearance. If cane-sugar has been adulterated 
with starch-sugar, the sample on solution in water generally leaves some particles of glucose, which 
do not dissolve easily or readily. They are mostly white in colour, and if they are sufficient in 
quantity, it will be found that, on dissolving them in a larger quantity of water and submitting 
them to the polariscopio test, the reading is markedly different to that of cane-sugar, and not only 
so, but it gradually diminishes for some hours after the solution has been made. As the rotatory 
power of starch-sugar is in excess of that of cane-sugar, samples which are adulterated with any 
notable proportion of starch-sugar will generally give a reading in excess of that which is due to 
the cane-sugar present, and in consequence the figures of the analysis will very frequently add up 
to more than 100 per cent. 

Casaraajor has recommended the use of methylic alcohol of 50 per cent, strength saturated with 
starch-sugar, as a solution for the purpose of detecting the admixture of starch-sugar with cane- 
sugar. The mode of applying this test is to wash the suspected sugar with the saturated solution 
of starch-sugar in methylic alcohol, which readily dissolves the cane-sugar and other impurities, 
leaving the starch-sugar insoluble ; this method, though of value as a qualitative test, cannot be 
recommended for quantative work. 

Chandler and Eicketts’ method is probably the best which has yet been proposed for the 
detection of starch-sugar in cane-sugar, but it is not readily applicable, and is attended with 
some degree of difficulty in execution. It depends upon the fact that the rotation of a solution of 
levulose varies with the temperature, while the rotation of dextrose is constant for all temperatures. 
As invert sugar consists of a mixture of dextrose and levulose in equal proportions, it foUows that 
there is a certain temperature at which invert sugar has no effect upon the polariscope. Hence if 
a sample of commercial sugar, whether raw or refined, is inverted and heated to a certain definite 
temperature, viz. 87 ' 2° (189° P.), the rotation of the levulose is neutralized by the dextrose, and the 
sample does not produce any rotation. Hence if the tube containing the solution of the sample is 
placed between the polarizer and the analyzer, and surrounded by a jacket or water-bath in such a 
way that its temperature can be kept definite at 87'2° (189° F.), the rotatory effect due to the 
cane-sugar is eliminated, and the rotation which is found by the optical examination is due entirely 
to glucose or intermediate products present. It is obvious that this method requires a special appa- 
ratus, inasmuch as the water-bath must be kept uniformly at a fixed temperature ; but it is a decided 
advantage in detecting the presence of the adulterant if its quantity is at all notable, though it is 
not of use for detecting the character of that adulterant without the use of additional processes. 

Analysis of Animal Charcoal, Cha^, or Bone-black (see pp. 443-4).— Animal charcoal^iffers much in 


1966 


STTGAIi. 


character, the difference being dependent partly npon the character of the hones ns^ in making 
it, viz. whether they are fresh or stale, whether they have heen thoroughly freed from membranous 
matters, and more especially whether they have been boiled so as to separate the fatty matters 
(see pp. 1448-50), or simply cleared from meat in the ordinary way practised by butchers. The 
greater part of the animal char used in this country is made here from bones obtained from dealers 
who buy up the residues from butchers and from house use. 

Animal char has a remarkable decolorizing power, not only on sugar, but on other coloured 
solutions. This power has been known and in many cases used chemically for 60-70 years, but it 
appears to have been in 1821 that Bussy & Pan first thoroughly investigated its manufacture and 
modes of action. At first it was customary to use it in a fine powder, in which state it is doubtless 
more efficient ; hut after once using in this condition, its power is almost destroyed, and it is 
incapable of being revivified, whereas Dumont discovered in 1828 that by recalcining char which had 
been used in the form of grains, it was possible to use it repeatedly without any notable diminu- 
tion in its decolorizing power. 

The manufacture from bones is in this country practically in the hands of some 3 or 4 firms. 
There is nothing peculiar about the process. Certain volatile products pass over from the retorts, 
— bone-oil (see p. 1360) and animal pitch, both of which have certain limited commercial uses, and 
a considerable quantity of gas is given off, which is in one or two cases used to light the factories 
in which the process is carried on (see p. 1450). The general composition of an average sample of 
good char is similar to the following. Further on will be pointed out alterations in character 
which take place os the char is used and revivified. 


Carbon 11 "00 

Carbonate of lime 8 • 00 

Phosphate of lime and magnesia .. 80 '00 

Alkaline salts .. .. 0-40 


Sulphate of lime 0 • 20 

Oxide of iron O' 10 

Silica 0-30 


It is probable that the action of charcoal in removing colour is entirely physical. Some soluble 
colouring matters are absolutely absorbed, but these in most cases are given up again to the wash- 
ing-water, and are therefore simply removed from the refined sugar to the sugar of inferior grades. 

The following analyses, taken from the working of a sug.ir-refinery, show the absorptive power 
of char for impurities found in sugar solutions : — 


Sugar .. .. 

Grape-sugar 

Organic matter not sugar 

Ash 

Raw 

Liquor. 

Filtered 

Liquor. 

Cliar 

Washings. 

93-50 

2- 14 

3- 56 
0-80 

95-30 

2-25 

2-00* 

0-45t 

78-50 

3-23 

11-05 

7-22 

100-00 

100-00 

100-00 


* 43-82 per cent, absorbed. .j. 43.75 pjj cent, absorbed. 


It is probable that the absorptive power of this bone-black is owing to the presence of carbon 
in a minutely divided state deposited upon what may be called a framework or skeleton of 
phosphate of calcium in an extremely porous condition, and hence the lighter the char the better it 
is likely to act. * 

The substances taken up by the char divide themselves naturally into 2 or 3 different groups ; 
organic bodies of the albumen class are retained with such great tenacity that even after long 
washing with hot water they are not removed. Certain inorganic salts, such as carbonate of lime, are 
also obstinately retained, while other soluble substances which are taken up, such as gums and colour- 
ing matters, and inorganic bases combined with organic acids, comparatively readily wash out from it 
Walkhoff, many years ago, working with weak solutions of potash and soda salts, arrived at the 
following results as to the absorptive power of char on the salts mentioned : 


Potassium hydrate, at 60° (140° F.) 

Per cent, 
absorbed. 

13-5 

Sodium carbonate . . 

Per cent, 
absorbed. 
9!4*0 


„ at 15° (59°F.) .. 

16-6 

>• „ at 60° (140° F.) 

. 18-3 

)> 

carbonate 

25-0 

„ phosphate 

. 32-3 


phosphate .. .. .. 

30-7 

” n 

. 28-0 


nitrate 

6-5 

„ nitrate 

5*0 


chloride 

3-0 

>, sulphate .. 

. . 20*4 


>» .» >• •• •• 

1-3 

Magnesium sulphate 

. 49-0 


citrate 

12-2 

Sodium chloride .. 

. 1-0 


sulphate 

22-4 
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The cha»cter of animal char differs greatiy; that of thoroughly good quality is of black 
colour, and is entirely free from the appearance of incipient fusion or glazing on the surface. If 
this glazing is visible, it indicates a very inferior quality in the sample. The charcoal should not 
contain any undue proportion of white or grey particles, which result from excessive burning or 
access of air during the process. It should be tolerably uniform in size, according to the sized 
grain at which it is bought, and hard enough to resist the necessary handling to which it must 
be subjected. 

The process of revivifying (see pp. 1923-6), consists in washing the char with hot water, 
which removes the traces of sugar which are left, and occasionally, though not always, washing 
it with dilute acids, so as to remove any excess of carbonate of lime which may be present in 
it ; and after this washing or washings, calcining it in a closed retort in a similar way to that in which 
it was first calcined. If the washing is not carried far enough, the ignition of the residual sugar 
produces an increased amount of carbon, and so injures the quality of the revivified char. The 
heat employed in the revivification must be sufficient to perfectly char any organic matter which is 
present; the consequence is that in this burning process an additional quantity of inert non- 
nitrogenous carbon is deposited in the body of the grain, which not only makes the char itself more 
dense, but decreases the amount of cellular particles, and diminishes its decolorizing power. It is 
generally possible to distinguish old char from new char by the proportion of carbon present.- The 
following table (from Tucker) gives a series of analyses of char which had been used in a refinery 
for different periods 


Moisture.. 
Carbon . . 
Carbonate of lime 

Iron 

Insoluble matter 
Sulphate of lime 
Sulphide of cal-\ 
cium .. 

Lb. per cub. ft. 
Decolorizing 
power — per 
cent, of colour 
absorbed from ’ 
a sugar solu- 
tion 


Average 
of new 
blucic. 

April 4. 

.May 1. 

C4 

g- 

S 

June 3. 

July 12. 

Aug. 7. 

Sept. 20. 

Oct, 15. 

Nov. 6. 

Dec. 1. 

Dec. 8. 

00 ® 

= 2 
ei 
>-5 

3-37 

0 68 


.. 








8-05 

7-65 

8-05 

8 -.38 

8-74 

9-62 

9-15 9-44 

9-59 

9-8910-07 

10-07 10-01 

6-71 

5-03 

5-47, 6-11 

5-40 

4-86 

4-34 4-21 

4-33 

4-12 4-08 

4-16 

4-14 

0-18 

0-21 

0-21 

0-23 

0-19 

0-24 0-20 0-25 

0-32 

0-.S4 0 32 

0-33 

0-36 

0-43 

0-45 

0-46 

0-58 

0-26 

0-48, 0-44 0-38 

0-34 

0-44 0-33 

0-63 

0-42 



0-35 


.. 

0 49 

0-34, 0-44 


0-49 0-31 

.V 

.. 









.. 

** 

0-41 


42 ■ 70 49 • 90 51 • 30 52 • 90,52 • 90 53 • 90,51 • 90 56 • 40, 


58 -20 


.. 54 -00 52- 70' 


[ 


55 -50 55 -30 ,58 -sol 

I 


52-30 51 -80 51-80 13-6047-60 


;61-7058-70 


48 -oo: .. 


Nitrogen in a state of combination is present in almost all good char. It is difficult to under- 
stand why it should be so important in connection with the value of the char for purifying purposes; 
still it is seldom that char which contains a very small proportion of nitrogenous matter will be 
classed as efficient or useful for practical work. 

Analysis of Animal Charcoal. — For determination of water, dry for 3-4 hours until the sample 
ceases to lose weight. For determination of carbon, weigh 4 or 5 (/™. of the finely powdered char, 
transfer to a flask, and boil with about 70 cc. of dilute hydrochloric acid (1 of acid to 1 of water) ; 
dilute with hot distilled water, settle, and decant on to a taied filter; wash the sediment 2 or 3 
times with very dilute acid, passing the washings through the same filter, and finally wash the 
carbon in the usual way on to the filter. After washing on the filter until the washings are no 
longer acid, dry the filter at 100° (212° F.), until it ceases to lose weight, and weigh ; then transfer 
the filter to a weighed crucible, ignite, and reweigh. The loss of weight is the amount of carbon, 
plus the volatile matter and the filter itself; while the residue left in the crucible is the fixed ash 
of the filter, plus the insoluble ash of the char. 

The determination of carbonate of lime is very frequently necessary in dealing with char ; the 
instrument usually adopted for this in sugar-refineries is Scheibler’s calcimeter. This apparatus 
is not very accurate, but the results are to be relied upon within 0-2-0-3 per cent., and therefore 
sufficiently near for ordinary work in refineries. The apparatus is shown in Fig. 1425, and consists 
of the following parts. The evolution-flask, in which the sample of char is treated with hydro- 
chloric acid, is placed in the glass tube S- This flark is shown in two positions, one in the stand 
on the base-board, and the other when lifted in the hand during the process of analysis. The glass 
stopper of the flask A is perforated, and carries a tube to which is joined an indiarubber tube r, 
connecting the flask A with the bottle B. This bottle B has an indiarubber stopper with 3 holes, 
each fitted with a tube ,- the tube j^ned to r stands a short distance inside the vessel B, and the 
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neck of it has listened to it a thin indiarabber bag or bladder, similar to those commanly used for 
making toy balls. Tubey has a piece of indiarubber tubing connected with it, which is closed by 
a pinchcock while the estimation is being made, and serves to bring the vessel B into commnniea- 
tion with the air when necessary. The glass tube « connects the interior of the vessel B with the 
top of the graduated tube C, which is divided into 25 equal parts (about 4 cc. each), each 
division being subdivided into tenths; the lower part of this is in communication with the 
straight tube D, which is 

open at the upper end, and 1 + 25 . 

closed at the lower end by 
an indiarubber cork pierced 
with two holes, through one 
of which is passed a pipe 
leading from the graduated 
tube C and through the 
other tube to the two- 
necked Wolff-bottle E, the 
action between the two being 
regulated by the pinchcock 
P. E is a reservoir for water, 
and C D are filled from it 
by blowing through the 
flexible tube 5, the pinch- 
cock P preventing the reflux 
of the water. The whole 
apparatus excepting the 
bottles is fastened to an up- 
right board, and the bottles 
-are supported when neces- 
sary on a shelf attached to 
the board. 

The test of a sample of 
char is carried out in the 
following way. By blowing 
through the flexible tube b, 
the liquid is forced into the 
tubes 0 D until it reaches a 
little above the zero point 
in C, when it is allowed to 
fall by opening P imtil the 
level in C is at zero. The 
water must not be allowed to 
flow into B, as if this were 
done it would be necessary 
to take the apparatus to 
pieces to dry B. A sample 
of the char is pulverized, 
and the normal weight, viz 1-702 grm. is placed in the flask A, carefully dried before use, 
and the small test-tube S, fiUed with dilute hydrochloric acid of sp. gr 1-120 is cautiously 
placed in the flask, so that none of the acid shall be spilt. The stopper, which should be well 
greased, is now placed in A, and connection made with B by means of the tube r If the levels 
of the liquids in D and C are unequal, tlie cock g must be opened for a few seconds to allow 
them to recover their normal level. The vessel A is now lifted from the shelf into the upper 
posiUon shown, so that tlie acid may flow out of the tube and come into contact with the char - 
the flask being gently shaken causes the acid to mix thoroughly with the sample. The gas 
evolved escapes into the indiarubber bag contained in the flask B, which forces air up the eapilW 
tube n, and depresses the column of water in the graduated tube C. The stopcock P is now 
cautiously opened, so as to let the water in the tube D flow out, keeping the levels^water in the 
two tubes as nearly as possible alike. When all the gas has been given off, and the level of the 
liquid in the tube 0 becomes stationary, the liquid in the two tubes is brought to the same level 
by opening the pinchcock P, and the volume and temperature are read off. The following table 
gives the percentage of carbonate of lime found corresponding to each division as read off on 
this instrument when the normal weight has been used, with the proper corrections for tempera- 
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tore (in degr^s C.). The nse of this determination in practical work is for the purpose of enabling 
a refiner to remove the carbonate of lime by washing with dilate acid. It may be assnmed that 
7 per cent, is the normal amount of carbonate of lime contained in animal char, and this table gives 
the quantities of commercial hydrochloric acid containing 33 '3 of real acid necessary for the 
purpose of removing any excess of carbonate of lime which may be found. 

Table fob OALCULATiifG the Percentage op Carbonate op Lime from the Volume op 
Carbonic Acid ; fob use with Scheibleb’s Calcimeteb. 


Volume, 

read. 


12 ° 


13° ' 14° 15° 16° 


17° 


18° 


19° 


20 ° 


21 ° 


23° 24° I 25° 


26° 


27° 


28° 29° 


30° 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

H 

12 

13 

14 

15 

16 
17 
13 

19 

20 
21 
22 

23 

24 

25 


•80 


1 

2 

4 

5 

6 

110 

111 

12 

13 

14 
;i5 
|16 

17 

18 
119 
20 
21 
22 
[23 
24 
[25 


95| 

01 

07j 

11 

14| 

17| 

19 

2010 

20'll 

20 12 
20'l3 
20 14 
20 15 
2016 
20 17 
2018 
20jl9 
20 20 
2021 
20 22 
20 23 
20|24 
20|25 


'80 
•87 1 
94 2 
00 3 
■05 5 
09; 6 

12 7 

14 8 
16 9 
16 10 

15 11 
■15112 
14,13 
14 14 
1315 

13 16 
12 17 
12 18 
11 19 
11:20 
10,21 
1022 
09,22 
09i23 
08,24 


79 • 

86; 1' 
92 2 

98 3- 
03; 5' 
06 6- 

09 7- 

11! g. 

12 9- 
12 10 ' 

10 11 * 
09 12- 
08|13' 
07 14- 
06 14- 
05 15- 
04 16- 
03 17- 
03 18- 
02 19- 
01 20 * 
00 ' 21 ' 

99 22- 
98 23* 
97 24* 


79 

86 1 
91 2 

96 3 

00 4 
03 6 

06 7 

07 8 
07 9 
07 10 
05 11 
03 11 
02 12 

01 13 
99 14 
98 15 

97 16 
95 17 
94 18 
93 19 
91 20 
90 21 
88 22 
87 23 
86,24 


79| 

85, 

90| 

94| 

■98: 

Oil 

02 ' 

03' 

03 8 
02' 9 
0010 
9S;11 
96|l2 
94!l3 
9214 
9l|l5 
89116 
87:17 
8518 
83 19 
31 20 
80 21 
78 22 
76 23 
74 24 


‘78i 


•78! 

1-83’ 1 
89' 2-87: 2 
93 3*9l| 3 
96, 4*93, 4 
98 5*95 5 
99! 6‘96| 

00 7*96| 
99, 8*95 
98 9*93! 

95 10* 

92 11 -S?-!! 
90 I2*84ll2 
88 13*81 13 
85 14*78 U 
83 15*76 15 
81 16*73 16 
79 17*70 17 
76 18*67 18 
74 19*65 19 
72 20*62 20 
70 21*59 21 
67 22*66 22 
65 23*54 23 
63 24*51 24 

I I 


771 • 
82' 1 
861 2- 
89; 3* 


9i; 

92| 5 
92 6 
921 7 
90' 8 
88| 9 
8410 
dMl 
78|l2 
75 13 
7 i! 14 
681 15 
6616 
62 17 
69|l8 
55 19 
52|20 
49 21 
46 22 
43 23 
39'24 


•77 


79 10 
75 11 
72'l2 
68113 
64[14 
61 15 
59:16 
53,17 
50 18 
46']9 
42:20 
39'21 
35 22 
31'23 
28 24 


1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
|15 

!i6 

17 

13 

19 

20 
21 

24*22 

20 I 23 

16 24 

! 


76 

•79 1 
■82 2 
83 3 
■84| 4 
-831 5 
-82| 6 
•8O' 7 

■ 77 : 8 

■73 9 
■68 10 
64 11 
•59 12 
-54 13 
•50'l4 
•45,15 
•4116 
•36,17 
•3118 
■27 19 
•22 20 
•17'21 
•13 22 
08,22 
•04 23 


76 

•79 1 
■80 2 
81i 3 
•81; 4 
■811 5 

• 79 ' 6 
76' 7 
73 8 
■68 9 
63 10 
•58 11 
53 12 
•48 13 
•42 14 
•37 15 
32 16 
•27 17 
•22 18 
17 19 
•12 20 
■07 20 
02 31 
•97 22 
91 23 


68 . 8 
63 9 
57 10 
52 11 
46 12 
4113 
35 14 
29 15 
24 16 
18 17 
1318 
07 18 
01,19 
96 20 
90 21 
85 22 
79 23 


75j * 
77, 1 
77! 2 
77 3 
76 4 
75, 5 
72 6 
681 7 
64: 8 
531 9 
5210 
46 11 
4012 

34 I 13 

27il4 
21,15 
15 16 
09117 
03 17 
97il8 
91 19 
85;20 

79I2I 

73|22 
67 23 


75 

'76 1 

76 
■75| 
•74* 
■71 


74 : 

75 1 


2*74' 2' 
3*73 3 
4*7l! 4 
5*68 5 
6*65 6 
7*59; 7 


59 : 8* 

53 9- 
46 10* 
40 11* 
33 12* 
26I13- 
20 14* 
13 15' 
07 15* 
00 16- 
94;I7' 
87 18' 
80 19- 
74'20' 
67 21* 
61,22' 

54 23* 


55 8 
4d| 9 
4l'l0 
33 11 
26 12 
19 13 
12 14 
05 14 
98 15 
91 16 
8417 
77'l8 
70 19 
63 20 
55 31 
48 22 
41 23 


74 ' ■ 

74, 1* 

73 2* 
71' 3* 
69 4* 
65i 5' 
61! 6- 
55| 7* 

50 8' 

43 9* 
35 10* 

27 11* 
20 12 ' 
1?13' 
04 13' 
97 14' 
89 15' 
82 16‘ 

74 17' 
66 18' 
59 19' 

51 20' 

44 21- 
86 22 ' 

28 23' 

I 


■73 

1*72 

2*71 

3*68 

4*65 

5*61 

6*56 

7*49 

8*42 

9‘34 

10*25 

Ill'lB 
12*07 
12 99 
13*90 
14*81 
15*72 
16*63 
17'55 
>118*46 
19*37 
20-28 
[ 21*20 
22*11 
23 ’03 


For determination of sulphate of lime, 10 grm. of the finely pulverized sample are placed in a 
porcelain basin with 80 cc. of dilute hydrochlorie acid, and heated for 1 hour on the water-bath ; the 
residue is washed into a 250-cc. fiask, diluted to the mark, and filtered ; 200 cc. of the clear filtrate, 
corresponding to 8 grm, of the original substance, are precipitated with chloride of barium, heated, 
and the precipitated barium sulphate is filtered off, the residue being washed on the filter with 
hot water slightly acidified with hydrochloric acid; the filtrate is dried, precipitated, and ignited 
in the usual way, and the residue of sulphate of barium x • 582 = calcium sulphate. For deter- 
mining calcium sulphide, 10 grm, of the powdered sample are weighed, transferred to a porcelain 
dish, and treated on the water-bath with 20 cc. of fuming nitric acid, which must be added 
cautiously, to prevent too violent effervescence. After | hour, 20 cc. more of fuming nitric acid 
and 20 cc. of pure hydrochloric acid are added, and the whole is stirred for 20 minutes longer. 
The mixture is now evaporated to dryness, and the contents of the dish are washed into a 250-vc. 
flask ; the liquid when cooled is diluted to the mark, and filtered ; 200 cc. of the filtrate, correspond- 
ing to 8 gfyn. of char, are precipitated with barium chloride, and the amount of barium sulphate 
precipitate is determined as before ; the difference between the weight of the barium sulphate in 
the two tases corresponds to the amount of calcic sulphide present, and may be calculated thus, — 
barium sulphide x *309 = calcic sulphide. 

Calcic phosphate may be estimated by cautious ignition of about 1 grm. of the finely powdered 
char, dissolving the residue in dilute nitric acid, and precipitating by magnesia solution, as in the 
ordinary determination of phosphates. Where accuracy is necessary, the precipitate should be 
redissolved after washing with water in dilute hydrochloric acid, and reprecipitating with 
ammonia. 

Determination of iron is seldom necessary, and a qualitative test is generally sufficient, the 
reactions obtained in this way being enough to show whether iron is present in sufficient quantity. 
The soluble matters are determined by boiling a quantity (preferably not less than 50 grjn.) 
of the roughly powdered char with water, decanting, boiling again, making up the liquid to a 
known volume, and evaporating half of it. The weight of the dried residue is the total soluble 
matter, and this, if cautiously ignited at a low red heat, leaves the soluble mineral matter, which 
can then be weighed. The difference is the organic soluble matter. In the other half of this 
solution, the sugar and glucose should be determined by means of Fehling solution. 

Two specific-gravity determinations are required in this case, one of tlie apparent sp. gr., 
and the other of actual sp. gr. The first is obtained by filling a flask of known capacity (say J /ifre) 
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with the sample of chwr, shaking it gently so as to ensure its being properly packed, ^nd filling up 
to the mark. The weight of the contents, after deducting the tare of the flask, as compared with 
the weight of the same flask in distilled water, gives the apparent sp. gr. of the char. The actual 
or real sp. gr. is obtained by weighing 100 grm. of the char in a tared 200-cc. flask, partially filling 
it with distilled water, boiling for some minutes to free the char from air, then cooling, filling up 
to the mark, and weighing. ' The amount of water displaced by the char is obtained by comparison 
with the actual contents of the flask, and gives the real sp. gr. of the char. 

The decolorizing power of char on sugar is determined by taking solutions of dark coloured 
sugar, and diluting them until the tint is such that they are capable of being estimated in one of 
the numerous forms of colorimeters now in use. Dnboscq’s colorimeter, which is perhaps most 
generally used, consists of two glass cylinders side by side, one of which is destined to receive the 
solution to be examined, and the other the standard liquor. Two small tubes capable of being 
moved up and down through the corks which close the tops of the larger tubes are shut at the 
bottom by clear glass plates, and passed through ttie corks. Below the larger tubes, is a mirror to 
reflect the light in a vertical direction through them, and above them are two double-reflecting 
prisms, which bring the images of the two smaller tubes side by side into the luminous fleld of 
a small Galilean telescope. In this case, the samples are worked against a standard solution made 
by dissolving caramel in water. Practically the test is best made by shaking a weighed quantity 
of the charcoal to be tested and a sugar solution of known quality, and comparing with another 
standard sample of charcoal weighed in equal proportions to the same sugar solution, then 
examining the relative decolorizing powers by any of the known colorimeters. 

mik-sugar. Characters and Milk-sugar, lactose, or lactine an isomer of 

cane-sugar, is prepared from milk, which contains about 4 per cent., in the manner described on 
pp. 190^-4 ; the product thus obtained can be further purified by passing its aqueous solution 
through animal charcoal, evaporating the water, and recrystallizing. MOk-sugar crystallizes in 
hemihedral trimetric prisms, of the composition H,0 ; by heating to 130° (266° F.), the 

crystals melt and lose one atom of water ; the anhydrous milk-sugar, which remains in the form 
of a liquid mass, solidifies into small crystals on cooling. Milk-sugar dissolves readily in weak 
acetic acid, and crystallizes again unaltered ; it is insoluble in absolute alcohol and ether, soluble 
in 5-6 parts of cold and 2J parts of boiling water. A saturated solution in water has a density of 
1'055, and contains 14' 65 per cent, crystallized milk-sugar; when concentrated, this solution 
deposits crystals so soon as it has attained a density of 1 062; it then contains 21-64 per cent, 
milk-sugar. This change in solubility is accounted for by Hesse on the supposition that the size 
of the molecules of the two modifications of milk-sugar stand to one another as 3 to 2 so that 
by boiling, the variety is produced, the molecules of which occupy ' less space The’ specific 
rotatory power for the o variety is [a]D + 80°, and for /5 variety 52-7°. Milk-sugar is charr^ by 
warm concentrated sulphuric acid; heated with the diluted acid, its optical rotatory power is 
increased, galactose (C^H.^Os) being formed; according to more recent researches, two sugars are 
formed (corresponding with dextrose and Isevulose from cane-sugar), both fermentable but 
diflfering in their solubility in alcohol, and in their specific rotatory power, though both are dextro- 
rotatory. The specific rotatory powers for the two are given as 

[uJd .. .. 92-83° I [a]D .. .. 62-63° 

Both are birotatory. 

Milk-sugar ferments with yeast, but more slowly than grape- sugar or dextrose, yielding alcohol 
and carbonic acid ; with most of the bases, it forms well defined compounds ; it does not combine 
with sodium chloride. There are two calcium compounds of it, one soluble and containing equal 
numbers of molecules of lime and sugar, the other insoluble and containing a larger propmtion 
of lime. ^ 

To determine the amount of milk-sugar present in milk, it is necessary first to remove the fat 
and caseine: the former obscures the Uquid to such an extent that it is not possible to obtain 
accurate readings if the determination is made by polariscope, nor accurate results if by means of 
Fehling solution ; and the caseine has a considerable left-handed rotation. Owing to the birotation 
which is exhibited by milk-sugar, it is undesirable to employ the optical method if it can be 
avoided, and the Fehling process is the more reliable of the two. 

The mode in which the estimation is carried out is similar to that used for glucose and invert 
sugar (see p. 1963), except that the solutions have to be heated or boiled somewhat lon»-er as the 
action does not take place so rapidly, though the volumetric or gravimetric methods may be used 

It is preferable to employ a dilute solution of mOk-siigar, say 0-1 per cent ; to a measured 
quantity while boiling, is added excess of boiling Fehling solution ; the mixture is boiled for a few 
minute', and the precipitate is allowed to settle, filtered, and treated as described on p 1945- 
1 equivalent of milk-sugar reduces 7 of cupric oxide. 
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Composit{on*of Commercial Sugars . — The following are analyses of characteristic raw and refined 
commercial sugars made in 1881, by Wigner and Harland for the Food Collection at Bethnal 
Green Museum ; — 


Kaw Sugare. 

No. 

Crystal- 

lizable 

Sugar. 

Uncrj'stal- 

iizable 

Sugar. 

Ash. 

Moisture. 

Unknown 

Organic 

Matters. 

Dominica 

5930 

88-30 

3-36 

l-'22 

4-95 

2-17 

Grenada 

5931 

87-00 

3-61 

-90 

4-74 

3-75 

Guatemala 

5932 

82-40 

5-48 

-78 

6-30 

5-04 

Havana 

5933 

91-90 

2-98 

•72 

1-70 

2-70 

Jamaica 

5936 

90-40 

3-47 

-36 

4-22 

1-55 

Porto Eico 

5940 

87 -.50 

4-84 

-81 

4-25 

2-60 

St. Kitts 

5941 

88-70 

4-18 

1-02 

2-79 

3-21 

St. Lucia 

5942 

84-20 

5-38 

1-32 

2-39 

6-71 

St. Vincent 

5943 

92-50 

3-61 

-63 

•81 

2-45 

Surinam 

5947 

86-80 

4-31 

2-28 

5-27 

1-34 

Trinidad 

5948 

88-00 

5-14 

-96 

4-23 

1-67 

Grainy Peruvian 

5949 

94-80 

1-44 

•60 

1-02 

2-14 

Cheney 

5951 

87-40 

3-18 

1-33 

2-74 

5-35 

China 

5952 

72-50 

9-19 

1-80 

6-76 

9-75 

Benares 

5957 

94-50 

2-6 

1-50 

•98 

•39 

E. I. Date 

5960 

86-00 

2-19 

2-88 

6-04 

2-89 

White Java 

5961 

99-20 

-20 

•20 

•40 

trjica 

Uuclayed Manilla 

5962 

82-00 

6-79 

2-00 

5-97 

3-24 

Eefined Sugars — 







Tate’s ervstals 

5973 

99-90 

none 

trace 

trace 

none 

French pulverized 

5983 

99-70 

trace 

•10 

•20 


Martineau 

5984 

99-70 

,, 

•10 

•20 


Duncan’s granulated 

5985 

99-80 


•10 

•10 


Say’s loaves 

5987 

99-80 


•10 

•10 


Martineau’s tablets 

5988 

99-80 

none 

•10 

•10 

„ 

Boyd titlers 

5989 

99-70 

trace 

•10 

•20 


Beet-sugar loaf 

6074 

99-60 

♦> 

•Jo 

*25 


„ crystals 

6076 

99-90 

none 

trace 

trace 

»» 


G. W. W. & B. H. H. 

Pboduction and Commerce. — Abyssinia. — Our imports thence of unrefined sugar were 1880 cwt., 
24301., in 1877. 

Argentine Sepublic. — The provinces of Tucuman and Santiago, in the central part of the 
Eepublic, have lately imported much English machinery for sugar-making. The annual crop has 
a value of about 150,000/. 

Australia. — The area occupied by sugar-cane in 1879 was 17,652 acres in Queensland, and 7778 
in New South Wales. S. Australia is also entering on the culture. Queensland exported 5500 tons 
of sugar in 1880, the total crop amounting to over 20,000 tons. We imported 4525 cwt. of molasses, 
value 1628/., from New South Wales in 1880. 

Austro-Bungary. — The beet-crop in 1880 was 32,968,757 met. centners (of llOJ lb.). The 
exports were : — Kefined sugar : 675,000 met. cent. ; raw : 1,624,000 met. cent. 

Belgium. — Our imports therefrom of refined and candy were 35,775 cwt., 62,739/., in 1877 ; 
108,313 cwt., 155,340/., in 1880. Unrefined; 578,931 cwt., 621,945/., in 1876; 493,349 cwt., 
540,241/., in 1880. 

Borneo. — In 1863, 200 acres were planted with cane ; and in 1865, 10,000 dol. worth of sugar 
was exported. 

Bourbon. — Cane acreage, 43,672 hectares (of 2J acres) in 1874 ; exports to Prance in same year, 
8,876,298 kSo. We imported thence 14,750 cwt. unrefined sugar, 16,880/., in 1877. 

Brazil. — The sugar-cane grows throughout Brazil, but chiefiy in the provinces of Kio Janeiro, 
Sao Paulo, Bahia, Pernambuco, Parahiba, Ceara, Alagoas, and Bio Grande del Norte. Central 
factories are being widely established. The exports were : — From Maceio, in 1880, 366,443 bags 
(of 170 lb.), chiefly to the Channel and New York. Aracaju : 32,608,750 hilo. (of 2’2 lb.) in 1877, 
19,422,075 in 1878, 15,871,240 in 1879 ; in the last year, 3,162,792 kilo, were white sugar, value 
64,076/., and 12,708,450 kilo, brown, value 177,968/. Pernambuco: 1626 tons, 17,670/., in 1871; 
10,278 tons, 117,860/., in 1877; 9920 tons, 106,610/., in 1880. Ceara; 48,846 bags in 1876, 560 in 
1878. Total Brazilian exports ; 206,682,123 4i7o. in 1874-5; 146,857,810 in 1878-9. Our imports 
from Brazil were; — Unrefined; 1,860,707 cwt., 1,692,088/., in 1879; 1,484,924 cwt., 1,512,709/., 
in 1880. • * 
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Canada. Both beet and aorgbnm growing are commencing to attract attention id Canada, where 

the climate is found to be well adapted to sugar raising. As yet there are no exports. 

Cape Colony. — Our imports thence of unrefined sugar were 13,513 owt., 13,352/., in 1876 ; 
45,277 owt., 47,486/., in 1880. 

Cayenne.— The cane acreage in 1874 was 235 hectares (of 2i acres). The annual production has 
fallen to about 250,000 kilo, (of 2 ' 2 lb.). 

Central Amenca.— Our imports thence of unrefined sugar were 15,552 owt., 18,228/., in 1877 ; 
1738 cwt., 1737/., in 1880. 

Chili. Our imports thence of unrefined sugar were 29,590 owt., 29,672/., in 1876 ; 79,658 cwt., 

90,766/., in 1880. 

China. ^The total annual production is estimated at 200,000 tons, mainly from cane. There 

are two refineries in Hong Kong, and a third at Swatow, drawing supplies from China, Cochin 
China, the Philippines, Straits Settlements, and Jaya. Our imports of unrefined sugar from China, 
including Hong Kong and Macao, were 1,115,758 cwt., 1,150,653/., in 1877 ; 359,821 cwt., 301,307/., 
in 1880. 

Colombia . — The sugar-cane is grown in Carthagena province to a limited extent. Our imports 
thence were Unrefined : 31,772 cwt., 31,567/., in 1876 ; 17,919 cwt., 20,277/., in 1880. 

Danish W. Indies . — Our imports of raw sugar thence were 3 cwt., 3/., in 1876, and 52,113 cwt., 
63,859/., in 1880. 

Egypt . — ^Nearly 100,000 acres are under cane. The values of the exports in 1880 were : — 
320,554/. to Great Britain, 284,273/. France, 123,542/. Italy, 35,465/. Turkey, 700/. Greece, 22/. 
Austria, 11,196/. other countries; total, 775,752/. Our imports thence were: — Kefined and 
candy: 8840 cwt., 11,340/., in 1876; 59,474 cwt., 78,465/., in 1880; unrefined: 220,459 cwt., 
204,220/., in 1876 ; 195,217 cwt., 229,381/., in 1880 ; molasses : 1212 cwt., 360/., in 1879 ; 30,057 cwt., 
9408/., in 1880. 

France. — The annual production of beet-sugar is about 400 million kilo, (of 2' 2 lb.), requiring 
8 million tons of beet. The imports of sugar axe about 180 million kilo. ; the local consumption, 
270 million. In 1875-6, 525 factories made 449 million kilo. ; in 1879-80, 509 made 278 million ; 
in 1880-1, the make was 320 million. The exports were : — From Calais : raw French, 298,922 
kUo. in 1879, 11,614 in 1880 ; refined, not French, 24 in 1879, 108,709 in 1880 ; Dunkirk : sugar, 
15,689,947 kilo, in 1879, 15,014,370 in 1880 ; glucose : 2,722,048 in 1879, 70,473 in 1880 ; aU to 
England ; Nantes : in 1880, 8,402,800 kilo, refined sugar, to England, Spain, Turkey, Chili, and 
Switzerland ; and 236,274 kilo, treacle to Norway. Our imports from France were : Befined and 
candy: 2,313,676 kilo., 3,391,378/., in 1878; 1,586,416 Ai/o., 2,342,912/., in 1880; unrefined: 698,201 
kilo., 707,929/., in 1876; 115,298 kdo., 136,089/., in 1880. 

Germany. — The 1879-80 beet crop gave the following result : — Factories working, 328 : 291 by 
dififusion, 28 by presses, 8 by maceration, 1 by centrifugal ; beet used, 4,628,748 tons ; yield of 
washed and topped roots, 25 "2 kilo, (of 2’2 lb.) per hectare (of 2J acres) ; yield of masse-cuite, 11-54 
per cent.; yield from 100 kilo, of masse-cuite, IS- 85 kilo, sugar, and 23-70 molasses; 100 Ai/o. of 
sugar required 1174 kilo, of roots. Our imports from Germany were :— Befined and candy : 
30,976 cwt., 48,562/., in 1876 ; 244,645 cwt., 339,969/., in 1880 ; unrefined : 1,516,233 cwt, 1,688,786/., 
in 1876 ; 4,384,268 cwt., 4,728,916/., in 1880. The receipts of raw sugar at Hamburg were:— 


Whence received. 

1876. 

1877, 

1878. 

1879. 

1880. 


cwt. 

cwt 

cwt. 

cwt. 

0 

cwt. 

Interior of Germany .. 

1,500,597 

1,548,745 

1,977,488 

2,467,966 

4,379,716 

Brazil 

7* 

22,181 

566 

19,237 


Porto Bico 

5* 

15,881 

15,778 

5,111 


Great Britain 

Cuba 

12,146 

4,822 

16,928 

df 

7,078 

* 

9,649 

♦ 

, Seawards 

Holland (by sea) .. 

12,320 

2’9,666 

9,739 

'3,185 

127,946 

Dutch East Indies 

23,584 

67,436 

32,042 

53,902 


Other countries 

14,500 

9,878 

3,042 

4,412 


Total 

1,567,981 

1,710,715 

2,045.733 

2,563,462 

4,507,662 


* In these years a total feilure of the crop occurred. 


Guatemala . — The exports of good sugar in 1879 were :— 52,500 quintals (of 110 lb.) to England, 
68,550 to California, 10,000 to S. America, 3000 to Central American States. Of common sugar, 
in the same year : — 49,650 to England, 38,100 to New York, 53,700 to California, 19,900 to Central 
American States. Totals, 134,050 quintals, 13,405 dol. (of 4s. 2d .) ; and 161,350 quintals, 5647 dol. 
Escuintla is the centre of the principal sugar-growing district. 

Guiana.— The cane acreage in May 1881 was 40,877 acres in Demerara, 18,286 in Essequibo, 
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15,294 in Berbice. The exports in 1880 were : — From Demerara, 69,682 hhds., 8228 tierces, 2321 
bar. sugar ; 16,976 casks molasses. Berbice : 1247 hhds., 37 tierces, 381 bar., 34,895 bags sugar ; 
25 puns, molasses. Our imports thence were: — Kefined: 11 cwt., 191., in 1877; 16,338 cwt^ 

22,8511., in 1880; unrefined; 1,569,893 cwt., 1,920,7691., in 1876; 1,327,084 cwt., 1,778,4811., in 
1880 : molasses : 2034 cwt., 7651., in 1876 ; 20,888 cwt., 10,1891., in 1880. 

Holland . — Five years’ commerce in raw and refined sugars, in Netherlands lb. (of 2 ’2 lb.), 
was : — 



1875. 1 

1876. 

1877, - j 

1 1878. 

1879. 

Imports, raw 

Exports 

„ refined .. .. j 

N. lb. 

62.700.000 

17.556.000 
76,778,400 

N. lb. 

69.900.000 
29,000,000 

74.800.000 

N. lb. 

58.500.000 
16,000,000 

62.500.000 

N. lb. 

59,000,000 

18,800,000 

64,400,000 

N. lb. 

43,000,000 

21.300.000 

63.800.000 


Of 45,852,681 N. lb. of refined exported from Amsterdam in 1879, 32,639,733 N. lb. came to 
Fngland. Our total imports from Holland of refined and candy were 647,605 cwt., 929,9851., in 
1876; 876,471 cwt., 1,275,7171., in 1880. Unrefined; 298,440 cwt., 316,7051., in 1876; 205,601 
cwt., 223,9001., in 1880. 

Honduras. — Cane-sugar is easily produced here at 101. a ton, and the rate of 2 tons per acre. 
Canes ratoon well for 10-12 and even 20 years. The area under cane is over 10,000 acres. The 
exports were 177J tons in 1862, 2203 in 1872. Our imports thence of unrefined were 36,656 cwt., 

32.0781., in 1876 ; 18,207 cwt., 18,2731., in 1880. 

India. — The area under sugar-cane in British India is over IJ million acres, chiefly in the 
N.-W. Provinces. The exports were 1,144,467 cwt., 999,5031., in 1877 ; 368,566 cwt., 350,4251., in 
1879. Our imports of unrefined sugar were : — Madras: 150,484 cwt., 112,4111., in 1879; 487,048 
cwt., 349,8031., in 1880. Bengal and Burma : 558,139 cwt., 646,8441., in 1877 ; 25,851 cwt., 27,1131., 
in 1880. 

Jam . — Cane acreage, about 70,000 acres. Crop of 1879, 3,933,000 piculs (of 135 J lb.); 1880, 
3,294,500. Exports of 1879 crop: — 2,356 530 piculs to Channel for orders, 329,053 Holland, 
328,967 Australia, 284,458 America, 161,971 France, 35,975 Persian Gulf, 35,125 Singapore, 19,088 
Lisbon for orders, 12,133 China, 10,403 Cadiz for orders, 2164 Siam; total, 3,575,867. Our 
imports from Java were: — Unrefined; 1,215,800 cwt., 1,400,9811., in 1876; 1,763,522 cwt., 

2.226.2251., in 1880. 

Mauritius. — In 1876, the export of home-made sugar was 115,801 tons; in 1877, 136,292; 
in 1878, 128,329. Our imports tlience of unrefined sugar were 1,205,354 cwt, 1,747,1471., in 
1877 ; 120,516 cwt, 137,0211., in 1880. 

Mexico . — Our imports thence of unrefined sugar were 30,560 cwt., 32,5321., in 1876 ; 94,879 cwt., 

98.1131., in 1880. 

Natal. — The 1881 crop was estimated to produce 15,000 tons of sugar. Plant canes give 
2J tons sugar per acre, and 1st and 2nd ratoons, 1 J tons, on the average. Our imports thence of 
unrefined sugar were 22,189 cwt., 22,0271., in 1876 ; 31,405 cwt., 29,2341., in 1880. 

New Zealand. — Beet has been grown in the Waikato district yielding 15 per cent, of sugar, and 
a German company are erecting a factory to make 10,000 tons of sugar per annum. 

Pacific islands . — The Sandwich Islands produce yearly about 30 million lb. of sugar, and 
500,000 gal. molasses. Fiji had 1838 acres under cane in 1879. Tahiti has about 300 acres under 
cane. 

Peru . — Annual production, about 100,000 tons of cane-sugar. The crop is remarkably certain. 
The exports were 60,000 tons in 1875, over 70,000 in 1876. Our imports of umefined sugar thence 
were 1,000,987 cwt., 1,128 0621., in 1880. 

Philippines. — The sugar-cane is grown in Negros, Panay, Cebu, Luzon, and nearly every part of 
the Archipelago; the best sugar is from Pampanga and La Laguna, the worst from Taal or 
Batangas. The 1880 exports were 1,581,188 piculs (of 1394 ll>-) Manilla, 1,004,394 from 
Yloilo, 321,574 from Cebu; total, 2,907,156 piculs, 2,620,0001. Our imports thence of unrefined 
sugar were 1,027,365 cwt., 894,0061., in 1876 ; 1,175,140 cwt., 983,5901., in 1880. 

San Hominsro.— Exports in 1880 ;— Sugar : 3138 tons to the United States, 134 W. Indies, 25 
Great Britain ; total, 3297 ; molasses ; 172,440 gal. United States. The actual total exports were 
at least 5000 tons, and cane-culture is spreading. 

Servia. — A Russian company is about to introduce the culture of beet and manufacture of 
sugar. The climate promises success. 

Siam. — Naclionyhaisi and Petno are the chief sugar districts, but the cane is also grown at 
Paklat, Bangpasoi, Chantibon, and Petchabure, to a consideiable extent. The exports were 
101,307 piculs (of 133| lb.) in 1870. Ou# imports of unrefined were 20,107 cwt., 23,110.'.,»iu 1877. 
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Spain. — sngar-cane is cultivated in Spain on that portion of the Andalusian coast which 
lies between 36° and 37° N. lat. The area is very limited. Beet is about to be introduced. 

Straits Settlements. — Our imports thence of unrefined sugar were 101,219 cwt., 83,7621., in 1876 ; 
195,527 cwt., 159,1551., in 1880. 

Surinam. — In 1879, the cane acreage was 4389 hectares (of 2J acres) ; the crop yielded 11,023,130 
kilo, (of 2'2 lb.) of sugar, and 2,501,928 litres (of 1 j pint) of molasses ; the exports were 11,633,892 
kilo, of sugar, and 1,936,802 litres of molasses. Our imports thence of unrefined sugar were 81,232 
cwt., 85,7341., in 1876 ; 74,959 cwt., 86,0691., in 1880 ; molasses: 642 cwt., 3011., in 1876 ; 2307 cwt., 
8461., in 1880. 

United Kingdom. — ^No sugar is at present produced in the United Kingdom, but beet-sugar was 
largely made at Lavenham, Suffolk, a few years since, and the industry will probably be revived 
at no distant future. For beet-culture in England, see pp. 1832-4, for sorghum-culture, p. 1914. 

Starch-sugar and brewing compounds are largely manufactured in London ; and extensive 
sugar-refineries exist in London, Bristol, Greenock, &c. 

Our imports in 1880 were Befined and candy : from France, 1,586 416 cwt., 2,342,9121. ; 
Holland, 876,471 cwt., 1,275,7171.; Germany, 244,645 cwt., 339,9691.; Belgium, 108,313 cwt.i 
155,3401.; United States, 103,396 cwt., 161,3841.; other countries, 116,833 cwt., 161,5501.; total, 
3,036,074 cwt., 4,436,8721. Unrefined: Germany, 4,384,268. cwt., 4,728,9161.; British W. Indies, 
2,578,971 cwt., 2,738,3221.; Java, 1,763,522 cwt., 2,226,2251. ; Brazil, 1,484,924 cwt., 1,512,7091. : 
British Guiana, 1,327,084 cwt., 1,778,4811. ; Philippines, 1,175, 140 cwt., 983,5901.; Peru, 1,000,987 
cwt., 1,128,0621. ; Spanish W. Indies, 640,810 cwt., 770,6731. ; Belgium, 493,349 cwt., 540,2411. ; 
Madras, 487,048 cwt., 349,8031. ; China, 359,821 cwt., 301,3071. ; Holland, 205,601 cwt., 
223,9001.; Straits Settlements, 195,527 cwt., 159,1551.; Egypt, 195,217 cwt., 229,3811. ; Mauritius, 
120,516 cwt., 137,0211.; France, 115,298 cwt., 136,0891.; Mexico, 94,879 cwt., 98,1131. ; Chili, 
79,658 cwt., 90,7661. ; British S. Africa, 76,682 cwt., 76,7201. ; Dutch Guiana, 74,959 cwt., 86,0691. ; 
Danish W. Indies, 52,113 cwt., 63,8591.; Bengal and Burma, 25,851 cwt., 27,1131.; Honduras, 
18,207 cwt., 18,2731. ; New Granada, 17,919 cwt., 20,2771. ; otlier countries, 33,262 cwt., 32,8981. ; 
total, 17,001,613 cwt., 18,457,9631. Glucose, solid or liquid: Germany, 218,745 cwt., 213,1661. ; 
United States, 100,467 cwt., 91,0631.; France, 70,151 cwt., 69,7331. ; other countries, 16,397 cwt., 
13,7751.; total, 405,760 cwt., 387,7371. Molasses: United States, 92,000 cwt., 39,6851.; British 
W. Indies, 42,476 cwt., 16,9371.; Egypt, 30,057 cwt., 94081.; British Guiana, 20,888 cwt., 
10,1891.; Germany, 3515 cwt., 15711 ; Mauritius, 3475 cwt., 13791.; other countries, 19,130 cwt., 
70821.; total, 211,541 cwt., 86,2511. 

Our exports in 1880 were : — Befined and Candy : Portugal, Azores, and Madeira, 28,031 cwt, 
36,8151. ; Malta and Gozo, 17,103 cwt, 23,3381. ; Channel Islands, 15,411 cwt, 22,6661. ; 
Australia, 13,039 cwt., 19,4701.; Argentine Bepublic, 8742 cwt, 12,9721.; Gibraltar, 7635 cwt, 
10,6631. ; Turkey, 5218 cwt., 75901. ; France, 3712 cwt., 45811. ; Boumania, 3426 cwt, 51081. ; 
British S. Africa, 3221 cwt, 52101. ; Norway, 2166 cwt, 33231. ; Persia, 2005 cwt., 27541. ; 
Morocco, 1456 cwt., 21301.; China, 1157 cwt., 27031. ; Italy, 1149 cwt., 15401.; other countries' 
11,771 cwt., 16,9241. ; total, 125,242 cwt, 177,7871. Unrefined Beet-sugar : Portugal, 12,132 cwt., 
17,0201. ; other countries, 2842 cwt, 37381. ; total, 14,974 cwt., 20,7581. Cane and' other sorts :' 
Denmark, 71,108 cwt, 82,7031. ; Portugal and Azores, 60,977 cwt., 71,4651.; Sweden, 41,312 cwt., 
53,3711. ; United States, 38,960 cwt., 42,6341. ; Belgium, 21.581 cwt, 24,7051. ; Hol'land, 19,935 
cwt, 22,5581. ; Germany, 15,554 cwt, 17,9471. ; Italy, 10,949 cwt., 14,9161. ; France, 9200 cwt, 
12,0491. ; other countries, 9085 cwt., 11,3371. ; total, 298,661 cwt, 353,6851. Glucose’: ,\ustralia,’ 
23,075 cwt., 21,8001.; other countries, 770 cwt, 8071.; total, 23,845 cwt, 22,6071. Molasses’: 
British N. America, 13,457 cwt., 916.51. ; Norway, 9938 cwt., 50151. ; other countries 15 631 
cwt, 94351.; total, 39,026 cwt, 23,6151. ’ ’ 


United Stales.— Cane-sugar is mainly produced, but also beet-, maple-, melon-, and sorghum- 
sugars, as weU as very large quantities of starch-sugar. The home growth of cane-suoar in 1870 
was 80 million lb., and of maple, 28 million. The New York imports of sugar in 1880 were •— 
Foreign direct, 555,553 tons; melado, 6239 ; Texas, 895; Louisiana, 5260; other coastwise 51CT- 
total, 573,114 tons. Of molasses :— Eoreign direct, 10,393,585 gal. ; Louisiana, 4,382 595 • other 
coastwise, 73,580 ; total, 14,849,760 gal. Exports : Molasses, 2,626,947 dol. worth • sugar’ 59 ^8 432 
dot worth. Our imports thence were:— Befined sugar: 439,914 cwt., 624 6701’ itl 1879- 
103,396 cwt., 161,3841., in 1880 ; unrefined: 4623 cwt., 50561., in 1878 • 14 796 cwt ’l4 iV 
1880 ; molasses : 511,699 cwt., 186,219/., in 1879 ; 92,000 cwt., 39,685/,, in 1880 ^ ^ ^ 

Venezuela.— rhe 1873 crop of cane-sugar was about 5,000,000 lb.” The exnorts from 
Cabello in 1879 were 38,760 kilo, (of 2-2 lb.) to Holland. ^ ™ 

W. Indies.-i:he areas under cane culture are as foUows :-Jamaioa, 47,565 acres - Barbados 
35,000 acres; Martmique, 19,314 hectares (of 2J acres). Sugar production :—Barba’dos 37 40ft 
hhds. ; Trinidad, 59,000 ; Grenada, 3800 ; St. Vincent, 9000 ; Tobago, 4000 ■ Santa L^cia 
10,200; Martinique, 75,000; Dominica, 3700 ; Guadeloupr, 35,088,944 «lo. ; Antigiia 7700 hhds ’ 
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St. Kitts, 10,600 ; Porto Eico, 140,030,000 lb. ; Jamaica, 29,074 hhds. Exports : Barbados, 1880, 
54,217 hhds. sugar, 31,791 puns, molasses ; Jamaica, 1874, 28,398 hhds. sugar ; Dominica, 1871, 
66,220 cwt. sugar, 94,015 gal. molasses ; Montserrat, 1871, 1891 hhds. sugar, 466 puns, molasses ; 
Trinidad, 1874, 99 million lb. sugar, IJ million gal. molasses ; St. Croix, 1873, 10 million lb. sugar, 
350,000 gal. molasses; Porto Eico, 1873, 101,195 tons sugar, 6 million gal. molasses; Cuba, 1873, 
714,960 tons sugar, 189,333 tons molasses. Oar imports from the British W. Indies were: — 
Unrefined ; 3,242,034 cwt., 3,056,5641, in 1879 ; 2,578,971 cwt., 2,738,322?., in 1880 ; molasses : 
137,405 cwt., 56,385?., in 1879 ; 42,476 cwt., 16,937?., in 1880. French W. Indies : — Eeflned : 28,095 
cwt., 35,411?., in 1876 ; unrefined : 116,993 cwt., 169,739?., in 1879. Spanish W. Indies : — Unrefined : 
2,260,193 cwt., 2,299,764?., in 1879 ; 640,810 cwt., 770,673?., in 1880 ; molasses : 37,303 cwt., 
15,604?., in 1876 ; 156 cwt., 35?., in 1880. 

Zanzibar. — Exported 3000?. worth in 1864. 

Consumption. — Following are approximate statistics of consumption in various countries : — 



Tear. 

Aggregate 

Consumption. 

Lb. per 
Head. 



cwt. 


United Kingdom 

1875 

18,374,543 

62-80 

HoUand 

1874 

800,000 

25-03 

Belgium 

1874 

1,000,000 

23-19 

Hamburg (imports) 

1873 

1,223,7.33 

.. 

Germany 

1874 

6,120,000 

16-60 

Denmark 

1873 

533,831 

33-30 

Sweden 

1873 

630,741 

16-90 

Norway 

1873 

193,086 

12-70 

France 

1874 

5,000,000 

15-50 

Austria and Hungary 

1874 

3,400,000 

15-10 

Switzerland 

1873 

381,295 

15-90 

Portugal 

1874 

300,000 

8-40 

Spain 

1873 

81,817 

0-54 

Eussia and Poland 

1874 

4,000,000 

5-40 

Turkey 

1874 

500,000 

3-80 

Greece 

1871 

86,800 

6-60 

Italy 

1873 

865,350 

3-60 

United States 

1873 

13,040,500 

37-80 

British America 

1875 

1,721,386 

51-40 

BrazU 

1874 

642,857 

8-00 

Peru 

1874 

570,000 

5'6l 

Eiver Plate States 

1874 

1,000,000 

43-90 

Other S. and Central American States .. 

1874 

500,000 


W. India Islands (British and Foreign) .. 

1874 

1,000,000 

.. 

N. and S. Africa 

1874 

1,000,000 

,, 

Australia 

1874 

1,713,142 

85-90 

India, China, and the Eastern and Pacific 1 
Islands j 

•• 

25,000,000 



Values. — The approximate London market values of sugars, per cwt., are : — Jamaica : fine, 20- 
25s. ; good, 19s. 6</.-24s. 6£?. ; middling, 19-24s. ; good brown, 18-23s. 6c?. ; ordinary brown, 17-22s. 
Demers»a, Trinidad, &c. : fine, 20-24s. ; good, 19s. 6d.-23s. 6c?. ; middling, 18s. 6c?.-23s. ; good 
brown, 17s. 6c?.-22«. 6c?. ; ordinary brown, 16s. 6c?.-21s. 6(?. ; crystallized, low, 23s. 6(?.-30s. ; do. 
medium, 25-31s. ; do. good to choice, 27s. 6<?.-33s. St. Lucia : good and fine, 19-24s. ; middling, 
188. 6<?.-23s. ; brown, 16s. 6<?.-22s. Barbados : low, 17s. 6(?.-24s. ; middling to fine, 19-268. 6c?. ; 
grainy, 21s. 6(?.-28s. 6c?. Antigua, 17-24s. 6<?. Concrete, 16s. 6c?.-208. Mauritius : crystallized, 
23-298. ; grainy yellow, 20s. 6c?.-27s. ; yellow, ISs. 6c?.-24s. 6c?. ; brown, good and fine, 17s. 6ci.-228. ; 
brown, low, 16-20s. 6c?. Benares, 23-25s. 6(?. Bengal date ; yellow to fine, 19-26s. 6c?. ; brown, 
low to fine, 13s. 6(?.-23s. ; Jaggery, 13-188. Penang : yellow and white, 19-29s. ; brown, 16s. 6c?.- 
22s. 6c?. ; native, 138. 6c?.-17s. 6c?. Natal, 14-29s. Egyptian : brown syrups, 15-20s. ; yellow do., 
17s. 6c?.-21s. 6c?. ; white crystallized, 25-30s. Manilla : clayed, 16-21s. 6c?. ; unclayed, 13s. 3c?.- 
18s. 6c?. Java : grey and white, 22-30s. ; brown and yellow, 17s. 6<?.-26s. 6c?. ; brown syrups, 13- 
15s. ; No. 14 to 15, afloat, 24-29s. China and Siam : yellow, 18s. 6c?.-24s. 6c?. ; brown, 14-22s. 
Porto Eico : good and fine, 20-25s. ; middling, 19-218. ; brown, 178. 6c?.-18f. 6^. Brazil : white 
and grey, 20-26s. ; yellow, 18s. 6c?.-24s. 6c?. ; brown, 15-228. Beet : French crystals, 25-27s. ; do. 
new 88 per cent., 21-25s. ; Austrian, 88 per cent., 20-25s. Eefined : Titlers, 26-34s. ; loaves, 
29-32s. ; cubes, 28-35s. ; pieces, fine, 21-31s.; do. good and ordinary, 18-26s. ; bastards, 16-238. ; 
Hamburg: crushed, 28-30s. Sd. ; treacle, 11-178.; Dutch: loaves, 25-28s. ; crushed. No. 1, 25-30s. ; 
Belgian : loaves, 26s, ; crushed, 25s. 6c?. ; Paris loaves, 26-31s. Candy, 28-428. Molasses: British 
W. Indian, 9-12s. ; Australian, 8-8s. Sc?. ; British treacle, 13-163. » 
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TANNIir (Fb., Matieres tannantes ; Geb., Geristoffe). 

The word “ tannin ” does not, as formerly supposed, denote a single definite compound, but is a 
generic name applied to a large class of organic bodies, mostly uncrystallizable, which often differ 
widely both in chemical constitution and reaction, but have the common property of precipitating 
gelatine from its solution, and forming insoluble compounds with gelatine-yielding tissues. By 
virtue of this power, they convert animal hide into the insoluble and imputrescible material 
called “leather” (see pp. 1213-40). They all form blackish-blue or blackish-green compounds 
with ferric salts, and are precipitated by acetate of lead and of copper; but these properties 
are common to many other organic substances. They give insoluble precipitates with many 
organic bases, and with a large number of metallic salts. In some cases, the tannin combines 
with the base only, liberating the acid; but frequently the salt as a whole enters into 
combination. This is the case with the precipitates formed with acetates of lead and copper. 
With alkalies, the tannins and many of their derivatives give solutions which oxidize and darken 
rapidly, usually becoming successively orange, brown, and black. A. H. Allen has shown that 
these todies also give instantaneously a deep-red coloration with a solution of potassium 
ferricyanide and ammonia. The reaction is one of considerable delicacy. 

The tannins are very widely distributed through the vegetable kingdom. They are probably 
to be regarded in most oases rather as waste products eliminated by the plant, than as todies stored 
up for future nutrition, like starch and sugar, and are enclosed in the tissue-cells. 

General Chemistry. — A large number of plants, from every part of the world, contain principles 
varying in properties and constitution, but having the common characteristics of an astringent 
taste, of precipitating gelatine from solution, and of giving a blackish coloration with persalts of 
iron. The whole class are denominated “ tannins ; ” but it is obvious that the different tannins are 
often widely distinct, and that the general statements frequently made are usually true only of certain 
individual members of the group. On the same grounds, it may also be concluded that any 
general method of analysis can only give arbitrary percentages, which afford no safe means of 
comparing tannins of different species, although it may be of considerable use in deciding the 
relative values of different samples of the same material. 

From the taimer’s point of view, tannins may be divided into two principal classes, viz. those 
which produce a light fawn-coloured deposit on leather (technically known as “ bloom ”), and 
those which do not. To the first of these, belong the tannins of gall-nuts, valonia, oak-bark, 
myratolans, sumach, and divi-divi, while the second includes cutch, gambler, hemlock, larch, 
rhatany, and mangrove, and all the varieties of mimosa. Bearing in mind that the same plant 
frequently contains more than one species of tannin (of which the different characters of the 
tannins of gall-nuts, valonia, and oak-bark, all produced by oaks, is a striking example), it will 
appear that this classification is generally coincident with an important difference of chemical con- 
stitution ; most tannins which give “ bloom ” are derivatives of gallic acid (see Acid — Gallic, pp. 50-1), 
while those which deposit insoluble red and brown colouring matters are derived from protocate- 
chuic acid, — oak-bark and valonia excepted. To the chemical student, it may be interesting to note 
that both these bodies are benzene derivatives, belonging to the “ aromatic ” group of carbon com- 
pounds, of which benzene is the simplest type. Their relation is shown by the following formula : — 


Benzene. 


Ce 


Gallic acid. 

(0H)3 = C,H ,03 

CO. OH 


G. 


Protocatechuic acid. 

(H, 

(OH), = CjH^O, 

ICO.OH 


Stenhouse attempted some years since to separate tannins into two classes, according to the bluish- 
or greenish-black which they gave with persalts of iron. It has been shown that this is dependent 
in some cases on associated impurities, and it is influenced by the amount of acidity of the iron 
solution used, gallic and gallotannic acids giving a deep green coloration with strongly acid ferric 
chloride, while with ferric acetate they give a blue- or purple-black. As a general rule, however, 
it may to stated that the tannins which give a blue- or purple-black with ferric acetate are gallic- 
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acid derivatives, and likely to give bloom to leather ; while those which give a green-black are 
derived from protocatechuic acid, and will probably yield no bloom, Gallic and pyrogallic acids 
give with ferric acetate a purple-black ; while protocatechuic and pyrocatechuic acids give a 
dark-green. 

When mtural tannins are boiled with dilute sulphuric acid, they are decomposed, generally 
yielding glucose, often also insoluble red bodies, called phlobaphenes. These bodies, when fused 
with caustic potash, give protocatechuic acid, and either acetic acid or a peculiar sugar called 
phlorc^lucine. Hlasiewetz giv^ the following table of the derivatives of tannin so treated : — 


Source of Tannin. 

Name of Tannin. 

Products on boiling with 
Sulpburic Acid. 

Gall-nuts 

Gallotannic acid 

Glucose and 

gallic acid 

Pomegranate-bark, in) 




company with gallo-l 
tannic acid in sumach, 1 

Pomegranate tannin 


ellagic „ 

myrabolans, &o. . . j 

Coffee 

Caffetannio acid 


caffeic „ 

Cinchona-bark 

Qulnatannio „ 

»» 

quina red 


Quinovatannic „ 

„ 

quinova „ 

Male fern 

Filicitanuio „ 

» 

filix „ 

Ehatany-bark 

Ehataniatannic „ 


rbatania „ 

Chestnut 

Cutoh and gambier 

Chestnut tannin 

Cateebin 

chestnut „ 

Fustic (^Morus tinctoria) 

.. 

fMaclurin or morin-l 
\ tannic acid J 


Product of the last column 

fused with Caustic Potash. 

Pyrogallic and carbonic 
acids. 

Gallic acid (?) 

Protocatechuic and 
acetic acids. 

» 

»> i» 

»> 

Protocatechuic acid 
and phloroglucia. 

» *» 

»» *» 


Prom Hlasiewetz’s table, it would appear that a very large proportion of tannins yield glucose' 
on digestion with a dilute mineral acid. They appear, however, to differ materially from the class 
of bodies known as gluoosides, which are generally crystalline, and yield their glucose very easily 
under the influence of acids, while tannins (except perhaps morintannic acid) are amorphous, and 
require somewhat prolonged digestion. Hlasiewetz suggests that they may be “ gnmmides,” or 
compounds containing gum or dextrine, which is converted by digestion with acid into glucose 
(see pp. 1914-21). But it is by no means certain that glucose should be regarded as an essential 
constituent of tannins, since, by repeated precipitations with lead acetate, and decomposition of the 
taunate with sulphuretted hydrogen, gallotannic acid may be prepared almost free from any glucose, 
yielding constituent, and retaining all its characteristic properties. Schiff, by acting on gallic acid 
with phosphorus oxychloride, has produced gallotannic acid synthetically, and this artifleial 
tannin yields no glucose, but only gallic acid, by digestion with acids. This synthesized tannin 
appears to be digallie acid, formed from two molecules of gallic acid by the simple abstraction of 
one molecule of water. Thus, its constitutional formula is 




CeH, 


CO. OH 

OH 

OH 

® \ 

CO / 

OH 

OH 

OH 


ChHiqOb 


Natural gallotannic acid is probably a molecular compound of this digallic acid with glucose or 
dextrine. 

In digesting ordinary gaUotannic acid, from gaU-nuts, sumach, myrabolans, and other sources 
with sulphuric acid, or in its decomposition by natural fermentation, besides glucose and g allic acid’ 
a varying quantity of a grey or fawn-coloured deposit of eUagio acid is always produced. This is’ 
closely allied to tannic (digalUc) acid, differing ftom it only by the abstraction of 2 atoms of 
hydrogen, and may be produced from it by heating it with dry arsenic acid (which oxidizes the 
hydrogen). It is, however, probable that it is produced in the cases named from a pecuKar tannic 
acid, called by Lowe eUagitannio acid, which exists in divi-divi, myrabolans, pomegranate-rind, and 
other materials, in mixture with ordinary gallotannic acid. This body is what °Hlasiewetz calls 
“ pomegranate tannin.” Oak-bark and valonia yield abundant light-coloured deposits, which are 
probably ella&ic acid. «> 
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On heating dry gallotannio or gallic acida to 180°-210° (356°-410° F.), they are decomposed, 
and partially sublime in white prismatic plates of pyrogallol, or pyrogallic acid, whUe a black 
residue of metagallio acid remains. By heating a solution of gallic acid in glycerine to 200° 
(392° F.), it is completely converted into pyrogallol, without production of metagallie acid. 

Pyrogallol (CgHjOs) has a feebly acid and very bitter flavour. It fuses at 131° (268° F.), is soluble 
in less than 3 parts of cold water, and still more soluble in hot. It is also soluble in alcohol and 
ether, bnt not in ah.iolute cliloioform. In presence of alkalies, it absorbs oxygen with great avidity, 
turning brown or black. It reduces Fehling’s solution, and those of gold and silver, and gives 
purplish-blacks with ferric and ferrous salts. Probably its most characteristic reaction is the fine 
but very fleeting purple coloration which it gives with lime-water. Since all vegetable extracts 
containing gallic or gallotannio acids yield pyrogallol, its production has been used as a test for 
the presence of these bodies by Stenhonse, thus distinguishing again between the two classes of 
tannins derived from gallic and prctocateehuic acids respectively. It is a singular fact that although 
oak-bark and valonia tannins give blue-blacks with iron salts, and yield abundant white deposits 
supposed to be ellagic acid, they give no pyrogallic acid on heating; hut on the contrary, are 
stated by Johansen to yield protocatechuic acid on fusion with potash. They thus present important 
difierences from gallotannio acid on the one hand and from m( st red-yielding tannins on the 
other, and urgently demand further investigation. Experiments made by the writer suggest! he 
probability that oak-bark tannin contains phloroglucin as well as protocatechuic acid. 

Associated with different species of catechutannic acids in cutch and gambier, considerable 
portions of a white crystalline body (or possibly class of bodies) are found. This is catechin. It is 
contained in large quantity in cube gambier, forming a great part of the pale-coloured crystalline 
interior. It is readily soluble in boiling water, but very slightly so in cold ; hence, on allowing a 
boiling solution of gambier to cool, it is deposited in large quantities as a whifish sediment. Its 
solution does not precipitate gelatine. Its relation to the tannins of cutch and gambier is not well 
made out, but they seem to be anhydrides. Its lower anhydrides are soluble in water, and precipi- 
tate gelatine ; whUe with every successive molecule of water which they give up, they become more 
insoluble, and the higher anhydrides are reds similar to phlobapbene, insoluble in water and ether, 
but soluble in alcohol. Thus to an extent the relations between catechin and the catechu tannins 
are similar to those between gallic acid and gallotannio acid, but catechin is a body of much more 
complicated structure than gallic acid. Its formula is probably G,jH„Og, and both it and its 
anhydrides, when fused with potash, yield protocatechuic acid and phloroglucin. 

It may be well to remark here that the question of hydration plays an impoitant and imperfectly 
understood part in the chemistry of tannin. When hemlock tannin is rednced to a thick extract by 
evaporation in the vacuum-pan, it appears to part with some of its combined water, and a portion 
only of the tannin is soluble in cold water, the remainder being precipitated as an insoluble anhy- 
dride or phlobaphene, which cannot be dissolved even by subsequent boiling. If, on the other 
hand, water of as high a temperature is employed as has been used in the evaporation of the 
extract, the whole is brought again into solution, unless the extract has been thickened at too high 
a temperature. This is true of most tannihg extracts besides hemlock. 

It will thus be obvious that our knowledge of the chemistry of the various tannins is very 
imperfect, and it is useless to try to fill up the gaps by mere speculation. 

As regards analytical examination of mixtiues of tannins, a quantitative separation of the different 
species is as yet quite impossible ; but qualitatively, tannins may at least be detected when not in 
too camplicated mixture. The following table gives distinctive reactions of some of the principal 
tannins and their derivatives. 


Reagent. j 

Gallotannio 

Acid. 

Gallic Acid. 

Pyrogallic 

Acid. 

Oak Bark 
Infusion. 

Solution 

Pegu Cuteb. 

Baric chloride ' 
and ammonia. 

Blue ppt. 

Blue ppt. 

Brown colora- 
tion. 

Brown ppt. 

SUght ppt. 

Bromine-water, 

Nil. 

Nil. 

Nil. 

Pale „ 

Dense buff ppt. 

Lime-water. 

Ppt. turning 
blue. 

Ppt. turning 
blue. 

Deep violet 
colour. 

Brown „ 

Slight ppt., so- 
luble in ex- 
cess. 

Copper sul- 
phate. 

NU. 

NB. 

Nil. 

Slight „ 

Dense ppt. 

Ferric acetate. 

Blue-blk. ppt. 

Purple-hlk. 

ppt. 

Puiple-blk, 

! colour. 

Blue-blk. ppt. 

Green-blk. ppt. 

Lead nitrate. 

White ppt. 

Nil. 

1 Nil. 

Brown ppt. 

Nil. 

Gelatine. 

Ppt. 

Nil. 

Nil. 

i i 

Ppt. 

Cloudy ppt. 


The infusions used should be v*ry dilute, not exceeding 5° of the harkometer (sp. gr. 1 ■ 004). 
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A. H. Allen, in his ‘ Commercial Organic Analysis,’ gives the following table for the distinction 
of gallic, pyrogallic, and gallotannic-acids : — 



Beagent. 

Gallic Acl(L 

i^ogallic Acid. 

Gallotannic Acid. 

1 

With solution of 
gelatine. 

No change except in 
presence of gum. 

No change. 

White or brownish 
ppt. 

2 

Heated with Fehling’s 
solution. 

No change. 

Reduction and preci- 
pitation of CujO. 

Reduction and preci- 
pitation of Cu,0. 

3 

With ferrous sulphate 
&ee &om ferric salt. 

White ppt. concen- 
trated ; no change 
dilute. 

Blue solution. 

White concentrated ; 
no change dilute. 

4 

With ferric chloride. 

Deep blue colour de- 
stroyed by boiling. 

Red colour, turning 
brown when heated. 

Blue-black ppt. ; co- 
lour destroyed by 
boiling. 

5 

With excess of lime- 
water. 

White precipitate be- 
coming purple or 
deep brown very 
rapidly. 

Immediate purple 

colour, changing to 
brown in the air. 

White precipitate 
slowly darkening. 


Quantitative Determination . — ^Many piocesaes have been proposed for the quantitative estimation 
of tannins, but it cannot be said that any method yet known is wholly satisfactory. The oldest, 
that of Sir H. Davy, recently improved by Stoddart and others, consists in precipitating with 
gelatine, and drying and weighing the precipitate. This was almost impossible to filter off as 
directed by Davy ; but by the use of a little alum, and by pouring hot water on the precipitate, it 
becomes curdled into a mass which may be washed by decantation. As the precipitate contains 
varying quantities of tannin, according to the strength of solution employed ; as it is soluble in 
excess of gelatine solution, and as it is almost if not quite impossible to wash it free from gelatine 
and alum, the method can hardly lay claim to much accuracy. A somewhat better one consists in 
the employment of a standard solution of gelatine with a little alum, determining the end of the 
reaction by filtering off a portion and ascertaining if another drop of the reagent produces a further 
precipitate. This method is very tedious, the end reaction is difficult to hit, the standard solution 
is very unstable, it is inapplicable to gambier and cutch because the mixture wUl not filter clear, 
and its results are irregular, probably from the power of tannin to combine with various propor- 
tions of gelatine. A third plan, which has a most seductive appearance of simplicity, is that of 
Hammer ; he takes the sp. gr., then absorbs the tannin with slightly moistened hide-raspings, 
again takes the sp. gr., and from the difference calculates the percentage of tannin, a difference of 
5 per cent, of tannin corresponding to one of 1 • 020 sp. gr. (20° barkometer). Unfortunately the hide 
is more or less soluble in the liquor, and absorbs acids other than tannic with considerable energy ; 
the moistening of the raspings introduces an error, and the smallness of the quantity to be 
measured makes a slight error completely vitiate the results. With extreme care, due corrections 
for temperature, for the water introduced with the raspings, and for their solubility, and by sub- 
stituting evaporation of the infusions to dryness for mere calculation from their sp. gr., the method 
is useful as giving almost the only information obtainable as to the actual weight of tanniu in 
any material capable of being absorbed by hide. It is, however, only suitable for use as a check 
on easier and more rapid methods, such as Lowenthal’s, which give accurate relative results, but 
no information as to absolute weight of unknown tannins. A modification of Hammer’s method 
has been introduced by Miintz and Kamspacher, in which the liquor whence the tannin is to be 
removed is forced through a piece of raw hide by pressure. This method, except that it is more 
rapid, has aU the evils of Hammer’s original in an intensified form, and gives such variable results 
as to be quite useless in practice. 

Several other methods have been proposed : such as Gerland’s. with a volumetric solution of 
tartar emetic, used in presence of ammonic chloride ; Fleck’s, by precipitation with acetate of 
copper, and subsequent washing with ammonic carbonate and gravimetric estimation, either of the 
tannate dried at 100° (212° F.), or of the oxide of copper left on ignition ; and Carpene’s, by precipita- 
tion with ammoniacal zinc acetate, and subsequent estimation with permanganate and indigo. 
These, though giving fairly accurate results on some tannins, are only of limited application. They 
may be passed over, as well as Jean’s method with a volumetric solution of iodine in presence of 
sodic carbonate, and Allen’s method with acetate of lead, which, though accurate, are somewhat 
tedious and difficult, and present no advantage over Lbwenthal’s improved process. This last is 
easy of execution, constant in results, and universally applicable. Before proceeding to describe it in 
detail, it may be well to give some hints as to the best modes of sampling and preparing tanning 
materials for analysis, since this is often more difficult and tedious than the actual analysis. 

Sampling. — Samples should always be drawn from at least 10 sacks or separate parts of the 
bulk, and, in th% case of valonia, special care should be taken *.o have a fair average quantity of 
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“ beard.” If several sacks are spread in layers on a level floor, and then portions going qnit© to the 
ground are taken from several parts of the floor, this will he accomplished. Where samples must 
be dealt with which have not been specially drawn, it might be safest to weigh out from each the 
same proportion of beard and whole cups, bearing in mind that the beard is always the richest part 
of the valonia. In sampling myrabolans, it should be remembered that the poor and light nuts 
will rise to the top, and hence the hand should be plunged well into the sack. Grinding when 
practicable is probably beat done in a small disintegrator, fitted with gratings. The material, of 
which some pounds must be used, is screened over a sieve of say 15 wires per in., and all coarser 
parts are returned to the mill till they will pass. The mill must grind into a close box, that no 
dust may be lost. The advantage of this plan is that samples can be ground without previous 
drying, and thus in many cases -timemay be saved and separate determination of moisture avoided. 
When this is not practicable, the sample of some lb. at least is ground in an ordinary 
bark-mill, well mixed, spread out flat on a floor or table, and several portions are taken as already 
described, say 50-100 grm. in all, and dried in a water- or air-oven at 100° (212° T.). The moisture 
is best determined, to save time, in a small separate portion of 10 grm., which must be dried till it 
ceases to lose weight, and the loss taken as moisture. It must be weighed in a covered capsule, as it 
is very hygroscopic. When the larger portion of the sample has been dried some hours, it is passed 
twice through a good coffee-mill, and then returned to the oven till thoroughly dried, for which, 
12-24 hours is generaliy sufficient. Another method sometimes convenient is to take each acorn, 
or each piece of bark of the sample to be tested, and snip a piece from it with a pair of tinners’ 
shears, taking care that in the case of valonia the section runs right to the centre of the cup ; and 
in bark, that fair shares of the outer and inner layers are taken. The reason for drying before 
grinding is, that unless hard dried, tanning materials cannot be passed through a small mill. Bark 
and valonia usually contain 12-16 per cent, of moisture. 

Lowenthal’s Process : Exhaustion. — 10 grm. of valonia, 20-30 grm. of bark, or corresponding 
quantities of other materials, are boiled for 10 minutes with 250 cc. of distilled water, great care 
being taken at first to avoid frothing and boiling over. The clear liquid is then poured into a 
gauged flask, the residue is boiled up for 10 minutes, a second and a third time, with 250 cc. of 
water, and is finally rinsed into the flask, allowed to cool to 15° (59° F.), and made up to 1 litre. 
In the case of sumach, a little more boiling even than this is desirable. Another method is to boil 
for i hour with 250 cc. of water, then pom: the whole on a filter, wash with boiling water so long 
as a drop of the filtrate blackens paper moistened with a dilute solution of ferric acetate, and 
finally make up to 1 litre. Many materials, however, clog the filter to such an extent that 
washing is almost impossible. Katbreiner uses 15 litres of water, and corresponding quantities 
of material, in a large steam-jacketed copper pan, for each exhaustion, making the weight up 
finally to 15 kilos., and obtains very uniform and excellent results. With all materials which 
deposit ellagic acid or other insoluble derivatives, on cooling and standing, considerably higher 
results will be obtained if the titration be made as soon as the liquor is cold, than if it be 
allowed to stand 24 hours ; in this respect, a uniform practice should be adhered to. Addition of 
J cc. of glacial acetic acid renders the infusions less liable to change. 

Eeagents. — Solutions are required of (1) Pure permaganate of potash, 1 grm. per litre. (2) Pure 
Bulphindigotate of potash, 6 grm., and concentrated sulphuric acid, 50 grm. per litre. (3) Pure oxalic 
acid, 10 grm. per litre. The sulphindigotate of potash (indigo carmine), must be filtered, and when 
oxidized by permanganate, should give a pure clear yellow, free from any trace of brown or orange. 
Any^contamination with indigo purple, which gives brown oxidatiou-prixlucts, is quite fatal to the 
accuracy of the analysis. The permanganate solution is standardized by measuring 10 cc. of the 
(decinormal) oxalic acid solution, adding a little pure sulphuric acid and distilled water, warming 
to 58° (136° F.), and running in the permanganate till a faint permanent pink is produced, for which 
about 50-51 cc. should be required. The indigo-carmine solution should be of such strength that 
14-16 cc. of permanganate are required to bleach the quantity employed, which may be 20-25 cc. as 
convenient. (4) Gelatine solution : 25 grm. of gelatine or finest glue are diMolved in 1 litre of 
water, and saturated with table-salt. (5) Salt and acid solution: to a saturated solution of 
common salt, are added 50 cc. of concentrated hydrochloric acid per litre. 

Actual Analysis. — 25 cc. of indigo solution are diluted to about f litre with distilled or good 
drinking-water in a white porcelain basin, and the permanganate solution is added drop by drop 
from a burette with constant stirring till the last trace of green disappears. Call the quantity of 
permanganate used A. 25 cc. of indigo solution and 10 cc. of the tannin infusion are treated 
as above. Let the quantity of permanganate be B. (If it exceeds 25 cc., less tannin infusion 
must be taken, and the results calculated accordingly.) 100 cc. of the tannin infusion are well 
mixed with 50 cc. of gelatine solution, and then with 100 cc. of salt solution, shaken for some 
minutes, allowed to stand several hours, and filtered. The filtrate should be perfectly bright 
and clear. 50 cc. of this filtrate (=20 of original infusion) are titrated with permanganate 
and indigo as before described, Jhe permanganate being run in very slowly, 5-g minutes being 
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ts&en for the process. Let this be called G; it is the amonnt reqqjred to oxidizd the “not- 
tennin.” 

Then B — A — }(C — A) is the quantity of permanganate required to oxidize the tannin. 
4'156 grm. of pure gallotannio acid (Nenhauer) and 6-236 grm. of oak-bark tannin (Oser) aje said 
to he equivalent to 6-3 grm. of oxalio acid, and these numbers may be used to calculate percen- 
tages ; but as the equivalents of most tannins are unknown, it would probably be better simply to 
calculate out the equivalent percentage of oxalic acid, which does not differ sensibly from that of 
oak-bark tannin. Then calling T the permanganate consumed by the tannin of 10 cc. infusion, 
O that required by 10 ec. of the oxalic solution, and x the percentage, and supposing 10 grm. of 
substance to be employed, O : T : : 100 : x; or tlie quantity of permanganate required to oxidize 
the tannin, divided by that required to oxidize the oxalic acid, and multiplied by 100, gives the 
percentage. Ghillic acid needs more permanganate than the same weight of tannic acid, or even 
ttian the quantity of tannic acid from which it is derived. 

A slight error is introduced by the presence of a trace of oxidizable matter in the glue, and 
when very great accuracy is required, it is well to make a blank estimation of " not-tannin ” 
without tannin infusion, and deduct | of the permanganate consumed as a correction from the not- 
tannin : but this may usually be disregarded. Each titration should be made twice, and successive 
tests should not differ by more than 0 • 1 ec. of permanganate. 

It is obvious that it is impossible by analysis to compare the relative values of different tannins, 
such as those of myrabolans and gambler, or hemlock and valonia. All analysis can reasonably 
be expected to do is to give the relative values of different samples of the same substance, or at 
the most, of materials of the same class. All other comparisons are misleading ; and would be so, 
even if the exact percentage of each tannin could be calculated ; since the commercial and practical 
value of different materials does not depend on the quantity of tannin only, but on the character of 
the leather it produces, hard or soft, dark- or light-coloured, and heavy- or light-weighing. 

H. B. P. 

Algarobilla. — The seed-pods of Prosopis pallida and P, Algarrobo are known as algarobilla, 
the two kinds being distinguished as negro and blanm. The trees are abundant in mountainons 
parts of S. America, notably Chili and the Argentine Republic. The pods contain up to 50 per 
cent, of a bright-yellow tannin, somewhat resembling that of myrabolans. The friable tannin is 
readily soluble in cold water, and is so loosely held in the fibrous network of the pod, that great 
loss is sustained by careless handling. The commerce in algarobilla does not figure in the official 
trade returns ; but J. Gordon & Co., Liverpool, obligingly state that they imported 50 tons, at an 
average value of 181. 10s. a ton, in 1880. Widow Duranty & Son, also of Liverpool, are good 
enough to add that they received 160 tons in 1881, the first that had reached them for a long time. 
Havre imported 50 tons in 1881. 

The name algarrobo is also applied to Balsamocaipon brevifolium in Chili, and to Hymencea Courbaril 
(see p. 1666) in Panama. 

Chestnut-extract. — The wood of Caslanea vesca (see Nuts— Chestnut, pp. 1352-3 ; Timber) 
contains 14-20 per cent, of a dull-brown tannin. It is quite different from the bark and bark- 
extract of the American chestnut-oak (Quercas sessilijlora). Its extract is used largely to modify 
the colour produced by hemlock-extract, and for tanning and dyeing. The pulverized wood is also 
extensively employed in France. The imports are included in barks and ext j acts, p. 1988. 

Cork-bark. See Oak-barks. ’ 

dutch, Catechu, or Terra Japonica (Fb., Caclmi- Gee., CafrcAw).— The term 
or“cntch,” is applied to the dried extract, containing 45-55 per cent, of dark-coloured' mimo- 
tannic acid, prepared chiefly from two trees .--(p Acacia Catechu lAfimosa Catechu, M. sundral, a 
tree of 30-40 ft., common in most parts of India and Burma, growing also in the hotter and 
drier districts of Ceylon, and abundant in tropical E. Africa— the Soudan, Sennar, Abyssinia, 
the Noer country and Mozambique, though the utUization of its tannin is restricted to India; 
(2) A. [Hf.] Suma, a large tree inhabiting S. India (Mysore), Bengal, and Gujerat. 

The process for preparing cutch varies slightly in different districts. The trees are reckoned 
to be of proper, age when thmr trunks are about 1 ft. diam. They are then cut down, and the 
whole of the woody , part, with the exception of the smaller branches and the bark, is reduced to 
chips: some accounts state that only the darker heart-wood is thus used. The chips are placed 
with water in earthen jars, arranged in a series over a mud fire-place, usually in the open air 
Here the water is made to boil, the liquor as it becomes thick and strong being decanted into 
another vessel, in which the evaporation is continued until the extract is sufficiently inspissated 
when it is poured into moulds made of clay, or of leaves pinned together in the shape of cups or 
in some districts on to a mat covered with the ashes of burnt cow-dung, the drying in each c^se 
being completed by exposure to the sun and air. The product is a dark-brown extract which is 
the usual form in which cutch is known in Europe. ’ 

In KumaonjN. India, a slight modification of the process affords a drug of very different 
appearance. Instead of evaporating the decoction to the condition of an extract, the inspissation 
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is stopped at a certain point, and the liqnor is allowed to cool, coagulate, and crystallize oyer 
twigs and leaves thrown into the pots for the purpose. By this method is obtained from each 
pot about 2 lb. of hith or catechu, of an ashy-whitish appearance. In Burma, the manufacture 
and export of cutch form one of the most important items of forest revenue. The quantity of 
cutch exported from the province in 1869-70 was 10,782 tons, valued at 193,602?., of which, nearly 
half was the produce of manufactories situated in British territory. The article is imported in 
mats, bags, and boxes, often enveloped in the large leaf of Dipterocarpus tvherculatus. It is 
brought down from Berar and Nepal to Calcutta. That of Pegu has a high reputation. 

Our imports of cutch in 1880 were 5155 tons, value 173,010?., from the British B. Indies ; 539 
tons, 15,572?., from' other countries; total, 5694 tons, 188,612?. Our exports in the same year 
were : — 892 tons, 28,527?., to Germany ; 676 tons, 24,562?., to the United States ; 478 tons, 15,505?., 
to France; 303 tons, 10,537?., to Holland; 177 tons, 5859?., to Russia; 141 tons, 4835?., to Belgium ; 
245 tons, 8719?., to other countries ; total, 2912 tons, 98,544?. The approximate London market 
value of Pegu cutch is 21-42s. a cwt. 

An astringent extract prepared from the Areca Catechu (see Nuts — Areca, p. 1351) is said to 
contribute to commercial cutch ; if so, it is a totally distinct product from those just described. 

Divi-divi, or Libi-dibi. — These names are applied to the seed-pods of Ccesalpinia coriaria, 
a tree of 20-30 ft., indigenous to several of the W. Indies, Mexico, Venezuela, and N. Brazil, and 
naturalized iu Madras and Bombay Presidencies, and in the N.-W. Provinces. The pod may 
be known by its drying to the shape of a letter S ; it contains 30-50 per cent, of a peculiar 
tannin, somewhat similar to that of valonia. It is cheap, and may be used in admixture with 
barks ; but it is dangerously liable to undergo fermentation, suddenly staining the leather a dark- 
red colour, and is therefore not in extensive use. The imports of it are mainly from Maracaibo, 
Paraiba, and St. Domingo. Maracaibo, in 1880, exported 197,674 lb. of divi-divi, value 3222J dol. 
(of 4s. id.), to New York. Our imports of divi-divi into Liverpool, according to figures kindly 
furnished by Haw and Co., were 2200 tons in 1877, 1740 in 1878, 2132 in 1879, and 780 in 1880. 
The approximate market value is 12-17?. a-ton. 

Galls. — The generic term “gall" is applied to those excrescences on plants which are produced 
by the punctures of insects, for the purpose of depositing their eggs. The excrescences are usually 
considered to be a diseased condition of vegetable tissue, resulting from the injection of some 
secretion of the insects. But this has been combated by A. S. Wilson, of Aberdeen, who considers 
that all insect galls are in reality leaf-buds, or fruit-buds, and not mere amorphous excrescences. 
The vascular lines which would form leaves can easily be followed up in the structure of the oak- 
leaf galls. And in oases where the egg has been deposited in the tissue of a young branch, the 
cap of the gall is sometimes surmounted by a leaf 2-3 in. long. But in the large blue Turkish 
galls, many lacunte occur where the fleshified leaves have not filled up the spaces between them. 
If a dissection be made of one of the weevil-galls on the bulb of the turnip, the second or third 
slice will show the outer foliations, exactly similar to those of the root-buds. When the centre 
has been reached, where the maggot will be found, there will also be a vascular pencil running 
up from a medullary ray in the bulb, and bearing on its top a bud of the same description as that 
produced by a ray running out from a root. The insertion of the ovipositor brings a medullary 
ray into action, producing a tnberculated bud, and it is only the bud which the larva feeds upon. 
The growth of a bud is an intelligible cause of the growth of a gall, but nothing can be inferred 
from the injection of a fluid. The analogy to leaves is further shown by the fact that various 
microscopic fungi are matured in the interior of imperforate galls. 

The<)rincipal commercial kinds of gall are oak-galls and Chinese galls. 

Oak-galls, Nut-galls, Aleppo or Turkey galls (Fb., Noix de Galle, Guile cCAlep ; Geb., Lemntisohe 
or Aleppische Gallen, Gallapfel). — These are formed by the punctures of Cynips \piplolepis\ Gallos 
tinctori(B on Quercus lusitanica var. infectoria [Q. infectoricC], a shrubby tree of Greece, Cyprus, Asia 
Minor, and Syria, and probably other varieties and even species of oak. The female insect is 
furnished with a delicate ovipositor, by means of which she pierces the tender shoots of the tree, 
and lays her eggs therein. In the centre of the full-grown gall, the larva is hatched and under- 
goes its transformations, finally (in 5-6 months) becoming a winged insect, and boring for itself a 
cylindrical exit-hole. The best commercial galls are those which have been gathered while the 
insect is still in the larval state. Such have a dark olive-green colour, and are comparatively 
heavy ; but after the fly has escaped, they become yellowish-brown in hue, and lighter. Hence 
they are distinguished in the London market as “ blue ” or “ green,” and “ white.” In Smyrna, 
they are classified as “ white,” “ green,” and “ black,” the first two sorts generally fetching nearly 
the same price, while the black obtain considerably more, the approximate quotations being : — 
white and green, per Turkish oke (of 2-83 lb.), 8J-9 piastres (of id.) ; black, 13J-14 piastres. The 
“ nuts ” come mostly from Melemen, Cassaba, and Magnesia, also from the Syrian coasts, being 
plentiful on the east of the river Jordan, and are chiefly forwarded to France, England, and 
Salonica. The triennial yield is said to be invariably the best. They begin to reach Smyrna from 
the interior towards the end of Julyr The crop of 1880 was estimated at over 50,0Cl0 okes. The 
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province of Aleppo, which used to afford 10,000-12,000 quintals (of 2 cwt.) annually, only exported 
3000 in 1871. The galls collected in the Kurdistan mountains are marketed at Diarbekir, and 
sent thence to Trebizonde for shipment. Bussora, Bagdad, and Bushire also export considerable 
quantities. 

The exports from Aleppo (including yellow berries, see p. 864) in 1880 were : — 60 tons, 3600/., 
to Great Britain; 322 tons, 19,320/., France; 15 tons, 900/., Italy; 44 tons, 2640/., Austria, 
55 tons, 3300/., Turkey ; 30 tons, 1800/., Egypt; total, 526 tons, 31,560/. In 1878, the figures were 
673 tons, 38,400/. Alexandretta exported in 1879 (including yellow berries) : — 41 tons, 2460/., 
to England; 299 tons, 17,940/., France; 20 tons, 1200/., Italy; 25 tons, 1500/., Austria; 87 tons, 
5220/., Turkey ; 6 tons, 360/., Egypt ; total, 478 tons, 28,680/. The shipments from Trebizonde by 
steamer in 1880 were (from Turkey) : — 47 sacks (of 2 cwt.), 188/., to Turkey ; 240 sacks, 960/., 
Great Britain ; 264 sacks, 1056/., France ; 103 sacks, 412/., Austria and Germany ; 26 sacks, 104/., 
Greece ; total, 680 sacks, 2720/. ; (from Persia) : 25 sacks, 100/., Great Britain ; 31 sacks, 124/., 
France ; 30 sacks, 120/., Austria and Germany ; total, 86 sacks, 344/. Bushire despatched 5000r. 
worth to India in 1879. Syra sent 248/. worth to Great Britain in 1879. Venice exported 1745 
tons of galls and bark, value 34,906/., in 1879. 

The best oak-galls contain 60-70 per cent, of tannic or gallotannic acid, and 3 per cent, 
of gallic acid. “ Rove ” is a small crushed gall, containing 24-34 per cent, of gallotannic acid. 
There are many other varieties of non-commercial oak-gall. 

Chinese or Japanese Galls . — These are vesicular protuberances formed on the leaf-stalks and 
branches of the Rhus semialata [Riicii-ame/a], a tree of 30-40 ft., common in N. India, China, and 
Japan, ascending the outer Himalaya and the Khasia Hills to 2500-6000 ft., by punctures of the 
female of Aphis chinensis. The galls are collected when their green colour is changing to yellow, and 
are then scalded. They are light and hollow, 1-2J in. long, and of very varied and irregular form. 
The Japanese are the smaller and paler, and usually more esteemed. The galls contain about 
70 per cent, of tannic or gallo-tannic acid, and 4 per cent, of another tannin. They are consumed 
mainly in Germany, for the manufacture of tannic acid. 

Hankow exported 30,949 piculs (of 133^ lb.) in 1872; and 21,611 piculs, value 136,214 taels (of 
about 6«.), in 1874. In 1877, the total Chinese export did not exceed 17,515 piculs. Hankow 
exported 24,742J piculs in 1878, and 28,392 ptculs, 59,614/., in 1879; Pakhoi, 62/. worth in 1879; 
Canton, 3155^ piculs in 1877, 1939 in 1878, 3163| in 1879 ; Ichang, lOOJ piculs, 132/., in 1878, 402J 
piculs, 586/ , in 1879 ; Shanghae, 27,659J piculs in 1879. 

In China trade returns, they are always miscalled “nut-galls ” or “gall-nuts” : correctly, they 
are vm-pei-tze. Oak-galls are exported from China resembling those of W. Asia. Japanese galls, 
iifushi, are sent in increasing quantities from Hiogo. 

Our imports of galls in 1880 were 24,590 cwt., 68,697/., from China ; 17,311 cwt., 60,648/., 
firom Turkey ; 9182 cwt., 9013/., from other countries ; total, 51,083 cwt., 138,358/. Our re-exports 
in the same year were 6260 cwt., 18,479/., to Holland ; 6022 cwt., 18,147/., to Germany ; 3214 
cwt., 11,002/., to France ; 3045 cwt., 8598/., to Belgium; 2651 cwt., 11,004/., to the United States ; 
1625 cwt., 5205/., to other countries; total, 22,817 cwt., 72,435/. The approximate London market 
values of galls are : —Bussora, blue, 82-1 02s. a cwt. ; do., white and in sorts, 50-90s. ; China, 
50-70i. ; Japan, 55-56s. 

Gambier, Pale Catechu, or Terra Japonica (Fb., Gambir, Cachau jaune; Geb., 
Gambir). — These names are conferred upon an extract from the leaves of Uncaria Gambier [Nauclea 
GaTnbir\ and U. acida, containing 36-40 per cent, of a brown tannin, which rapidly penetrates 
leather, and tends to swell it, but alone gives a soft porous tannage ; it is largelyvused in 
conjunction with other materials for tanning both dressing- and sole-leather. The plants are stout 
climbing shrubs, the first-named being a native of the countries bordering the Straits of Malacca, 
and especially the islands at the E. end, though apparently not indigenous to any of the islands 
of the volcanic band, growing also in Ceylon, where no use is made of it ; while the second, 
probably a mere variety, flourishes in the Malay islands. 

The shrubs are cultivated in plantations, often formed in jungle clearings ; the soil is very 
rapidly exhausted, and further injured by excessive growth of the ineradicable lalang-grasa 
(Andropogon caricosus). It is found advantageous to combine pepper-culture (see pp. 1812-4) with 
that of gambier, the boiled leaves of the latter forming excellent manure for the former. The 
gambier-plants are allow^ to grow 8-10 ft. high, and as their foliage is always in season, each 
plant is stripped 3 or 4 times in the year. The tools and apparatus for the manufacture of the 
extract are of the most primitive description. A shallow cast-iron pan about 3 ft. across is built 
into an earthen fire-place. Water is poured into the pan, a fire is kindled, and the leaves and 
young shoots, freshly plucked, are scattered in, and boiled for about an hour. At the end of this 
time, they are thrown on to a capacious sloping trough, the lower end of which projects into the 
pan, and are squeezed with the baud so that the absorbed liquor may run back into the boiler. 
The decoction is then evaporated to the consistence of a thin synrup, and baled out into buckets. 
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When sofiacienljly cool, it is subjected to curious treatment : instead of simply stirring it round, 
the workman pushes a stick of soft wood in a sloping direction into each bucket ; and, placing two 
such buckets before him, he works a stick up and down in each. The liquid thickens round the 
stick, and, the thickened portion being constantly rubbed off, while at the same time the whole is in 
motion, it gradually sets into a mass, a result which, it is said, would never be produced by simple 
stirring : it is reasonable to suppose that this manner of treating the liquor favours the crystalliza- 
tion of the eateohin in a more concrete form than it might otherwise assume. The thickened 
mass, resembling soft yellowish clay, is now placed in shallow square boxes; when somewhat 
hardened, it is cut into cubes, and dried in the shade. The leaves are boiled a second time, and 
finally washed in water, which is saved for another operation. 

A second plan is as follows : — The leaves are boiled, and bruised in a wooden mortar Qescmg), 
from which they are put into a kind of basket of rattan open-work, which is pressed by a long 
piece of wood acting as a lever ; the liquid is received into a trough, and there allowed to settle. 
When the sediment has acquired sufficient substance, it is put into a kulit-hiyo, formed like a tub 
without a bottom, which lets the superfluous water drain off ; when that is done, it is taken out, 
made into small cakes, and dried for use. A plantation employing 5 labourers contains 70,000- 
80,000 shrubs, and yields 40-50 catties (of 1 J lb.) of gnmbier daily. 

Plantations were commenced in Singapore in 1829, and once numbered 800; but owing to 
scarcity of fuel, abundance of which is essential to the manufacture, and dearness of labour, the 
culture was fast declining in 1866. In 1872, it had much recovered. It is largely pursued on the 
mainland (Johore), and in the Ehio-Lingga Archipelago, S.-E. of Singapore ; on Bintang, the 
most northerly of the group, there were 1250 plantations of it in 1854. None is cultivated in 
Sarawak, though found wild in many parts ; the foreign export from Sarawak in 1879 had a total 
value of 88,148 dol. The best kind is brought largely from Sumatra, but is often adulterated 
with sago. The Ehio product is also thus sophisticated, and rendered heavier by the Chinese 
pnrposely packing it in baskets lined with wet cajangs, occasioning a loss to the purchaser of about 
30 per cent. 

Singapore is the great emporium for gambier, and exported 34,248 tons in 1871, 19,550 tons 
having been imported, chiefly from Ehio and the Malay Peninsula. In 1876, the export increased 
to over 50,000 tons of pressed block, and 2700 tons of cubes. In 1877, it fell to 39,117 tons, owing 
to differences with the Chinese dealers concerning adulteration ; of this quantity, 21,607 tons were 
for London, 7572 for Liverpool, and 2345 for Marseilles. The United Kingdom imports in' 1872 
were 21,155 tons, 451,737/., almost all from the Straits Settlements ; in 1880, they were 26,061 tons, 
461,781/., from the Straits, and 352 tons, 6468/., from other countries ; total, 26,413 tons, 468,249/. 
Our re-exports in 1880 were : — 2487 tons, 48,507/., to Holland; 1591 tons, 31,542/., to Germany; 
1137 tons, 23,694/., to Eussia; 594 tons, 12,026/., to other countries; total, 5809 tons, 115,769/. 
The approximate London market values are 15s. 6d.-21s. 6(/. a cwt. for block, 18-24s. for pressed 
cubes, and 23-27s. for free cubes. 

Hemlock. — The bark of the hemlock or hemlock spruce {Abies canadensis), of Canada and the 
United States, contains nearly 14 per cent, of tannin. The stripping of the bark commences in the 
southern parts of the United States in spring, and lasts during April-May ; in New York, 
Michigan, and Wisconsin, the season is June-July ; and further north, it is still later. It is said 
that the best product is obtained furthest south. The destruction of the hemlock forests is fast 
approaching. Within the last 25 years, the preparation of an extract from the bark, containing 
18-25 per cent, of a deep-red tannin, giving considerable weight and firmness to leather, has 
supersede# the export of crude bark. The mode of preparing the extract is as follows : — The bark 
in pieces i-1 in. thick, and several inches long, is soaked for about 15 minutes in water at 93° 
(200° F.) ; it is then fed into a hopper, which conducts it to a 3-roller machine, something like a 
su<'ar-cane mill (see p. 1873), through which it passes, coming out lacerated and compressed ; it 
next falls into a vat of hot water, where it is agitated by a wheel, that the tannin from the crushed 
cells may be dissolved in the water; hence it is raised by a series of buckets on an endless chain, 
somewhat in the manner of a grain-elevator, to another hopper, whence it is fed to another 3-roIler 
mill ; here it receives its final compression, and comes out in flakes or sheets, like coarse paper, 
and almost free from tannin. The buckets are made of coarse wire, that the water may drip 
through during the elevation. In order to avoid the blackening action of iron, wherever this 
metal is brought into contact with the solutions it is thickly coated with zinc. The solution is 
evaporated to a solid consistency, generally by vacuum-pans. About 2 tons of bark are represented 
by 1 bar. (of less than 500 lb.) of extract. The chief makers are A. S. Thomas, Elmira, N.Y. ; 
S. Brown & Co., New York; Canada Tanning Extract Co., St. Leonard and Bulstrode ; J. Miller 
& Co., MUlerton, New Brunswick. The total production is probably over 10,000 tons annually, 
ranging in value between 17/. and 23/. a ton. Our imports are included in barks and extracts, 
p. 1988. 

Kino. — See Eesinons and Gummy Substances, pp. 1667-8. 
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Mimosa- or Wattle-bark. — ^The bark of nmneroos species of Acacia, natives of Australia, 
contain considerable percentages of deep-red mimo-tannio acid, which forms a hard and heavy 
tannage if nsed strong, thongh soft npper-leathers may be tanned with it in weak liquors. The 
chief kinds are as follows : — ^The common wattle (Acacia decurrens), including its variety A. mol- 
lissima, is known also under the names of green, black, and feathery, but must not be confounded 
with the silver wattle (.4. deaJbatd), thongh bnt doubtfully a distinct species. The bark is obtainable 
in vast abundance, and is much used by tanners. The trees are stripped in September and the 
two or three months following, and the bark, being allowed to dry, is then in a marketable con- 
dition. This tree, which grows in the uplands, affords a larger percentage of tannin than the 
silver wattle. 

Blackwood or lightwood (A. melanoxyUm) yields tanners’ bark, which is inferior, however, to 
that from A. decurrens. The baik of A. penninervis yields of tannic acid 17 "9 per cent., and of 
gallic acid 3-8 per cent. The bark of the native hickory (A. suppurosa} yields of tannic acid 6-6 
per cent., and of gallic acid 1 '2 per cent. 

The bark of A. saligna, of S.-W. Australia, is much used by lanners, as it contains nearly 30 per 
cent, of mimo-tannin. A. harpophglla, of S. Queensland, furnishes a considerable share of the 
mercantile wattle-bark for tanning purposes. The bark of A. lopJtantha contains only about 8 per 
cent, of tannin. 

The broad-leaved or golden wattle (A. pycnanthd), of Victoria and S. Australia, deserves extensive 
cultivation. It is of rapid growth, wiU succeed even in sandy tracts, and yields se^ copiously, which 
germinates with the greatest ease. The perfectly-dried bark contains about 25 per cent, of tannin. 
The aqueous infusion of the bark can be reduced by boiling to a dry extract, which in medicinal and 
other respects is equal to the best Indian cutch. It yields approximately 30 per cent, of tannin, 
about half of which, or more, is mimo-tannic acid. Probably no other tanning plants give so quick 
a return in cultivation as the A. pycnantha and A. decurrens of Australia. The latter varies in its 
proportions of tannin from 8 to 33 per cent. In the mercantile bark, the percentage is somewhat 
leas, according to the state of its dryness, it retaining abont 10 per cent, of moisture The bark of 
the silver wattle (A. dealbata) is of less value, often even fetching only half the price of that of the 
black wattle. The bark improves by age and desiccation, and yields 40 per cent, of tannin, rather 
more than half of which is tannic acid. 

Amongst all the kinds, the bark of the broad-leaved wattle is considered the most valuable 
containing the greatest quantity of tannin ; that of the silver wattle is not so valuable, being 
deficient in tannin ; the black wattle is considered the most productive species ; it can be barked 
at 8 years of age, and will produce 40-60 lb. dried bark, and full-grown trees will yield 100-150 
lb. per tree. 

The cultivation of wattles for commercial purposes has till now remained undeveloped ; but no 
doubt, as soon as it is understood, the utilization of many acres of land lying waste, or which has 
already been exhausted and rendered unfit for the growth of cereals, will be effected by the cultiva- 
tion of the wattle. It requires so little attention as to make it very profitable, and wattle-growing 
and grazing can be combined satisfactorily. After the first year, when the young trees in the 
plantation have reached the height of 3-4 ft., sheep can be turned in. 

Wattles grow in almost any soil, even the poorest, bnt their growth is most rapid on loose 
sandy patches, or where the surface has been broken for agricultural purposes. When the soil is 
hard and firm, plough furrows should be made at a regular distance of &-8 ft. apart, into which 
the seeds are dropped. The seed should be sown in May, having been previously soaked in hot 
water, a little below boiling temperature, in which they may be allowed to remai* for a few 
hours. The seed should be dropped at an average distance of 1 ft. apart along the furrow in 
which case, about 7200 seeds would sufiSce for one acre of land. The seed should not be covered 
with more than abont | in. of soil. 

On loose sandy soil, it might even be unnecessary to break up the soil in any way: the furrows 
may be dispensed with, and the seed sown broadcast after the land is harrowed. After the plants 
have come up, they should be thinned so that they stand 6-8 ft. apart. When the young^trees 
have attained the height of 3-4 ft., the lower branches should be pruned oflf, and every effort 
afterwards made to keep the stem straight and clear, in order to facilitate the strippino- and 
induce an increased yield of barb. It is advisable that the black and broad-leaved should be'^wn 
separately, as the black wattle, being of much larger and quicker growth, would oppress the 
slower-growing broad-leaved one. Care should be taken to replace every tree striped by re- 
sowing, in order that there should be as little variation in the yield as possible. The montL of 
September-December, in Victoria, are those in which the sap rises without intermission 
and the bark is charged with tannin. Analysis proves that the bark from trees growing ori 
limestone is greatly inferior in tannin to that obtained from other formations, differing 1^25 
per cent. 

The estimated expenditure on a wattle-bark plantation of 100 acres during 8 years is 
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£ t. d. 

Bent of 100 acres for 8 years at 6s. per acre per annum 240 0 0 

Ploughing 100 acres in drills 10 ft. apart 25 0 0 

Sowing wattles and actual cultivation, including cost of seed .. .. 37 10 0 

Supervision for 8 years (nominal), say 101. per annum 80 0 0 

Pruning the trees, taking off useless wood (necessary for 2 years), 10s. 

per annum 50 0 0 

Incidental and unforeseen expenses 27 10 0 

Interest on the whole amount expended during 8 years 240 0 0 


700 0 0 

Actual cost of stripping and carting, as shown below 1515 0 0 


£2215 0 0 


The receipts derivable from a wattle plantation of 100 acres, planted in the manner proposed, 
would be : — 


Each acre planted with wattles, 10 ft. apart, would carry 400 trees, and 
at end of 5th year trees would yield say 56 lb. matured bark : strip- 
ping only every 3rd tree, 332 trees would be obtained off 100 acres : 

this, at 41. per ton, would give for 1st stripping 1332 0 0 

In the 6th or following year, a similar number of trees would be 
stripped ; the bark having increased in weight (say 14 lb.), the in- 
creased yield of 2nd stripping would be 400 tons at 41. per ton . . 1600 0 0 

In the 7th year, the remaining trees would be stripped, from which a 
still greater increase would be obtained, say 480 tons at 41. per ton 1920 0 0 


Total yield of bark 4852 0 0 

The cost of stripping would not exceed 15s. per ton, on account of the 
facilities presented by the regularity of the trees, while carting would 
represent another 10s. per ton : these combined charges would be 25s. 
per ton, and on 1215 tons, would be .. 1515 0 0 


Leaving a clear profit on the 100 acres of £2637 0 O’ 


The exports of mimosa-bark in 1876 were 11,899 tons from Victoria, 4758 from S. Australia, and 
4735 from Tasmania. Later returns are included in barks, p. 1988. Shanghai imported 7038 
piculs (of 133^ lb.) in 1879. The approximate London market values of mimosa-bark are : — Ground, 
6-131. a ton ; chopped, 5-121. ; long, 51.-91. lOs. A very superior extract has been made from this 
bark. 

Myrobalajis or Myrabolams. — The fruits of several species of Terminalia constitute the 
myrobalans of commerce ; they are chiefly T. CTiebula and T. Bellerka, natives of India, the former 
being a tree 40-50 ft. high, and esteemed for its timber also. The fruits contain 30-35 per cent, 
of gallotannic acid, producing a soft and porous tannage, and good samples giving a bright-yellow 
colour. The tannin exists in the pulp, and is absent from the very hard “ stone.” The dried 
fruits ai^ known locally as har, harra, or baliera, and are used commonly for dyeing, but not for 
tanning. 

Our imports of myrobalans in 1880 were : — 238,151 cwt., 121,4651., from Bombay and Sind ; 
115,670 cwt., 51,3391., from Madras ; 11,020 cwt., 47171., from Bengal and Burma ; 3520 cwt., 

14021., from other countries ; total, 368,361 cwt., 178,9231. Our re-exports in 1880 were 8015 cwt., 

43281., to Germany ; 16,127 cwt., 85151., to other countries ; total, 24,142 cwt., 12,8431. The 
approximate London market values of myrobalans are 7-14s. a cwt. for good, and 5-lOs. for 
common. Shanghai imported 4403 piculs (of 133| lb.) in 1879. 

Oak-barks (Fk., Ecorces de CMne ; Gek., Eichenrinden). — The barks of several species- of okk 
have valuable tanning properties. They are chiefly ; — The common oak (Quercus Rdbur), which is 
of even greater importance as a timber-tree (see Timber — Oak) ; the cork oak (Q. Suber), described 
at length under Cork (see pp. 722-9) ; the evergreen oak ( Q. Ilex') ; and the American chestnut- 
oak (Q. sessilijlora). These barks are among the most esteemed tannins as regards quality of leather, 
but are incapable of giving much weight, and from their bulk are costly to handle, containing 
onlv 10-12 per cent, of tannin (quercitannic acid). They give a reddish fawn-coloured leather, 
and deposit a good deal of bloom, but yield no gallic acid. The barks of the cork-oak and evergreen 
oak from S. Europe, are stronger and darker-coloured than English bark. The American chestnut- 
oak contains a peculiar fluorescent principle like msculin. 
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Our imports of nnspecified barks for tanners’ and dyers’ rise in 1880 were :-rl89^99 cwt., 
101,108/., from Australia ; 123,302 cwt., 32,974/., Belgium; 57,232 cwt., 20,988/., United States; 
22,100 cwt, 6030/., Holland ; 18,648 cwt., 3676/., Italy; 16,151 cwt., 6972/., Algeria; 22,669 cwt, 
8838/ other countries ; total, 449,501 cwt., 180,586/. Our imports of unennmerated bark^^xtracts 
in the same year were valued at 516,578/. from Holland, 92,654/. France, 30,187/. United States, 

16 315/. British N. America, 12,796/. Belgium, 13,769/. other countries; total, 682,299/. Our 
reexports of barks in 1880 were 19,548 cwt., 10,348/., to Germany; 14,627 cwt., 7425/., France ; 
4555 cwt, 3041/., Holland; 10,304 cwt, 6080/., other countries; total, 49,034 cwt., 26,894/. 

With regard to cork-tree bark, James Gordon & Co., Uverpool, obligingly write that very little 
comes to England, the great bulk going direct to Ireland, where the consumption is large. The 
imports at Liverpool in 1880 were 186 tons, average value 81. per ton. Of oak-hark, Hungary, in 
1877, produced 25,000 tons, of which, 20,000 were exported to Germany for tanning purposes. The 
approximate London market values of oak-bark are .-—English, 12-16/. per load of 45 cwt.; 
Foreign, tree, 5-8/. a ton ; ditto, coppice, 6-8/. In 1879, Algiers exported 12,660,047 Ailo. (of 
2-2 lb.) of tanning bark. 

Guehracho.— The local name quebracho, contracted from qtteWa-hacho (“ axe-bre£iker ”), is 
applied to several S. American trees possessing bard wood, belonging to distinct genera. They 
are chiefly as follows : — (1) Aspidosperma Quebracho, the quebracho bianco, a tree growing in the 
province of Catamaroa, Argentine Republic ; (2) Loxoptej ygium [ Qvebracjiial Lorentzii, the quebracho 
Colorado most prevalent in the province of Corrientes, the wood and bark of which come largely 
into commerce as tanning materials; (3) lodina rhombifulia, the quebracho flojo, whose wood and 
bark are mixed with those of No. 2; (4) Machoerium fertile [Tipuana speciosa\ the tipa, which 
affords both wood and bark of less tanning value than No. 2. It would seem that the wood and 
bark of No. 2 are by far the most largely employed, containing 15-23 per cent, of a bright-red 
tannin. The wood and an extract from it are imported into Europe. 

From information kindly furnished by James Gordon & Co., and Haw & Co., of Liverpool, it 
appears that the imports of quebracho-wood into Liverpool in 1880 were 200 tons, value about 
4/. 10s. a ton ; and of quehracho-baik, about 20 tons, none of which had been sold. 

Sumach, or Shumae (Fr., Sumac; Ger., Gerbersurmeh, Schmack). — The commercial term 
“sumach” is applied to the dried leaves of a number of 8. European and American tannin- 
yielding plants. These are chiefly as follows : — In Sicily, the European or tanning-sumach {Bhus 
fforiaria) ; in Tuscany, B. Coriaria, often adulterated with leaves of Pistaciu lentiscus ; in Spain, 
several Bhus spp., the products being divided into 3 kinds— Malaga or Priego, Malina, and Valla- 
dolid; in the Tyrol, the smoke-tree or fragrant or Venetian sumach (B. Cotinus) ; in France, 
Coriaria myrtifoHa, divided into 4 sorts— /iim/s, douzere, redoul or redon, and pudis, in Algeria, 
Tezera sumach (R. pentaphylla), used by the Arabs for making morocco-kather ; in N. Amerit^, 
the smooth or white sumach (i?. glabra'), tlie Canadian sumach (i?. canadensis), the staghorn sumach 
- {B. typhina), and the dwarf or black sumach (B. copallina). These are found growing wild in the 
countries indicated, and are further subjected to cultivation in some districts, notably in Sicily. 
B. glabra and B. copallina are recommended chiefly for extended cultivation in tte United 
States. 

The soil usually chosen for cultivation of the plants is poor and light ; but a much larger 
crop of leaves can be secured from strong, rich, deep soils, and it is generally admitted that the 
product in the latter case is also better. In Italy, limestone soils are considered to be especially 
suited to this culture, but the American varieties appear to be well adapted to sandy and clay soils 
as well. TliC primary requisite in a soil is that it should be well drained, the presence of stagnant 
water about the roots being exceedingly prejudicial. To prepare the soil for planting, it is 
ploughed as deeply as possible, and laid out in rows about 2 ft. apart. In Italy, small holes are 
nmde about 2 ft. long, 7 in. wide, and 5 in. deep, and a plant is inserted at each end. A more 
convenient method would consist in marking the field in shallow furrows in one direction 2 ft. apart, 
and then, with a heavy plough, tolerably deep furrows the same distance apart as, and at right angles 
to, the first. A plant may then be placed in the deep furrows at each intersection, the furrow 
again fiUed with the plough, and the earth pressed about the plant with the foot. If this were’done 
in early spring-time, as soon as the earth is 8u8Bciently dry to be conveniently worked, there can 
be no doubt that it would be successful, while it would certainly involve little cost. Plants are 
generally propagated from the young shoots which form each year about the base of an older 
plant, but may also be produced from cuttings made from young well-ripened wood, rooted by 
setting in a nursery or in frames, as in the propagation of grape-vines from cuttings. This latter 
method is scarcely ever required, however, when the cultivation has been started. Plants are also 
raised from seed, and seedlings are always found to be strong, vigorous, and thoroughly hardy ; but 
on account of the greater t.me and labour involved in their production, this method of propagation 
has not received extended application. The first-mentioned generally gives the quickest, and 
probably most satisfactory results. 
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In selectimg plants from any sonree, there are certain points to he observed : — (1) The shoots 
shonid come from young vigorous plants; (2) they should be over 1 ft. long; (3) those with 
large roots and few rootlets should be rejected; (4) those having white roots, covered with a 
fibrous, white, silky down, are also to be rejected, this being an indication of the presence of a very 
injurious subterranean parasitic fungus, capable of destroying the entire crop ; (5) a good shoot is 
straight, at least J in. diam., 18 in. long, furnished with numerous buds close to each other, root 
short, but covered with rootlets. Shoots for planting may be collected in autumn, after the leaves 
have fallen, and be preserved in a nursery until spring ; or this may be done in early spring, when 
the ground is very moist and soft. In either case, care should be observed that the rootlets are not 
injured by drying, or from any other cause. 

The culture to be given the plant is somewhat similar to that required by Indian corn : the 
earth about it should be kept tolerably mellow and free from weeds, and such conditions can 
probably be maintained to a degree suflicient for sumach, by working several times during the 
growing season with a cultivator, and passing through the rows occasionally with a plough. All 
this work is not absolutely necessary to the life of the plant, but its vigour, and consequently its 
yield in. leaves, may be considerably increased and strengthened thereby. After the first year, the 
number of operations may be diminished, but they should always be sufficient to keep the ground 
free from weeds and gmss. 

Shortly after planting, and when the plant is well set, the stock is pruned to a length of 6-8 in., 
when the plant is left to assume any form, and is no further pruned except by the process of 
collecting the leaves, unless hand-picking is resorted to ; in such case, after the 2nd year, pruning 
takes place each year in the fall or winter, the plant being reduced to a height of 6-10 in. After 
the 3rd year, the plant begins to produce the shoots from about its base, already mentioned ; these, 
if not needed for new plantations, should be removed each year, for if left to develop, they weaken 
the plant. If not removed during the summer, the operation should without fail be effected during 
the fall or winter. 

The 1st crop of leaves may be secured during the year following that of planting. This 
develops and matures somewhat later tlian that from older plants, and in Italy it is not collected 
until the end of August or the 1st of September; but there are reasons for believing that in the 
United States, especially in the N. States, the collection of leaves from native varfeties should be 
made much earlier, because the summer is much shorter, and the habits of the varieties grown 
differ from the Sicilian. All the leaves, except the young and tender ones of the extremities of 
the branches, are stripped off and placed in baskets, in which they are carried to a threshing-floor, 
where they are spread out in thin layers to dry. Here they must be frequently stirred and turned 
over, for which purpose a fork with wooden prongs is employed. In the fall, when grow this 
finislied, and before the leaves have had time to become red, those remaining on the extremities 
are collected. To this end, tlie branches are broken just below the tuft of leaves, and the latter 
are allowed to remain suspended to the branch by a piece of bark not detached, and left in this 
condition until nearly or quite dry. They are then collected and treated in the same manner as 
other leaves, but the product obtained in this way is always of inferior quality. 

After the 2nd year, crops of larger quantity and superior quality are obtained, and the collec- 
tion is made in a different way, and much more frequently. The two methods followed in Sicily 
are (1) pruning, and (2) defoliation. The first, which is the more ancient, but much less costly, 
requires less care, and is simple and rapid ; but it is injurious to the future condition of the plant, 
and the quantity of subsequent crops. The second, though slower, serves to better maintain the 
vigour of the plant, and the uniform quantity of the crop from year to year ; in consequence, it 
reduces the necessity for frequent renewal of stocks. 

Harvest by pruning is carried on in Italy as follows. During May, the lower leaves, which, 
from greater age, appear to have attained full maturity, and may be in danger of loss from falling, 
are removed in the same manner as described for collecting the leaves from yearling plants. Toward 
the end of June, and during the course of July, all branches bearing leaves are cut away, reducing the 
plant to the principal stock : by this means, the crop is harvested and the plant is pruned at the 
same time. But even in Sicily, the time for this operation is limited to no absolute period, and 
varies with the development of the leaf, as indicated by cessation of growth and increase in size. 
In this eondition, also, the leaves wiU have acquired their deepest green colour, and attained their 
maximum weight and best quality. It is farther stated that while this time varies according to 
locality, about Palermo it is never earlier than June nor later than July. The harvest by pruning 
must always be made by men accustomed to the work, and equal to the exertion required. 
Provided with a pruning-bill, they cut off all leaf-bearing branches, collecting them on the left 
arm, until each has cut as much as he can conveniently carry, when he places the armful on the 
ground with the butts in the direction of the prevailing wind, which, if tolerably strong, might 
carry away some of the leaves if turned in the opposite direction ; finally, he presses down the 
branches with his foot, to make the hejp more compact, and leave less surface exposed 4o the wind 
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and sim. Another laboarer deporats a second armful in the same place, presses it with his foot in 
like manner, and the two deposits constitute a bundle. At the close of the operation, there remain 
the young shoots which are formed about the base of the plant, the leaves of which are not fully 
developed, and consequently not fit for collection until at least 20 days later. After this time, they 
are removed by hand, care being observed not to injure the buds, especially if the shoots are to be 
used for stocks in the formation of plantations of the following year. 

Defoliation, or coUeotion by hand, is carried on whenever the leaf may be fully developed and 
ripe, beginning at first with the lower leaves, and continuing eventually te the ends of the 
branches. It takes place at 3 different times during the season: the 1st in May, the 2nd late in 
July or early August, and the 3rd in September. At the last collection, the extremities of the 
branches are broken down, and the leaves are allowed to dry before removal from the plant, as 
described under collections of the 2nd year. In the application of this method, the regular pruning 
is effected during the fall or winter, when the plant is dormant, and under such conditions the 
operation becomes a regenerative one, giving in this particular an advantage over the other 
method, in which the pruning is effected in the summer when the plant 'is in full vegetative 
activity, and so has a strongly deteriorating influence. In both methods of pruning, care should 
be observed to leave a long slanting section, upon which, water wUl be less likely to settle and 
promote decay. 

The leaves collected by either method are dried in the open field where they have grown, and 
when dried, are carried to a threshing-floor to be beaten, or at once to the threshing-floor and dried 
there. In the former, the operation is rather more rapid, but there is greater danger of injury by 
rain, the effect of which is very deleterious, especially if it fall upon the leaves when they are 
partially dried. The damage resulting from this cause is less if the leaves are not lying upon the 
ground, and are so arranged that the air may circulate freely about and under them. In the 
pruning method, the leaves are dried upon the branches and in the heaps where they are first 
deposited. Sometimes they are turned, but generally it is considered better not to disturb them 
until completely dried, and ready for transportation to the threshing-floor. In this way, they are 
protected to a greater extent from the action of direct sunlight, which is said to be injurious to the 
quality of the product. When the leaves are collected by hand, they are dried upon the threshing- 
floor, where they are spread in thin layers, and stirred 3-4 times a day. They are then beaten 
with a flail to separate the leaves from the branches and stems. If this be done during the middle 
of the day, when the leaves are most thoroughly dry and consequently brittle, they are reduced 
to small particles, producing what is called “ sumach for grinding.” But if it be done in the 
morning, or on damp days, when the air is charged with moisture and the leaves are tough, they 
are separated from the sterna more nearly entire and less broken, and the product obtained is called 
“ sumach for baling.” The stems remaining after the separation of sumach for baling still retain 
small particles of leaves attached to them, and they are therefore again beaten when perfectly dry 
for the production of a low-grade sumach, called by the Italians gammuzza. The products are 
classed as follows 

Sumach for baling relative market value 2 '5 

„ „ grinding „ 2-3 

„ from yearling plants „ „ 1-5 

„ „ ends of branches collected in autunm „ „ J-O 

To prepare these different grades for ultimate consumption, they are ground in mills Similar to 
those employed for crushing olives, that is, in which two large stone wheels follow each other, 
revolving upon a circular bed, the whole construction being about the same as the Spanish or 
Mexican arrastre. The sumach thus pulverized is passed through bolting-screens, to separate the 
finer &om the coarser particles. 

In Virginia, the leaves are collected and cured by the country people, and sold and delivered 
to owners of mills for grinding. Their particular object being to secure the largest possible 
quantity of product at the lowest cost, little attention is given to the quality obtained, or the 
manner of collecting. The most intelligent dealers in the raw material urge upon collectors to 
observe the following particulars The leaf should be taken when full of sap, before it has turned 
red, has begun to wither, or has been effected by ftost, to ensure a maximum value for tanning 
purposes. Either the leaf-bearing stems may be stripped off, or the entire stalk may be cut away, 
and the leaves upon it allowed to wither before being carried to the drying shed ; but care must be 
observed that they are neither scorched nor bleached by the sun. When wilted, they are carried 
to a covered place, and spread upon open shelving or racks to dry, avoiding the deposit in any one 
place of a quantity so great as to endanger the quality of the product by overheating and fermen- 
tation. Sumach should he allowed to remain within the drying-house at least one month before 
sending to,the market ; in case of bad weather, a longer period may be required. When ready for 
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packing for shipment, it should be perfectly dry and very brittle, otherwise it is likely to suffer 
injury in warehouses &om heating and fermentation. 

Buyers of sumach leaves for grinding depend largely upon colour for the determination of the 
value ; the leaves should, therefore, when ready for market, present a bright-green colour, which 
is evidence that they have suffered neither from rain after being gathered, nor from heating during 
the process of drying. Leaves having a mouldy odour or appearance are rejected. The Virginian 
crop reaches 7000-8000 tons, and is collected at any time between July 1 and the appearance of 
frost. 

There is an important difference in the value of the European and American products. The 
proportion of tannic acid in the latter exceeds that found in the former by 6-8 per cent., yet the 
former is much preferred by tanners and dyers. By using Sicilian sumach it is possible to make 
the finer white leathers, so much used for gloves and fancy shoes ; while by the employment of the 
American product, the leather has a disagreeable yellow or dark colour, apparently due to a colour- 
ing matter, which, according to Loewe, consists of quercitrin and quercetin, and exists in larger 
quantity in the American than in the Sicilian. 

The experimental results obtained by collecting sumach at different seasons were ; — 


Virginia, mixed, collected 

in June, gave .. 

.. 22 '75 per cent, of tannic 

» »> » 

July, „ 

.. 27-38 

„ R. glahra „ 

August,,, 

.. 23-56 

„ R. copaUina „ 

»» »* • • 

.. 16-99 

Sicilian, Coriana „ 

»» )• 

.. 24-27 


It is evident, therefore, that in order to secure the maximum amount of tannic acid, the sumach 
should be collected in J uly, but the colouring matter of the leaves has an important influence upon 
the value of the product. The leaves of the upper extremities of the stalks are always richer in 
tannic acid than those of the base: and the increase of age of the plant is accompanied by a 
general diminution of this acid. Yet the collection of the crop should be delayed as long as 
possible, because the diminution of tannin in the leaves will be abundantly compensated for by 
the quality of the product. 

Experiments upon the presence of colouring matters were made by treating gelatine solutions, 
and gave the following results ; — 

.. A nearly white precipitate. 

.. A decidedly yellowish-white precipitate. 

.. A dirty-yellow palpitate. 

.. A very dirty-white precipitate. 

.. A dirty-yellow precipitate. 

. . A slightly yellowish-white precipitate. 

It is therefore advised that for the purpose of tanning white and delicately-coloured leathers, 
the collection should be made in June ; while for tanning dark-coloured leathers, and for dyeing 
and calico-printing in dark colours, where the slightly yellow colour will have no injurious effect, the 
collection be made in July. It appears that for all purposes, the sumach collected after the 1st of 
August is inferior in quality. 

Fig. 1426 shows a mill for grinding sumach-leaves ; it consists of a heavy solid circular wooden 
bed a, 14 ft. diam., with a depression around the edge ft, a few inches deep and 1 ft. wide, for the 
reception of the ground sumach from the bed, and 2 edge-rollers c, weighing about 2500 lb. each, 
5-6 ft. diam., and provided with numerous teeth of iron or wood, thickly inserted. Most mills have 
to be stopped to allow the unloading of the bed, but this delay is obviated by an apparatus consist- 
ing of an angular arm d, attached to a scraper e, and worked by a lever /, which passes through the 
hollow shaft g and extends to the room above, where it terminates in a handle h. The scraper 
carries the ground sumach to the opening i, whence it is taken by an elevator to a revolving 
sieve or screen in a room above. After screening, the sumach is packed in bags, 15 to the ton, 
being always sold by that weight. The chasers and beds are inclosed in a case or drum, and tbe 
grinding is done by the application of power to the upright shaft g. The mills are fed from above. 
The packing is sometimes done by machinery alone. The best mills cost about 600?. In Europe, 
and in some parts of the S. States, sumach is still ground by stones revolving on a stone bed, and 
the sifting is often done by hand. 

E. Coez & Co., St. Denis, near Paris, make a sumach extract. It is concentrated to a syrupy 
consiotence in a vacuum-pan, and keeps well, exhibiting none of the acidity which is manifested 
by a simple decoction of sumach leaves. Sumach contains 16-24 per cent, of gallotannic acid, and 
is somewhat similar in tanning properties to myrobalans, but paler in colour. It is principally 
used for tanning morocco and other fancy leathers. 


Virginia, mixed, collected in June, gave 
*» )» o Jnly, ,, 

„ if. copaUina, „ August, ., 
„ if. ghbra, „ „ „ 

Fredericksburg mixed, „ „ „ 

Sicilian „ „ „ 
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The distnct'of Ancona yidds 200 tons per antinm of snmach, said to be equal tei and cheaper 
than the Sicilian, but mostly consumed locally. Palermo exported of “ ventilated ” sumach to the 
United States 120,043 bags (14 = 1 ton) in 1877, and 50,085 in 1878, the average value being 141. a 
ton. Trieste exported 7800 cwt. by land in 1877; in 1878, the shipments to Pnglainl were 
16,600 Kto. (of 2-2 lb.), value 1328 fl. (of 2s.), and in 1880, 91,800 hilo., 7344 fl. Enstehut in 1880 
exported 1400 tons, chiefly to 
Bonmania and Austria. Our 
imports in 1880 were 10,573 
tons, 133,2491., from Italy, and 
1047 tons, 12,4161., from other 
countries; total, 11,620 tons, 

145,6651. The approximate 
London market value is 15s.- 
16s. 6d. a cwt. for Sicilian, 10- 
11s. for Spanish. 

Valonia (Fb., Yelanedes ; 

Geb., Valanid). This is the 
commercial name for the large 
pericarps or acom-cups of 
several species or varieties of 
oak, chiefly Quercus ^gilops 
and Q, maordlepis. The former 
is found growing in the high- 
lands of the Morea, Roumelia, 
the Greek Archipelago, Asia 
Minor, and Palestine ; the latter 
constitutes vast forests in many 
parts of Greece, and especially 
on the lower slopes of Taygetos, 
towards iEtylon and Mani 
(Laconia). Prof. Orphanides, 
of Athens, alludes to a third 
species or variety called poHo 
galussa, which yields a superior 
kind of valonia, and namec^ by him Q, stenophylla. The chief localities of production in Asia 
Minor are TJshak, Borlo, Demirdji, Ghiordes, Adala, Nazlu, Buldur, Sokia, Balat, Troja, Aivalik, 
and Mytilene. The annual exports, mainly fix)m Smyrna, reach 600,000 quintals (of 2 cwt.), value 
about 400,000/, In Greece, the production is chiefly centred in the following districts : (1) The 
province of Lacedemonia, which aflbrded 10,000 cwt. in 1872 ; (2) the province of Gythium in the 
lower part of Mount Taygetos, which gave 60,000 cwt. in 1872; (3) the island of Zea’ which 
formerly yielded 30,000-40,000 cwt., lately reduced to 15,000 cwt. yearly; (4) Attica, especially 
the neighbourhood of Cacossalessi, grows 3000-5000 cwt., shipped from Oropos, in the Strait of 
Chalcis; (5) the island of Euboea, whence about 1000 cwt. are shipped annually at Bonffalo; 
(6) the province of Triphyllia raises 3000 cwt., which go to Trieste, via Cyparissie ; (7) the’ 
province of Pulos, especially the commune of Ligudista, grows over 2000 cwt., despatched from 
Navarino to Trieste ; (8) the province of Achaia has a yearly crop of 30,000-40,000 cwt., sh'lpped to 
Trieste from Coumpeli and Caravostassi, between Patras and Cape Papa ; (9) the smil towns of 
Anatolico and Astakos (Dragomestre) collect the valonia of the eastern parts of ^tylon, An«Lrnan,> 
and Cravassaras (a port in the Gulf of Arta), and of all the other western parts, to be sent to 
Trieste for shipment to England and Italy. .®tolia and Acamania furnish abundant crops that of 
1872 exceeding 100,000 cwt. The total area of the Greek valonia-yielding forests is said to be about 
13,000 stremme (of 119J sq. yd.). The total producUon in 1877 was estimated at 2 601 000 quintals 
(of 2 cwt.); the greater part is exported, about | going to Austria, and the rest to Italy and 
England. The proportions of tannic acid in the valonia from different districts of Greece are said 
to vary as foUows : Patras, 19-28} per cent. ; Gythium, 27}-35} ; Zea, 12}-25i i Vonitza 18-20 

In Turkey, the fruit ripens in July- August, when the trees are beaten, and the fallen aTOms left 
on the ground to dry. The natives afterwards gather them, and transport them on camel-back to 
stores in the towns, whence they go by camel and train to Smyrna, and are there placed in heaps 
5-6 ft. deep in large airy stores for some weeks, during which the mass heats, and the acorn itself 
which contains but little tannin, and is used for feeding pigs, contracts and falls from the cup’ 
This incipient fermentation is attended with considerable risk ; if carried too far a large proportion 
of the valonia becomes dark-coloured and otherwise damaged. When ready for shipment threaps 
are hand-picj:ed, the best being reserved for the Austrian market (Trieste), and the r^t going to 
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England. Income cases, the rnbhish having been removed, the remainder is known as “natnral,” 
and is thns exported to England. 

In Greek commerce, three qualities are distinguished, chamada, rhabdisto, and charchala. The 
chamada {camata and camatina of Asia Minor) is the best ; it is collected in April, before the acorn 
is matured, hence the cup which encloses the acorn is small and incompletely developed. The 
rhabdisto is the second quality ; it is collected in September— October, and is distinguished by the 
fruit being larger and riper ; the name means “ beaten,” the fruits being beaten down from the 
trees with sticks. After mid-October the collection ceases, because the first rains cause the fallen 
fruit to ferment or turn black, and they then take the name of charchala. They are distinguished 
by the cups being completely open, and containing no acorns. They are considered much inferior, 
possessing little tannin. 

Sometimes the acorn cup is attacked by a kind of honey-dew, which deposits on the cnp, and 
makes it very liable to heat when gathered, the cup becoming very dark and deficient in tannin. 
The Turkish crop of 1875 was much damaged from this cause, many parcels reaching England 
in an unsaleable condition. The cause of the disease is yet unknown ; it seems specially prevalent 
when the crop is large and the acorn fully developed. A good sample of valonia should be com- 
posed of medium-sized cups, with the rim or wall very thick, and the exterior spines small and 
uniform. The out or broken cnp should show a bright-drab fractured surface. Valonia contains 
25-35 per cent, of a tannin somewhat resembling that of oak-bark, but giving a browner colour and 
heavier bloom. It makes a hard and heavy leather, and is generally used in admixture with oak- 
bark, myrobalans, or mimosa-bark. 

The Greek crop in 1880 was much damaged by the cold spring ; it gave 600 tons in Aeamania 
and .^tolia, 650 in Cape Papa, and 1100 in Mania ; total, 2650 tons. Calamata and Messenia pro- 
duced 115 tons, 1700i. Syra exported in 1879, 11711. worth to Great Britain, 3481. Austria, 2591. 
Eussia, 2501. Turkey, 1781. Egypt. Hungary exported 912 tons in 1880. Adana shipped 91501. 
worth in 1878 ; and Dedeagateh, in the same year, 1,500,000 lb., 90001. Musyna [Mersineh] sent 
670 tons, 33501., to Italy, and 150 tons, 22501., to Austria, in 1879; and 480 tons, 22401., to Italy, 
and 128 tons, 6101., to Greece, in 1880. Our imports in 1880 were From Turkey, 30,391 tons, 
471,6371. ; Greece, 2916 tons, 11,3121. ; other countries, 166 tons, 71051. ; total, 33,773 tons, 
520,0541. The approximate London market values are .-—Smyrna, 12s. 6cl.-20s. Od. a cwt. ; Camata, 
15-19s. ; Morea, 10s. 6d.-18s. 

Miscellaneous. — Besides the foregoing tannins, which already occupy prominent places in 
European and American commerce, there are many others as yet of minor importance, but 
possessing qualities which may bring them into note in the near future. They are as follows 

Mks Larix bark, the larch, contains 6-8 per cent, of a red tannin. 

Acacia albicans fruits, the hiusaohe of Mexico, are used as substitutes for gall-nuts, costing 
locally about 5d. a lb. A. arabica, the babul of India, yields a tannin which gives a nearly pure- 
white precipitate with gelatine; the proportions are 12-55 per cent, in trunk-bark, 18-95 in 
branch-bark, 15-15 in twig-bark. The supply is unlimited. It works well with myrobalans. 
A, Cebil, the red cebil of the Argentine Republic, contains 10-15 per cent, of tannin in the bark, and 
6-7 per cent, in the leaves ; another variety, the white cebil, contains 8-12 per cent, in the bark, 
and 7-8 per cent, in the leaves. A. Cavenia, the espinillo of the Argentine Republic, has 33-4 per 
cent, of tannin in the fruit-husks. A. penninervis bark, the “ hardy ” acacia of Australia, contains 
18 per cent, of tannic acid and 3-4 of gallic. 

Alms glatinosa bark, the common alder, cont ains about 16 per cent, of tannin. 

Ccesafpinia Cacalaco fruits, the cascalote of Mexico, are very rich in tannic and gallic acids, and 
locally used for tanning. 

Comptonia asplenifolia leaves, the sweet-fem of the United States, contain 9-10 per cent, of tannin. 

Coriaria ruscifolia bark, the tutu of New Zealand, contains 16-17 per cent, of tannin. 

Elosocarpus dentatus bark, the kiri-hinau of New Zealand, contains 21-22 per cent, of tannin. 
E. Hookerianus bark, the poiaJo of New Zealand, contains 9-10 per cent, of tannin. 

Ephedra antisyphilitica, on the table-lands of Arizona and Utah, gives 11-12 per cent, of tannin. 

Eucalyptus longifoliahaik, Iho “woolly-butt” of Australia, contains 8-3 per cent, of tannic 
acid and 2-8 of gallic. The “peppermint ” tree contains 20 per cent, of tannic acid in its bark. 
The “ stringy-bark ” (E. obliqua) gives 13J per cent, of Mnotannio acid. The Victorian “ iron-bark ” 
{E. leucoxylon) contains 22 per cent, of kinotannic acid, but is available only for inferior leather. 

Eugenia Maire bark, the whaichako of New Zealand, contains 16-17 per cent, of tannin. E, 
Smithii bark, the “ myrtle ’’-tree of Australia, contains 17 per cent, of tannic acid and 3-4 of gallic. 

Fuchsia macrostemma root-bark is thin, brittle, and easily exhausted ; it contains about 25 per 
cent, of a bright-red tannin, which has been successfully tried. It is the churco bark of Chili, 
which, however, is attributed by the Kew authorities to Oxalis gigantea. 

Inga Feuillei pods, the pay-pay of Peru, contain 24 per cent, of an almost colourless tannin. 

Laurus Feumo rind is used in Chil^for tanning uppers. . 
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Mtilpighia pmieifolia Isark, the naudte, ae manguitta bark of Kicaragoa, contains 28-30 per cent, 
of a very light-colonred tannin. 

Persea Lingne bark is red-brown, soft, and easily exhausted by water ; it contains 20-24 per cent 
of tannin, and mnch slimy matter which promotes the swelling of the hides. It serves in S. 
America, especially in the Chilian province of Valdivia, for tanning Valdivia leather. In S. Chili, 
are enormous forests of the tree. The imported bark has given good results with heavy leathers. 

Phylhcladus tricomaneides bark, the kiri-toa-toa of New Zealand, contains 23 per cent, of tannin. 

Polygonum amphibium leaves, an annual plant abundant in the Missouri Valley, contain 18 per 
cent, of tannin, and can be mown and stacked like hay. It is largely used in Chicago tanneries, 
and said to give a leather which is tougher, more durable, of finer texture, and capable of higher 
polish, than that tanned with oak-bark. 

Punica Granatum fmit-rind, the pomegranate, contains about 13 '6 per cent, of a tannin like 
myrobalans, and a considerable quantity of starch ; the tannin is greatest in the bitter kind, which 
is used for preparing morocco-leather ; the root-bark also is rich in tannin. 

Bhizophora Mangle bark, the mangrove, of Venezuela, contains 24-30 per cent, of deep-red 
tannin, if obtained from young stems; samples from the W. Indies have given 11-94 per cent., 
probably by the gelatine process ; two samples from Shanghai, by Lowenthal’s improved method, 
gave respectively 9-8 and 9-5 per cent, calcnlated as oak tannin, and 71-96 and 78-52 of woody 
fibre. Guayaquil exported 9328 cwt. of the bark to Pern in 1879. 

Tecoma pentaphylla bark, the rc^le Colorado of Venezuela, contains 27 per cent, of tannin, 
accompanied by a soluble orange-red colouring matter. 

Wagatea spicata pods contain 15 per cent, of tannic acid. The plant, a scrambling shrub, is a 
nativq of the Concans. 

Weinmannia racemosa barb, the tawhero towai, or katnai of New Zealand, contains 12-13 per cent, 
of tannin. 

Bibliography. — J, G. Neubraud, ‘Die Gerbrinde’ (Frankfurt-a-M. : 1869); J. Wiesner, ‘Die 
Eohstofife de Pflanzenreiches ’ (Leipzig .- 1873) ; ‘ Wattle Bark ’ (Rep. Board Inquiry, Melbourne : 
1878); L. Wittmack, ‘Die Nutzpflanzen aller Zonen’ (Berlin: 1879); W. McMnrtrie, ‘Culture 
of Sumac, and preparation for market’ (Dep. Agr. spec. rep. No. 26, Washington: 1880); A. 
Hansen, ‘Die Qnebracho-Einde’ (Berlin: 1880); E. J. Bernardin, ‘ Classification de 350 Matieres 
Tannantes ’ (Gand .- 1880) ; F. E. v. Hohnel, ‘ Die Gerberinden ’ (Berlin : 1880). 

(See Acid — Gallic ; Leather). 

TEA (Fb., The ; Gee., Thee). 

The term “tea” is widely and vaguely applied to many plants (see pp. 2010-1), but is properly 
restricted to the numerous varieties derived by cultivation from two species of Thea, the Chinese 
(T. chinensis [Camellia Thea)) and the Assamese (T. assamica). As a result of long cultivation 
and promiscuous planting, there is scarcely a tea-garden but what is mainly filled with hybrids of 
all degrees between these two species. The Assam plant is vastly superior to the Chinese, and 
should be selected in all cases for rational culture. The seed of all is the same in appearance,' and 
cannot be distinguished. It ripens about one year after the flower has faded. When picked in the 
shells, it is sunned for J hour daUy for 2-3 days, “ shelled,” and spread to dry within a building. 
It should be sown as soon as possible after shelling : if kept for 2-3 weeks, it is best in layers under 
dry earth ; if for longer, thinly spread on the drying-floor. It travels well in bags i filled, or in 
layers between charcoal in boxes. Its formation reduces the leaf-crop, and should be limited to 
actual needs. It furnishes a valuable oil (see p. 1411), not to be confounded with the essential oil 
of the leaves (see p. 1431). About 30,000 seeds are contained in 1 maund (of 80 lb.), of which 
about f may be expected to grow. 

CuLTivATioir. Seed is sometimes sown in nurseries, where they can be well tended ; 

but this is costly, and the plants lose 3 months’ growth when put out. Nurseries may be dispensed 
with where cool weather and spring rains are certain, but not otherwise. Nursery-beds are made 
in the poorest soil of the plantation,' where watering is convenient. Artificial shade is essential. 
The beds are generally lower than the paths, to accupulate moisture, but may need to be above in 
some cases. The soil is loosened only to a slight depth, and the seed is sown in drills 6 in. apart, 
and the seeds 2-3 in. apart, if good. In the preparation of the ground, erection of shade, and general 
operations, there is little variation from the systems adopted with coffee (see pp. 691-8). The shade 
is removed gradually and piecemeal when the seedlings bear 4 leaves. 

When nurseries are dispensed with, the seed is sown where the bushes are intended to remain 
(called sowing “ at stake ”), About 4 weeks previously, holes are dug 9 in. diam. and 12 in deep 
the soil being placed where it wiU not fall back ; and these holes are filled up with surface soil (not 
that dug from them), with perhaps a handful of manure if the land is poor, and weU pressed down 
for the reception of the seed. Two or three seeds are sown in this 6 in. apart, and gently pushed 
down about A to. The ground is then kept clean by hand-v^eeding, and lightened up at intervals 
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by a koorpee. <rhe best plant is left at each hole, the others being taken np and transplanted to 
vacancies. 

Col. Money advocates another method of planting. The seed is put in layers alternating 
with mould, the seeds lying close together, and the earth covering them 2 in. deep. Each layer is 
examined every 3-4 days, and seeds which have burst are planted out root-side downwards. Only 
one seed need then be placed in each hole, as it is sure to grow ; but great care is demanded in 
performing the operation. 

Soil and Situation . — Tea grows on almost all soils, and flourishes on many. A light sandy loam 
is about the best, and the more humus there is on the surface the better ; if 3 ft. deep, it matters little 
what the subsoil is, otherwise a mixture of sand and clay is desirable. Col. Money considers the 
light loam of Kumaon the best tea-soil in the world, being enriched with long accumulations 
of oak-leaves. Soil cannot be too rich for tea growing, provided it is snlHciently light and friable ; 
the latter condition is absolutely essential, to permit the penetration of the spongioles (ends of the 
feeding-roots). Existing vegetation forma a pretty fair index of the fertility of the soil. Oak- 
bearing land is preferable to all others; but the removal of heavy forests adds much to the cost of 
taking in new land. Facilities for obtaining an abundant water-supply are quite indispensable ; 
and the presence of means of water-carriage for conveying the crop to market materially adds to the 
advantages of the estate. Flat land is preferable to steep slopes ; bnt the lower parts of slopes 
which are covered with jungle above are admirably adapted, as the vegetation diminishes the wash, 
and contributes rich fertilizing matters. Table-land cannot be too flat, but perfectly flat valleys are 
not eligible. Very narrow valleys are objectionable on all scores, and preference should be given 
to those which have a slope two ways. An adjacent stream for irrigation purposes is a great 
desideratum. Flat land always yields more heavily than slopes, as it admits of high cultivation. 
When planting on slopes, aspect is a primary consideration ; it should be carefully chosen with a 
view of counteracting the extremes of climate : thus the coldest aspect will be the best in very hot 
climates, and vice versa. 

Forming a Tea-garden . — The first step will usnally be to cnt and bum the jungle, much in the 
same way as already described for cofiee (see p. 692), a few large trees being left here and there 
(say 1 on every 2-3 acres) for sheltering the workmen, and shading picked leaf before it goes into 
house. Lining and holing are performed as in the case of coffee (see p. 693), the holes being 10 in. 
diam. and 15 in. deep. A garden of 100 acres is usually quite large enough to commence with. 
This should be divided into plots of 5-10 acres each, by means of paths or prominent stakes, the 
main object in view being to make separate sections for each portion of the crop that manifests any 
peculiarity in the number of its “ fiushes ” or the quality of its leaves, many advantages arising 
from treating the crop in a piecemeal fashion, as the forwardness or backwardness of any section 
may require. Close planting is recommended by the best authorities, say 4-4J ft. apart each way 
on fiat ground, and 3J ft. between the lines and 2 ft. apart in the lines when on slopes, to prevent 
wash. Close planting gives a greater number of bushes per acre, and keeps down weeds ; but 
sufficient space must be left for digging between the bushes and picking the crop. Col. Money gives 
the following useful table showing the number of plants per acre, and the area covered by one lakh 
of seedlings, at the distances named : 


Distances in ft. 

Sq. ft. to each plant. 

Plants in 1 acre. 

Area in acres covered by 

1 lakh of seedlings. 

lUaiABKS. 

6,by 6 

6 „ 5 

6J„ 4 

5 „5 

6 „ 4 

6 „ 3J 

5 „4 

6 „3 

4 „4 

5 „ 3 

4 „3 

31 „ 3^ 

3i „ 3 

6 „ 3J 

5 „3i 

5 „ 3J 

3i „ 2 

36 

30 

26 

25 

24 

21 

20 

18 

16 

15 

12 

12i 

lOi 

19i 

16i 

m 

7 

1.210 

1,452 

1,675 

1,742 

1,815 

2,074 

2,178 

2,420 

2,722 

2,904 

3,630 

3,555 

4,148 

2,233 

2,726 

2,489 

6,223 

82il 

69 

59i 

571 

55 

48 

45iJ 

ill 

361 

34J 

27J. 

28 

24 

44i 

36J 

40 

16 

1 

Too wide for any 
plants. 

For hybrids, but 
still rather too wide. 

Good distances for 
hybrids. 

Chinese, for early 
return. 

Chinese. 

Hybrid. 

Chinese. 

Best distance for 
Chinese on steep 
slopes. 


On fiat land, he advises— hybrid,^if high-class, 4 x 3J or 4i x 4 ; Chinese, 3 x 3^. 
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Planting . — Abont a fortnight before setting ont the seedlings, they are “ tipped*'’ by pinching' 
off the closed leaf at the head (see Fig. 1430), which makes them hardier. The removal of the 
seedlings is much facilitated by flooding the bed with water, as described for cinchona (p. 803), 
and similar care should be taken to have a good mass of soil around the roots. A good plan in 
taking up is to cut a trench below the bed, and then turn over line after line of seedlings by 
inserting a prong behind. The plants are carried in baskets to the garden, and there placed in 
little holes made with the hand or a narrow kodalee within the soft soil which has previously 
(p. 1994) been filled into the pit. The planting must be done so that the tap-root shall not turn 
up, that the rootlets shall preserve their lateral position, that the “ collar ” of the plant (where it 
issued from the ground in the nursery) shall be 1^ in. higher than the surrounding surface, and 
with so much pressure that the soil shall not cake abont the plant, and shall be equally close at all 
depths. Cloudy and rainy days are the best for transplanting, but very wet weather is highly 
objectionable. In India, the operation is best performed by mid- June, and should not in any case 
extend beyond the end of July. Jebeu has recently introduced some new tools for transporting 
and transplanting, which are highly approved of. 

Cultivating and Pruning . — The soil overlying the roots of each plant should be repeatedly 
lightened up for the admission of air. This is best done by digging round the bushes with the 
kodalee, beginning at about 9 in. from the stem, and extending 2 ft. in all directions after the 
second year, taking care to use the blade of the tool so that it follows the line of the roots. A wide 
hoe is perhaps as useful a tool for this purpose. Till the plants are I year old, the soil for 6 in. 
round is only opened up about once a month with the koorpee. Weeds must be rigorously kept 
down, which is beat done with a Dutch hoe. The weeds may be buried in trenches between the 
lines. 

As it is only young wood and shoots that give leaf, pruning is essential to produce large crops. 

It most be done while the sap is down, and should be as soon as possible after the sap has gone 
down. It can only be performed in a rough and ready way, as the time is limited and the number 
of bushes to be treated is very great. Pruning-knives and hedge-bills, such as supplied by Brooker, 
Dore, & Co., London, are the best instruments. The same care in pruning the large branches must be 
exercised as with all other plants i the cut must be clean, sloping upwards, and not near enough to 
a bud to injure it. Such care cannot be taken with the numerous twigs. The plant should be 
induced to grow laterally, but not to exceed 4 ft. high. All branches less than 6 in. above ground 
should be pulled off downwards with a sharp tug. The centre of the bush must be opened out. 
No plant should be pruned for 18 months after transplanting, or the tap-root will not descend 
sufiSciently. After that, all must be pruned, but some more than others. Two-year old plants 
over ^ ft. high may be reduced to 20 in., and their tl.ick wood to 11-18 in. It is better to prune 
too much than too little. The prunings are buried whde green between the lines, and form good 
manure. 

Other tools suppUed by Brooker, Dore, & Co., to Indian tea estates are the solid kodalee 
(Fig. 1427), the cast-steel wedge-axe weighing 3 lb. and upwards (Fig. 1428), and the steeled 
Assam fork, with either 3 or 4 tines, weighing 4-5i lb. (Fig. 1429). 

1428. 1429 




Plhng up Vaeanc>es.-Fdhng up the v^ncies left by the failing of some plants is usually a 
hopeless undertakmg m the case of tea, as the young seedlings get destroyed by the weedinsr Id 
are starved out by the surrounding mature plants, consequently Indian tea-gardms have 12 Jo ncr 
^nt of their area wasted by vacancies. Jeben’s transplanter may perhaps succeed in overcoX 
the difficulties encountered. Meantime Money recommends a nlan of nlanttno- 1,. * j 

the young plants, which has answered well. Earthenware pots S tom fnd ' Z I 
a 2-in. hole in the bottom, are filled with sod from the gardL ; 2 m 3 iedlrfpuriTto 
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the centre anj J in. below the surface ; and the pots are placed near water and under artiflcial 
shade. When germinated, the best seedling is left in the pot to grow till the rains, being watered 
occasionally, and gradually deprived of shade. After the first rain, the pot is removed to a hole 
prepared at the vacancy ; the bottom of the pot is knocked off, the sides are broken and partially 
removed, and the whole is planted and earth is filled in round. With care, the rootlets are not 
disturbed, and the growth is not checked for a day. Bamboo baskets do not give such good 
results. Money proposes to modify this plan so as to avoid destruction of the pots, as follows : — 
The pots are made larger, and provided with a tin lining about 1 in. less in diameter, the inter- 
vening space being filled with sand ; the tin lining is then removed, and the layer of sand permits 
the subsequent extraction of the plant with mould caked around it without breaking the 
pot, which may thus be used indefinitely. A somewhat similar plan is adopted with cinchona 
(see p. 802). 

Manures. — Judicious manuring nearly doubles the yield of tea, and at the same time improves 
its flavour and increases its strength. An excellent manure available on all tea-gardens consists 
of the pruuings of the hushes themselves, and the weeds and general garden rubbish. Of animal 
manures, the best are nightsoil and bird-droppings, and the next best is cattle-manure ; horse-dung 
is heating, and needs to be used with care. Artificial chemical manures will probably come into 
extensive demapd, as they have done for coffee, sugar, and other tropical crops. One highly 
spoken of is known as Money and Ponder’s, and is manufactured by J. Thompson, Kooshtea, 
Bengal. 

Manure should be applied to each bush, by laying it in a trench 9 in. wide and 6 in. deep, dug 
all round the bush at a distance of 6-12 in. from the stem, according to age, and covering it over 
with earth. Where there is not sufficient for this plan, it may be put into trenches between the 
lines, so that it will be accessible to the feeding-rootlets. The quantity of cattle-manure suitable 
for 4-year old bushes is 1 maund (of 80 lb.) for each 10-20 bushes, decreasing for younger 
plants. ’ 

Diseases and Enemies. Crickets. — These insects attack only young seedlings, whether in the 
nurseries or in the fields, about 2-3 in. high, cutting through the stem, and carrying away the 
leafy top to their holes. They seem to be most destructive on low lands, but their ravages cease 
when the stem of the plant is as thick as a stout pencil. The only remedy is to set boys to work 
to find their holes, and unearth the insects, paying according to the number brought in. 

Ants. — White ants are a much more formidable pest, as they work in myriads, and attack even 
the largest bushes. Fortunately they have a deadly enemy in the black ant, but other precautions 
are necessary against them. Between the rains and the setting-in of the cold weather they most 
frequent the bushes, which latter should be examined for them in the autumn and the spring, and 
well shaken to effect their dislodgment. The best application to drive them away is petroleum, 
the refined kinds being more effective but more expensive than the crude. It may be sprinkled 
after diluting with water, or simply painted in rings around the stems and on the infected spots. 
Water impregnated with tobacco or tobacco-oil is less permanent in its efficacy. 

Blight. — This is most detrimental to the yield of a garden, as the young leaves become covered 
with brown spots, and shrivel up. Money recommends pruning off the diseased branches, and 
admitting air to the roofs by scraping back the soil for 2 ft. round the stem, till the roots are 
nearly bared. 

Flushes and Picking. — A “ flush ” of the tea-plant is when it throws out new shoots and leaves, 
the latter constituting the tea of commerce ; thus the return from a tea-garden is governed by the 
numbeftind extent of the flushes per season. These again depend upon the climate, soil, pruning, 
and cultivation ; they may be said generally to range between 25 (in good soil and climate, with 
high cultivation and plenty of manure), to 18 (where no manure is used, and the cultivation is not 
high). The average flushing-period is 7-9 months, except for very elevated gardens, when the • 
climate reduces it. Thus, in moderately high situations, it may last from early April to late 
October, giving 12-15, perhaps 18, flushes; in Upper Assam, Feb. 25 to Kov. 15; Lower Assam, 
Feb. 20 to Nov. 20 ; Cachar, Feb. 20 to Nov. 20 ; Chittagong, Mar. 10 to Dec. 20 ; Terai below 
Darjeeling, and W. Dooars, Mar. 1 to Nov. 20. These dates are fixed upon by Money, who 
considers that 25 flushes should be got within the periods stated. The average intervals between 
the flushes are approximately 7-14 days, varying with circumstances, and including abnormally 
long breaks which are sometimes caused by untoward weather. 

Fig. 1430 illustrates the way in which the successive flushes occur, and the system of picking 
recommended by the best authorities. The harder a tea-bush is picked, within certain limits, the 
greater effort it will make to renew the leaves thus lost, and the greater the yield of leaves to be 
picked. The ordinary plant at the end of the season measures 3J-4 ft. high and 5 ft. diam., and 
is then pruned down to 2 ft. high and 3 ft. diam. ; thus it remains during hybernation. In the 
spring, the buds at the bases of all the leaves, and which are the germs of future branches. 
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gradually develop into shoots having 5 or 6 leaves with a closed bnd at top. the bases of these 
leaves are other hods, which similarly develop in time. The fully developed shoot has 6 leaves, 
inclnding the bud, marked abode f ; it has started &om a bnd k at the base of the leaf h, and 
now forms a complete “ flush.” The leaves a b, &c. have also buds 12 3 4, which wfll likewise 
develop in turn. 

Assuming the shoot 4 to be the first on the branch », it forms the basis of future crops on that 
part of the bush, and must not be removed. But its tendency to throw out new shoots is much 
increased by nipping off the bud a, in such 
a manner as not to injure the bud at the 
base of b. The lines indicate the points 
at which the leaves are nipped so as to 
avoid hurting the buds. The leaves ab 
are covered with a white silky down, and 
make a white or very pale yellow tea (not 
infusion), which, mixed with ordinary tea, 
constitutes “ Pekoe tips,” and adds much 
to the value. With the advance of the 
crop, it is practically impossible, by reason 
of the great cost for labour, to pick the 
various Muds separately : but in the first 2 
or three flushes, no more than a and b ought 
to be picked, and they will then make a 
small quantity of white Pekoe tips. Later 
on, the colour becomes orange. 

The value of the leaves depends on 
their succulence, which is coincident with 
their youth. The youngest leaf makes the best tea, and the order of merit is :—a gives Flowery 
Pekoe ; b, Orange Pekoe ; c. Pekoe ; d, First Souchong ; e, Second Souchong ; /, Congou ; abc mixed 
Pekoe; abode mixed. Pekoe Souchong; if there were a leaf picked below / it would mnVo 

Bohea. The best cultivators do not take any leaf below e. The succulent stalk down to the line 

marked 2 also forms good tea. It would be a great advantage to the product if each leaf could be 
separately picked and manufactured, so as to modify the treatment according to requirement but 
the labour entailed is enormously costly, and the universal practice is to pick and manufacture all 
indiscriminately, trusting to the final sifting and sorting process (p. 2002) to separate tlie various 
kinds with more or less precision. 

Money recommends the following plan in picking. If the garden has been pruned as it ou»ht 
to be, take only a for 2 flushes ; for 2 more, nip the stalk above 1, taking the upper part of c°aB 
shown; from the 5th flush, take off the shoot at the line above 2, and by a separate motion of the 
fingers take off at e at the line. By this plan, when the rains begin, the trees will show 

a large picking surface, for plenty of buds will have been preserved for new growth. After 

August, pick lower if desired, as the trees cannot be hurt : for instance, nip the stalk and upper 
part of « together, and separately the upper part of/. The principle of picking is to leave in^t 
the bud at the axis of the leaf down to which picking is carried. Some planters pick all through 
the season at the line above 1, and take d and perhaps e separately. This plan will make strong 
teas, but the yield wUl be smaU ; the plants will also form so much foliage that they will not flush 
weU, and will grow so high that the boy pickers wiU not reach the top. The principle advocated 
by Money is to prune severely, so that the plant shall throw out many new shoots; to be sparing 
with these until the violence done to the tree is in a measure repaired ; till September to pick so 
hard that the wants of the plant in foliage are never quite attained; and after Septemter to take 
all that can be got. ’ 

MANUFACTtiEi!.— The aim of the manufacturer should be to produce those qualities which are 
sought after by the buyer. Brokers judge of tea by the tea itself, the infusion or “ Honor ” 
;md the spent leaves or “ onU^.” The tea should be of uniform greyish-black with a glL on 
It ; it should be regular m length and twist, and all of one kind. The liquor should have a strong 
rasping, pungent flavour; there are many special sub-flavours which cannot be described The 
out-turn should be unfformly of the colour of a bright new penny, with greenish rather than black 
leaves interspersed. Every parcel of tea should be infused and tasted as made and binned with 
great care according to its quality. The one difficulty in tea-making is to get Pekoe tips in all 
Pekoe teas. If the leaves giving tips are separately manufactured,— rolled very Uttle and Bghtlv 
not fermented at all, sunned after rolling, and finished in the sun or above the drawers to the 
dAofe-house,-they wiU give perfect white tips ; but if mixed with the other leaves, thev absorb 
juice from them m the roUmg, and become aU black alike. In some tostonces it will pay to 



separate the a and 6 leaves by hand ; machines invented with that object will be described in due 
order. * 

The several processes to which tea is subjected are withering, rolling, fermenting, sunning, 
and firing or dholing. 

Withering . — Withering is effected by a combination of light, heat, and air, best attained by 
spreading in the sun, when the weather is favourable. Failing this, withering in pans and dholes 
may be resorted to, but always renders the out-turn more or less green. It is better spread on 
bamboo mechans placed in every available sheltered and ventilated space, and on wire-mesh frames 
suspended so as to draw up under the roofs of the buildings. Ventilated houses of iron and glass 
have also been built for this purpose. But artificial withering is always inferior to the action of 
the sun. In dry weather, the leaf as brought in should be spread thinly anywhere that is con- 
venient, and turned once in the niglit ; if not ready for rolling next morning, J hour in the sun 
will generally complete the withering. In imsettled weather, every hour of chance sunsliine should 
be availed of. The testa for properly withered leaf are that it gives no crackling sound on being 
crushed in the hand, retains the shape to which it is compressed, feels like old rags, and the stalks 
bend without breaking. Men put in charge of the withering operations should be kept to that 
alone, and the same rule should be adopted with the other processes. 

Bolling . — Some planters advocate circular rolling ; some roll the leaf forward, but bring it back 
without letting it turn ; the ordinary forward and backward 'motion is the simplest and quickest, 
and that which rollers adopt when given a certain quantity (say 30 lb.) of leaf to roll for a day’s 
work. Boiling in hot pans, formerly extensively practised, is not much done now, and has no 
advantage. Bolling on coarse mats placed on the floor is a great mistake, as the coarse bamboo 
mat breaks the leaf, and much of the juice from the leaf, which adds to the strength of the tea, 
runs through and is lost. 

A smooth rigid table 4§ ft. wide, with planks well joined so that no apertures exist for the juice 
to run through, is best to roll on, especially if covered with a fine seetul-pattie mat, nailed down over 
the edges. A border of wood 1 in. above the surface of the table is screwed on to the edges over 
the mat, to prevent leaf falling off. The leaf is rolled by a line of men on each side, who pass it 
up one by one from the bottom of the table to the top. The passage of each handful of roll is 
regiilated by the manat the end, who, when it is rolled enough, forms it into a tightly compressed 
ball, and puts it on an adjacent stand. The roll is ready to make into ball when it is soft and 
“ mashy,” and when it gives out juice freely. This juice is mopped up into the roll, again and 
again in its passage up the table, and finally into the ball when made up. 

Coarse leaves in the roll cannot be twisted, and if left would give much red leaf in the tea. 
They should be picked out ty the 3rd or 4th man from the head of the table, who should not have 
to roll at all. He spreads the roll and picks out as much as he can between the time of receiving 
and passing it on, in no case allowing roll to accumulate by him, or it hardens and dries, and gives 
extra work to bring it into a mashy state again, besides helping to destroy Pekoe ends, and being 
injurious to the after-fermentation. 

Many apparatus and machines have been invented for rolling tea, mainly with the object of 
reducing the labour, and increasing the proportion of Pekoe tips. 

McMeekin’s rolling-table is constructed of battens, so that while rolling, many of the small 
leaves (Pekoe tips) fall through. This table is well known in Cachar, and used in several gardens, but 
the objection to it is that the leaf must be rolled lightly, and such leaf cannot make strong tea. Pekoe 
tips may be in a great measure preserved by rolling all the leaf lightly on a common table, but this 
plan nill not give so many Pekoe tips as McMeekin’s table. Planters still feel the want of 
a machine to separate quickly and cheaply the two said small leaves from the others after 
they have been picked together. All the other processes can be done cheaply by hand, but this 
cannot. 

Kinmond’s rolling-machine consists of two circular wooden discs, the upper one moving eccen- 
trically on the lower, which is stationary. The adjacent faces of the discs are made rough by steps 
in the wood, cnt in lines diverging from the centre to the circumference, and over these rough faces 
is nailed coarse canvas. The leaf is placed between the discs and rolled by the motion described, 
the lower disc being arranged by weights and pulleys, to press against the upper with any force 
desired. The motive power may be animal, water, wind, or steam. The machine is shown in 
Fig. 1431. The rolling of the leaves is effected between superposed horizontal plates, a b, the 
opposite faces of which are recessed to a depth of 3-4 in., these recesses being corrugated to aid the 
rolling and prevent the leaves from slipping. The under plate a is mounted upon 3 strong cranks 
arranged equidistantly in a triangle ; the shafts supporting them are carried by exterior plummer- 
blocks, one having a revolving motion imparted to it by bevel-gearing e from a driving-shaft /, 
carried also by exterior plummer-blocks, and provided with fast and loose pulleys. The plate a 
thus receives a horizontal circular traversing motion, but it has no rotating motion around its own 
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a-ria^ neither has it a rising-and-falling motion. The upper plate i is similarly sounded from 
cranhs connected by a triangular frame, the shaft g having a revolving motion imparted to it by 
spur- and bevel-gearing A from the shaft /. The various levers and weights shown are for the 
purpose of raising the upper plate for the tea to be fed in, and to enable the pressure to be adjusted 
according to requirement. 

Jackson’s rolling-machine is an improvement upon Kinmond’s, but is declared to be an infringe- 
ment of the latter. It is shown in Figs. 1432, 1433. a is a cylinder composed of teak staves, with an 


1431. 



uneven internal surface, moimted so as to be capable of rotation, supported at one end on rollers 5, on 
the main frame of the machine, and at the opposite end upon a sleeve c, supported in a bearing on the 
frame. Through the sleeve passes a central shaft d, bearing at the opposite end on the main frame 

1432. 1433^ 



This shaft carries a roller e, having an uneven external surface, and of such dimensions that an 
annular space is left between it and the cylinder a, Eotary motion is imparted in opposite direc- 
tions, as indicated by the arrows, the roller receiving the greater speed. A supply of tea-leaf is 
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introduced int^j the feeding-trough /, whence it passes down a hopper g, and tlirongh an opening h, 
in the non-rotating end of the cylinder a. 

Ko rolling-machine, probably, will supersede entirely the necessity of hand-rolling : a machine 
is very useful to roll the leaves partly, to break the cells, and bring the leaf into a soft, mashy 
state, so that very little hand-labour will finish it ; but machines do not give the nice final twist 
which is obtained by the hand. By employing both, very few rolling-men suffice to manufacture a 
large quantity of leaf. 

Kelson’s rolling-machine does not profess to do more than prepare the green leaf for rolling. 
The leaf is placed in bags, and compressed under rollers attached to a box weighted with stones. 
The inventor states that it will prepare 80 lb. of green leaf in 15 minutes, and that one man can 
then finish as much prepared leaf in 3 minutes as would otherwise occupy him 12 minutes. The 
machine is inferior to Kinmond’s in arrangement, and ought to be very cheap, as it is simply a 
mangle. 

Fermenting. — The balls accumulated by the rolling-men are allowed to stand until fermented, 
which is, perhaps, the most important point in the whole manufacture. Some planters collect the 
roll in a basket, and let it ferment there instead of in balls. But when a quantity is put into a 
basket and allowed to ferment a certain time, the first part is more fermented than the last ; while 
balls can be taken in the order in which they were laid on the table, and thus each will receive the 
same amount of fermentation. Further, the twist is better preserved by the balls, and a large 
quantity in a basket is apt to ferment too much in the centre. It is impossible to describe with 
useful accuracy when the balls are sufficiently fermented. The outside is no criterion, as it varies 
much, according to the degree of withering. The more the leaf is withered, the thicker in con- 
sistency and the smaller in quantity is the juice that exudes, as also the yellower in colour ; 
further, the darker is the outside of the balls. Bright rusty-red is the colour of moderately- 
withered leaf ; very dark greenish-red when much withered. A good rule is that half the twisted 
leaves inside shall be rusty-red, half green ; but practice alone can guide. The process is quicker 
in warm than cool weather, but requires no fixed time. It should be stopped in each ball just at 
the right moment by breaking up the ball, and spreading it out very thin ; at the same time any 
remaining coarse leaves are picked out. 

Sunning. — The fermented roll is immediately spread very thin on dhallas or mats in the sun. 
When become blackish in colour, it is collected and re-spread, so that the whole shall be equally 
affected. In bright sunshine, on hour or less suffices ; it is then placed at once in the dholes, pre- 
viously got ready to receive it. In wet weather, directly the balls are broken up, and the coarse 
. leaf is picked out, the tea is sent to the dholes; but the best tea is made in fine weather. 

Firing or Vholing. — The least delay between breaking up the balls and beginning to drive off 
the moisture is injurious. In wet weather, unless there are many dholes, time will not permit each 
roll to be finished. The only plan then is to half-fire them, to avoid injury by delay; but in any 
other case, the roll should not be removed from the drawer until it has become tea. The roll in 
each drawer is shaken up and respread 2 or 3 times during the firing. The rolls remain in the 
drawers under the influence of the heat of the burning charcoal till it is quite dry and crisp, and 
thoroughly brittle. 

By the old plan of firing, a single wicker sieve was inserted in a bamboo frame called a dhole, 
placed over a charcoal fire in a hole in the ground. Several inventors have improved upon this 
crude and wasteful method. McMeekin’s chest of firing-drawers, now generally used, consists of 
a system of drawers or trays fitted in a frame one above another, the bottom of each tray being 
made of flhe iron wire, so that the heat of the charcoal, in the masonry receptacle over which 
it is placed, ascends through all the drawers, and “ fires ” or dries a large quantity of “ roll ” 
at the same time. The economy of fuel is great, but Money thinks that with 4 or 5 super- 
imposed drawers, the steam ascending from the lower ones must more or less injure the roll above ; 
he confines himself to two, and in the top tray leaves a small circular space by which the steam 
from the lower drawer can escape. The escaping heat is partially utilized by placing dhallas in 
tiers above, with roll in them, supported by iron rods let into the wall ; they are useful for partly 
drying roll, and for withering leaf when there is no sun. 

Some planters have proposed to do away with charcoal under McMeekin’s dra^rs, supplying its 
place by hot sir. It was long supposed that the fumes of charcoal were absolutely necessary to 
make good tea. Col. Money has disproved this by making as good or better tea without charcoal, 
and drying chambers using hot air generated in outside furnaces are coming into favour. The 
advantages are : — (1) The economy of f of the fuel used ; (2) cleanliness and absence of charcoal" 
dust ; (3) absence of the objectionable carbonic acid fumes of charcoal ; (4) immunity from fire ; 

(5) greater speed in the firing process, and saving of all the labour employed to make charcoal ; 

(6) reduced temperature in the tea-houses. 

Green Tea. — For green tea, the leaf is brought in twice daily : that coming in at 1 p.m. is partly 
made the same day; that brought in at evening is spread 6 in. thick till next morning.^ If either 
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arriTes wet, it most be dried, the former before going into the pans, the latter befot^ being spread. 
The dry leaf is pnt into thick pans, 2 ft 9 in. diam. and 11 in. deep, set sloping over firejdaces, 
and nnmbeiing 4 or 5 for every maund (80 lb.) of tea to be made per diem. The pans are heated 
to about 71° (160° F.), and the leaf is stirred for about 7 minutes with flat sticks, till it becomes 
moist and sticky. It is next rolled on a table till it gets a little twisted (say 2 or 3 minutes), and 
is laid out 2 in. thick on dhallas in the sun for 3 hours, being rolled three times in that period, for 
not more than 3 minutes each time, when it has become blackish on the surface ; it is then spread 
out as before. After 3 rollings, it should have a good twist. It is replaced in the pans at the same 
heat, and worked with the stick till it is too hot to hold (say 2-3 minutes). Next it is stuffed as 
tightly as possible into bags 2 ft. long and 1 ft. broad, made of No. 3 canvas; the mouths are tied 
up, and the bags are beaten heavily to consolidate the contents, and thus left for the night In the 
morning, the tea is turned out, and worked with the sticks in the pans at a temperature gradually 
falling from 71° (160° F.) to 49° (120° F.) : the green colour is thereby produced. The leaves of 
the Chinese plant make the best green tea, while hybrids are best for black. 

Sifting and Sorting. — The.se operations constitute a very important item in the manufacture, as 
they may make a difference of 2-3 annas a lb. in the selling-price of the tea. Tea-sieves are round, 
and either of brass wire with wooden sides SJ in. high, or of cane with bamboo sides IJ in. high. The 
latter are Chinese, and superior in every way to the former. Both are numbered according to the 
orifices in 1 linear in., the brass numeration including the diam. of the wire, and thus giving a 
slightly less aperture than the corresponding number in cane sieves. Tea should be sifted daily, 
taking that made on the previous day, and be binned in that state. For daily sifting in an 
ordinary garden, the sieves (Chinese) required will be : 4 of No. 4, 6 of No. 6, 6 of No. 7, 9 of No. 9, 
9 of No. 10, 6 of No. 12, 4 of No. 16. Bed leaf is carefully picked out before commencing to sift. 
No rules can be laid down for sifting and sorting ; much practice is required to make an efficient 
sifter, and no two batches of tea will demand precisely the same treatment. Hence the general 
failure of sifting-machines for this purpose, since they cannot be worked economically and at the 
same time adjusted to suit all needs; fanning-machines, however, may be used to separate dust 
and open leaves. 

The classification of black tea is according to the size, make, and colour of the leaf, the ordinary 
descriptions being Flowery Pekoe, Orange Pekoe, Pekoe, Pekoe Souchong, Souchong, Congon, 
Bohea ; and of broken kinds, Broken Pekoe, Pekoe Dust, Broken Mixed Tea, Broken Souchong, 
Broken Leaf, Fannings, and Dust. 

Flowery Pekoe generally preserves a uniform greenish-grey or silver-grey tint. Its liquor is 
very strong, in flavour approaching green teas, but infinitely superior, having their strength and 
astringency without their bitterness ; it is pale, and the infused leaf is of a uniform green hue. 
When too much heat has been employed, dark leaves are intermixed, and the prevaUing green is 
sprinkled with leaves of a salmon-brown tinge, which is the proper colour for the out-turn of any 
other ordinary black tea. A common mistake is to call ordinary Pekoe containing an extra amount 
of Pekoe ends. Flowery Pekoe. When strong and of Flowery Pekoe fiavour, it is called a Pekoe of 
Flowery Pekoe kind. In England, Flowery Pekoe is worth about 4s. 6d.-6s. Gd. a lb. 

When the Pekoe ends are yellowish or orange, and the leaf is very small and even, the tea is 
called Orange Pekoe. In fiavour, it is much the same as ordinary Pekoe, and many growers send 
away the two varieties in the finished state mixed together. Its value is 2-4d. a lb. more than 
Pekoe. 

Ordinary Pekoe is of blackish or greyish-black aspect, dotted over with greyish or yellowish 
leaves possessing the downy appearance which gives the name to Pekoe. In general, the whole 
leaf is not covered with down, but only a part of it which has been developed late. These are 
called “ Pekoe ends ” when very small. Pekoe is generally of good to fine flavour, and very 
strong, and its liquor is dark. Its value is 2s. 9d,-3s. Sd. a lb. 

The term Pekoe Souchong is generally applied to a Pekoe that is deficient in Pekoe ends, or to 
a bold Souchong leaf with a few ends mixed. It is often applied to an unassorted tea, including 
perhaps Souchong, Congou, a few Pekoe ends, and some broken leafs. Prices average 2s. Sd- 
2s. lOd a lb. 

Broken Pekoe is Pekoe which has been broken in manipulation or otherwise. It possesses the 
strength and fin#flavour of a full leaf of Pekoe, being therefore only inferior to it in point of leaf. 
In value, it is very little inferior to Pekoe, sometimes even superior, as the tender Pekoe ends are 
frequently broken off in large quantity, adding to the value of the broken tea, while deteriorating 
the Pekoe. Ordinary prices are 2s. 6d.-3s. 4<i. a lb. 

Pekoe Dust is broken so small as to resemble dust. It is of great strength, though often not 
pure in flavour, as frequently any dust or sweepings from other tea is mixed with it to make the 
lot larger. The price may range from Is. fid. to 2s. 8d. a lb. 

Souchong may be taken as the medium quality, and, when experience and skilled labour are 
employed in the manufacture, as the bulk of the produce of an estate. The qualifications are an 
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even, stisighf* or slightly curved leaf, in. long. It has not the deep strength of Pekoe, but is 
generally of good flavour and fair strength. Prices are Is. 10d.-2s. 8d. a lb. 

Congou may be either a leaf of Souchong kind, but too large to come under that class, or a 
smallish-sized leaf, too unevenly made, or too much curled. The flavour is much the same as that 
of Souchong, but the tea has less strength. Some of the lower and large-leaf kinds may be only 
worth Is. 3d.-ls. Sd., whereas finer qualities sell at 2s.-2s. 3d. a lb. 

Bohea may be either of too large a leaf to be called Congou, or, as is generally the case, may 
consist principally of old leaf, which, on being fired, does not attain the greyish-black colour 
desirable in all black binds except Flowery Pekoe, but remains of a brownish or pale-yellowish 
hue. It has scarcely any strength, is generally of coarse flavour, and is never of much value 
unless of Namuna kind. Prices are 3d.-ls. 2t/. a lb. 

Broken Mixed Tea is a mixture of the various kinds broken, and may include some of the lower 
classes, or approach Broken Pekoe in character and value ; but it is usually worth Is. 8d.-2s. 6d. a lb., 
and of a blackish aspect, containing a few Pekoe ends. 

Broken Souchong is a tea, which, though broken, has some approach to a full leaf of the even 
Souchong character. Value, Is. 6d.-2s. 2d. a lb. 

Broken Leaf is a term of great comprehensiveness, but generally signifies a tea worth 8d.- 
Is. Id. a lb., of brownish, brownish-black, or blackish colour. Its strength is seldom great ; its 
flavour may be fair or good, but in the lower qualities is generally poor, thin, or ooarsa 

Fannings is similar in colour and class to broken leaf; in value it is also much the same, 
perhaps on the average a little lower. 

Dust is very small brokeu tea. It is often very coarse or “ earthy” in flavour, owing perhaps 
to sweepings and dust having become mixed with it. Its value is 6d.-ls. fid. In any worth more 
than these quotations, a few Pekoe ends or tips will be found, bringing it under the name of 
Pekoe Dust. 

Another class of tea possessing very great strength and very fine flavour is known as Namuna. 
The leaf may have perhaps the ordinary greyish-black aspect, with generally a greenish tinge. In 
the pot, it produces a very pale liquor, but its quality is stronger by far than ordinary Pekoe ; in 
flavour, it is about half way between Flowery Pekoe and a green tea, quite distinct from Flowery 
Pekoe, possessing somewhat of the rasping bitterness of the green-tea class with the flavour a little 
refined. The out-turn is generally green, sometimes with brownish leaves mixed. Any black tea 
may be of this class, from Pekoe to the lowest dust, and all, if the flavour be distinct and pure, may 
have their value enhanced 4-lOd. a lb. 

Similar in all respects but one, is Oolong. The wanting quality is strength. Sometimes the 
flavour is a little different. It is generally composed of greyish-black leaves with a few green ones 
intermixed ; it always has a pale liquor, generally a greenish infused leaf ; but its flavour is 
frequently burnt out, though its weakness and green appearance are often caused by deficient 
firing. Teas of this kind on the average sell below the ordinary-flavoured teas of the same class 
of leaf. 

In teas of ordinary flavour, the following rules hold good : — The darker the liquor, the stronger 
the tea ; and the nearer the infused leaf approaches a uniform salmon-brown, the purer the flavour. 
Whenever black leaves are mixed with the out-turn, the tea has been over-fired, and the strength 
is either burnt out of it, or a burnt or smoky flavour is given. An altogether black or dirty-brown 
out-turn is certain to give pale liquor of little or no strength, and no flavour unless it be sour. 
This sourness is of various grades, — slightly sourish, sourish, and sour, depreciating the value 3d.- 
Is. fid. a Ilf The flavour is hardly capable of description. The least tendency to it condemns the 
parcel at once. The cause assigned for it is that the leaf after being picked is allowed to remain 
too long in the raw state before being fired, undergoing fermentation. 

Bumtness may either destroy the strength and flavour altogether, or, without destroying the 
strength, add an unpleasant burnt flavour, when the tea is called “smoky” or “ smoky burnt,” 
and deteriorated in value 2d.-ls. a lb. Symptoms of bumtness are a dead-black leaf, having a burnt 
smell which often entirely neutralizes the natural aroma. The terms “ fresh burnt,” “ brisk burnt,” 

“ malty burnt,” are not condemnatory, and the word burnt, as used here, would be better expressed 
by fir^. “ Malty ” means of full rich flavour. “ Full,” applied to a liquor, does not signify strength 
or flavour, but is opposed to thinness. A green tea may be strong or of good flavour, but its liquor 
is never fuU. Fulness is generally characterised by a dark liquor, and is akin to “ body ” in a 
wine. “ Chaffy ” is generally used for Bohea and other brown-leaf classes. A light, open, brown 
leaf would be called chaffy. The lower classes, especially dusts, are often described as “ earthy ” 
in flavour, perhaps caused by the admixture of real dirt. 

When a tea is spoken of as “well made,” “fairly made,” &o., the manipulation is referred to. 
There are “ straight ” and “ curled,” or, as the latter is generally expressed when applied to large 
leaf, “ twisted ” leaves. It may be “ flattish made,” indicating that though the leaf is not open, it 
wears a flattish aspect, or it may be open, which betrays a want of suflicient or skilful maqipulation. 
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A “wiry” leaf is small, perfectly rolled, and very thin (in diameter) generally cather onrled, 
so as to resemble small pieces of bent wire. Only the finer teas can have a wiry leaf, principally 
the Orange Pekoes and Pekoes. Sometimes a fine Souchong may be thus described. 

Of green teas. Gunpowder is the most valuable description, its price ranging from 2s. 8d. to 3s. 8d. 
a lb. Instead of possessing the long and thin finished lea^ which is the desideratum of black teas, 
it is rolled into little balls in. diam. Sometimes it has some long leaf mixed. 

Tea of the shape of Gunpowder, but larger, is called Imperial. Prices are 10d.-2s. 6rf. a lb. 

Hyson may be taken as the parallel of Souchong in black-leaf descriptions. There is often 
much young Pekoe leaf in it, but all chance of discovering it in the finished leaf is precluded by the 
change in colour. Hysons sell at Is. 2d.-3s. 6d. a lb. 

Young Hyson is smaller than Hyson, occasionally slightly broken. It fetches 7d.-2s. 6d. a lb. 

Hyson skin consists of bold broken Hyson and young Hyson. A small broken green tea is 
seldom sent on the home market. The reason is obvious : when Hyson skin only fetches 7d.-ls., 
anything approaching dust would give very little chance of profit. It would be well if all planters 
would take a lesson from the Chinese, and not send home their very low teas, black or green, as 
they are very difScnlt of sale in London, and in many cases cannot pay the cost of packing and 
shipping. The Chinese make much of their broken teas into brick tea, and send it into Central 
Asia, where it meets with a ready sale. In the N.-W. Provinces, the natives are beginning to 
consume largely, and will pay 8 annas to 1 rupee for tea that would not fetch more than Is.-ls. 6d. 
in England. Whether the natives of India, as a whole, do or do not take to drinking tea, will have 
a material effect on the future prospects of the industry. The manufacture of green teas is probably 
less remunerative than that of blacks, and there is far less demand for them in England, though 
considerable in America. 

Caper is made in large quantity in China. It forms a link between the black and green 
descriptions. The colour of the leaf is a very dark green ; in form, it is similar to a Gunpowder, 
Imperial, or round-leaf Congou ; the liquor is pale, and the out-turn green ; flavour, perhaps 
nearer to that of green than black tea. 

Packing. — The best tea-boxes are of teak, made at Rangoon. The wood is sawn by machinery 
into pieces which will make each chest measure inside 23 x 18 x 18J in. ; the contents are 7659 
cub. in., suflScing for above 1 mound (80 lb.) of fine, and under 1 mound of coarse tea. Each box 
is composed of fourteen pieces, nailed together with “ French pins,” If in. long. It is extremely 
important that the tare of aU the boxes shall not vary more than | lb., or the whole will be turned 
out and reweighed in London. All the boxes are lined inside with a thin leaden sheU. 

Tea may be packed only on fine hot days. It is first “ bulked,” i. e. turned out on a cloth and 
mixed most intimately. It is also finally dried to remove the moisture imbibed during storage, even 
though kept in zinc-lined bins. Sun-drying is far best. The tea is put into the box while hot, first 
taking enough to J fill the box. This is rocked till it is thoroughly settled, and then trodden down 
by a man standing on a piece of carpet ; this is repeated with decreasing instalments, dispensing 
with the rocking for the last 2 or 3 additions. When full, a sheet of “ silver ” paper is laid on the 
tea to catch drops caused while soldering the top, which, with the nailing on the cover, is the final 
operation. To take the taro of the boxes, they are weighed with the leaden lining and leaden top ; 
when filled and soldered, but before putting on the wooden top, they are again weighed for the 
gross. The tares most be equalized by adding nails, solder, or hoop-iron bands. The boxes are 
finally marked. 

Cost of a Tea Garden . — Col. Money gives the following approximate estimate of the cost to 
establish a 300-aore tea-garden : — * 

Isf year. Ss. 

700 acres of land, at Rs. 8 5,600 (5601.) 

40 maunds of seed, at Rs. 70 2,800 (280/.) 

Kurseries for vacancies, and labour of transplanting .. .. 200 (20/.) 

First temporary buildings 1,000 (100/.) 

Cost of planting 100 acres, at Rs. 80 8,000 (800/.) 

Cultivating 100 acres 1st year, at Rs. 50 5,000 (500/.) 

‘ 22,600 (2,260/.) 

2nd year. 

€0 maunds of seed, at Rs. 70 4,200 (420/) 

Nuraeries, and labour of transplanting 300 (30/ j 

Repairs and new buildings 50O (50; ) 

Cost of planting 2nd 100 acres, at Rs. 70 7,000 (700/ ) 

Cultivating 1st 100 acres, at Rs. 60, and 2nd 100 acres, at Rs. 50 11,000 (1,100/.) 

, 23,000 (2,300/.) 
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• Zrd year. 

70 mounds of seed, at Bs. 70 

Nurseries, and labour of transplanting 

Buildings for manufacture (temporary), and repairs 
Cost of planting 3rd 100 acres, at Bs. 60 


Cultivating 1st 100 acres, at Bs. 70, 2nd at Bs. 60, and 3rd at 

Bs. 50 

Interest on 1st year’s outlay for years, 2nd year’s for 1 J year, 
and 3rd year’s for i year, at Bs. 5 per cent, per annum 

Total cost of making 300-acre garden 


ith year, 

20 maunds of seed, at Bs. 70 

Nurseries, and latonr of transplanting 

Bepairs to buildings 

Cultivating 1st 100 acres, at Bs. 80, 2nd at Bs. 70, and 3rd 
at Bs. 60 '.. .. 


5th year. 

10 maunds of seed, at Bs. 70 

Nurseries, and labour of transplanting .. 

Bepairs to buildings 

Cultivating 1st 100 acres, at Bs. 90, 2od at Bs. 80, and 3rd 
at Bs. 70 


6tA year. 

Nurseries, and labour of transplanting 

Bepairs to buildings 

Cultivating 1st 100 acres, at Bs. 100, 2nd at Bs. 90, and 3rd at 
Bs. 80 


1th year. 

Nurseries, and labour of transplanting 

Building permanent factory and store, and repairs to buildings 
Cultivating 1st 100 acres, at Bs. 100, 2nd at Bs. 100, and 3rd 
at Bs. 90 


8th year. 

Nurseries, and labour of transplanting 

New permanent houses for manager and assistant, and repairs 

to buildings 

Cultivating Ist, 2nd, and 3rd 100 acres, at Bs. 100 


Zth and all succeeding years. 

Nurseries, at Bs. 500 

Bepairs to buildings, at Bs. 500 
Cultivating 300 acres, at Bs. 100 


Bs. 

4,900 (4901.) 
400 (401.) 

3.000 (3001.) 

6.000 (6001.) 

14.300 (1,4301.) 

18,000 (1,8001.) 
5,357 (5351.) 
83,257 (8,3251.) 

1,400 (1401.) 
500 (501.) 
500 (501.) 

21,000 ( 2 , 1001 .) 

23,400 (2,3401.) 


700 (701.) 
500 (501.) 
500 (501.) 

24,000 (2,4001.) 
25,700 (2,5701.) 


500 (501.) 
500 (501.) 

27.000 (2,7001.) 

28.000 (2,8001.) 


500 (501.) 
12,500 (1,2501.) 

29,000 (2,9001.) 


42,000 (4,2001.) 


500 (501.) 

8,500 (8501.) 
30,000 (3,0001.) 


39.000 (3,9001.) 

■ 1,000 ( 1001 .) 

30.000 (3,0001.) 


31.000 (3,1001.i 



Cost of Manufactwre . — ^The cost of manufacture, sorting, packing, freight, and brokerage, per 
wound (80 lb.) of tea is given by Money as follows : — 


Mcmufacture. 

1 head man with the pickers .. .. 

320 lb. green leaf picked, at 1 pie 

1 man withering leaf, at 4 annas 

J snare head man in rolling-house 

lOf men rolling, at 30 lb. leaf per man, and 4 annas per man 

J boy clearing out ashes of dAote-house, at 2 annas 

I share head man in dAote-house 

1 man firing dhole work 

f mound charcoal for dhole work, at 8 annas 

Lights for night work, viz. tumiug green leaf and (ffio/fnj, say .. . _. .. 

Wear and tear of dhallas, baskets, picking-baskets, fiel for artificial 
withering, &c « 


Sifting and Sorting. 

boys to pick orft red leaf, at 2 annas .. 

1 sifting man, at 4 annas 

Wear and tear of sieves 


Packing. 

1 box 

4 sheets lead, viz. 2 large and 2 small 

Labour of lining box with lead, solder, closing lead, closing wooden box, 

stamping, and nails 

Labour of drying previous to packing, in sun or over dholes, including 

charcoal if latter are used 

Labour of filling box, shaking, and pressing the tea (2 men) 


Transport. 

Freight to Calcutta for 1 mound tea 

Brokerage. 

Landing, lotting, and advertising, per chest 

Brokerage at 1 per cent, on the amount sale, say Bs. 70 per maund .. 


B. A. T. 

t. d. 

0 4 0 

0 6 

5 0 0 

10 0 

0 4 0 

0 6 

0 2 0 

0 3 

2 10 8 

5 4 

0 0 6 

0 Of 

0 2 0 

0 3 

0 4 0 

0 6 

0 6 0 

0 9 

0 4 0 

0 6 

0 1 10 

0 2f 

9 7 0 

18 lOi 

0 3 0 

0 4J 

0 4 0 

0 6 

0 0 3 

0 0§ 

0 7 3 

0 11 

1 13 0 

3 7J 

16 6 

2 9i 

0 0 9 

0 1 

0 0 9 

0 1 

0 0 6 

0 Of 

3 5 6 

6 8 

1 12 0 

3 6 

0 14 0 

1 9 

0 11 3 

1 5 

19 3 

3 2 


Total for 1 maund (80 lb.) of tea 


16b. 9a. Op. (1/. 13s. lid.) 


If more than 2 mounds are made per diem, some of the items will be a little less. In large 
quantity, about 12-13 Bs. (24-26s.) would cover everything. 

Brick-tea . — The article known as brick-tea is of three kinds. The first, or largest kind, is a 
cake of coarse green tea, which weighs, when thoroughly dried, about 3i lb., and is about 1 ft. 
long by 7 in. wide. These cakes are made in a wooden mould while wet, compressed by a lever- 
press, and afterward dried, all by hand-labour. When dried, each cake is wrapped in paper and 
packed in strong baskets, each containing 36 cakes. The cost of this tea per basket is about 28s., 
and the annual exportation from Kiukiang amounts to 15,000-20,000 baskets. The tea is sent from 
KiuHang to Tientsin, whence it goes overland through Mongolia for consumption among the 
inhabitants of W. and N.-W. Siberia, in the province of Kazan, on the Volga, and by the Kirghis 
and other tribes. A cake of tea of the same form, but of a much conunoner quality, costing atont 
22s., made by the Chinese at Yang-lout’ung, in Hupeh, is largely consumed in Mongolia. 

The second kind of brick-tea is of a finer quality, each cake weighing IJ lb., and being 8i in. 
long by 5i in. wide. It is packed in baskets, each containing 80-90, and costs about 34s. per 
basket. This kind is consumed in W. and S.-W. Siberia, at Kazan, and on the Amoor. 

The third kind of brick-tea is made of black-tea dusf, each cake weighing 2^ lb., and being 
8} in. long by 6 in. wide. It is packed in baskets containing 64 cakes each, and costs about 33s. per 
basket. It is consumed throughout Siberia and in E. European Bussia by the peasantry. It is 
made into cakes at Foochow, Kiukiang, and Hankow. The yearly exportation from the three 
places is about 100,000 baskets. The brick-tea trade of Hankow is rapidly increasing, and the 
demand becoming greater than the supply. The employment of steam machinery for pressing the 
bricks has proved a great success, the steam-pressed brick being much better finished than by 
hand, and more compact and firm, standing transit better, and arriving at its destination little the' 
worse for its journey. With the old method, the bricks, frop insufficient pressing power, were liable 



to chip and otnmble at the edges, while great stress is laid on the perfect appearance of the brick 
by the Siberians. Both methods of mannfactaiing brick-tea have a serious drawback in the 
damping of the dust by steam, which robs it of all its fragrance. To remedy this defect, hydraulic 
presses have been introduced, which turn out small corrugated cakes, weighing | lb. each, retaining 
the original aroma in all its freshness. It is yet uncertain whether the compressed tea will prove 
a success, but samples sent to Siberia have been favourably reported on ; and though probably the 
brick will keep its position among the masses, the compressed tea will become popular with the 
better classes, and if really fine dust be employed in its manufacture, it may, from its portability and 
cheapness, generally take the place of the leaf-tea at present annually sent overland from Shansi. 

The following is the method of producing the brick-tea. There are at present 6 manufactories 
in Hankow, 3 of which use boilers either for steaming the tea, or both for that and furnishing 
power for pressing. The dust from which brick-tea is made comes principally from Kingchow in 
Kiangsi, and Tsuug-yang and Yang-Iout’uug, in Hupeh, and varies both in fineness and cost 
according as it belongs to the first, second, or third crop. The first operation is to sift the dust and 
reject all the sand and rubbish contained in it, usually amounting to about 5 per cent. It is then 
placed in a winnowing- machine, having 3 diflerent-sized sieves, with troughs corresponding, and 
passed into baskets. The residue which is too coarse to pass any of the sieves is taken out and 
trodden until it is reduced to the proper consistency, when it is placed in iron pans over a charcoal 
fire until it is sufficiently brittle, and is again taken to be winnowed ; this operation is repeated 
until all has been sifted to the requisite degree of fineness. Three sizes are produced, the coarser 
ones being employed to constitute the brick, while the finest dust is only used as a facing. The 
dust having been properly sifted, the next step is to prepare it for pressing, by exposing it to the 
action of steam for 3 minutes ; it is this steaming that robs brick-tea of its scent and flavour, and 
for which a remedy is eagerly sought. 

The old-fashioned apparatus of native design consists of 6 iron boilers heated by charcoal, and 
having spaces above fitted with rattan covers. When the dust is to be steamed, it is spread out 
on a sheet of cotton cloth, placed over the boiler, and covered up ; but with the improved European 
apparatus, the dust is simply put into iron boxes, and the steam is passed through them. After 
.. having been sufficiently steamed to make it adhesive, the dust is put into a strong wooden mould 
(on the movable cover of which, the trade-mark of the hong or firm is engraved, so as to leave the 
corresponding impression on the brick), and firmly wedged down. It is then pressed, and placed 
on one side for 2-3 hours to cool. Each brick should weigh 1 catty (1^ lb.), and all those that do 
not come up to the proper standard of weight, or are defective in any way, are rejected and 
remade. For this purpose, they are taken to an edge-runner mill, constructed of two heavy circular 
stones, moved by a horizontal wooden bar, and working in a channel, where the condemned bricks 
are thrown and crushed by the wheels. Having again become dust, the operation already described 
is repeated. The hand-press toms out 60 baskets a day, with 25 per cent, of failure bricks ; while 
the steam-press produces 80 baskets a day, with only 5 per cent, of bad work, and the saving, by 
the employment of the improved machinery, amounts to 1 tael (5s,) a basket, or, according to the 
above-stated out-tura, 80 taels (about 20/.) a day. The bricks found to be correct in weight and 
free from defects are stored in the drying-room for a week, when they are carefully wrapped 
separately in paper, and packed in bamboo baskets containing 64 each. Green brick-tea is made in 
the same manner, but of leaf, not dust, and the bricks are larger. 

It is expected that in a short time the whole trade will be transferred to Hankow. In addition 
to briek-^a proper, there is another kind of tea, called “ medicine tea,” which is composed of coarse 
leaf and stalks, mixed with various kinds of medicinal herbs, and packed in bundles weighing 
64 catties (of 1^ lb.). It is valued at 5 taels (25s.) per picid (133i lb.), and in the event of the cost 
of transhipment to Central Asia via Tientsin, instead of as hitherto from Shansi, proving sufficiently 
low, it is expected that the trade will receive increased attention. Owing to the immense quantities 
of brick-tea now arriving at Tientsin for transport overland, it is anticipated that the sea and river 
route vis. Tientsin and the Amoor will soon be substituted for camels. KiuMang exported 
681,333 lb. of brick-tea in one year. 

Production and Commerce. — America. — Tea culture was attempted more than 10 years ago in 
California, and great expectations were expressed with regard to the Sacramento Valley in par- 
ticular ; but no material success seems to have been gained. More recently, renewed attention 
has been given to the subject in the S. States, and a plantation has been selected near Charleston 
for experiment, it being supposed that the climate of S. Carolina, near the coast, is very suitable 
for tea-growing. The main difficulty is want of cheap labour. America forms the chief market 
for green teas. 

Azores. — It was officially announced in 1879 that the tea plant was growing luxuriantly 
in St. Michael’s, and that Chinese were engaged to teach the methods of preparing the leaf. 
*^tisfactory results were obtained fi»m experiments. 

Ceylon.— Tea cultivation is progreaiing rapidly in several districts and at varions’elevations 
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up to 4500-6000 and even 7000 ft., and a very fine-flavoured tea can be produced. In 1880, about 
100,000 lb. were exported ; and in 1881, up to the close of the season (30th Sept.), 278,.5'JO lb. 
Ceylon teas distinguished themselves at the Melbourne Exhibition. 

China. — The districts specially devoted to tea-farming in China lie between 23° and 25° N. 
lat., and 115° and 122° E. long., comprising portions of the provinces of Canton, Chekiang, Fokien, 
Honan, Hupeh, Kiangsi, and Eiangsn. Now that Western science and skill have been intro- 
duced with such marked effect in the preparation of tea in India, there is no valid reason for 
reproducing an account of the complicated Chinese methods ; in fact, though China remains by far 
the largest producer of tea, that country will henceforward be of far less interest to the English 
tea-grower and merchant than our own tropical possessions. The exports to foreign countries 
from Amoy in 1879 were : — 


Destination. 

Congou. 

Oolong. 

Souchong. 

Dust. 

Mixed. 

Black. 

TotaL 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Great Britain .. 

62,149 

570,855 



.. 


633,004 

United States.. 

604,636 

15,456,723 

40 

16,122 

116,921 

254,863 

16,449,305 

Straits .. 

112,289 

280,620 

5,328 




398,237 

Java 

302,608 

318,239 

3,838 




624,685 

Siam 

63.571 

37,452 

412 




101,435 

Manila . . 

17,945 

3,657 

378 


240 


22,220 

Saigon . . 

128,177 

88,584 

300 




217,061 

Hong Kong . . 

374,240 

3,048,993 

43 




3,423,276 

Total . . 

Ij 665, 615 

19,805,123 

10,339 

16,122 

117,161 

254,863 

21,869,223 


The exports from Canton (in piculs of 133| lb.) in 1879 were as follows. (The bulk of the black 


tea sent from these waters is called scented tea, and the flower nsed for scenting (Jasminum Sambac), 
goes by tlie name of mok-lei ; the gardens where this plant is cultivated are principally in the 
Honam and Fatee suburbs of Canton. The essential oil of this species is considered inferior to that 
named on p. 1422.) 






Black. 






Greek. 

i 



Destinaiion. 

Congou. 

§ 

•a 

1 

Orange 

Pekoe. 

•o c 

o O 

X 

c 

o 

“o 

O 

Poucboog. 

Pekoe. 


s 

i 

i 

1 

ta 1 

1 

s. 

s 

= ^ 
1^ 

TotaL 

Black. 

Green, 

Great Britain 

13 

t _ 

193 

1,466 




1,672 






lb. 

222,993 

lb. 

Hong Kong . . . . 

Sandwich Islands 

15,849 

4,831 

19,244 

67,019 

436 

2,654 

42 

1 110,075 

40 

253 

559 

j 2,880 

3,733 

14,676,691 

497,792 

4C9 

1 ' * 

« . 



48 

1 

518 


, , 


69,057 

Tientsin . « . . 

,, 


• • 


• • 



.. 



V * 

. 


13 


Chefoo .. .• .. 



. . 


. • 

.. 

.. 

,, 








Shangbae . . . . 

46 

, •• 

i; 

•• 

•• 


" 

48 



1 •• 

47 

144 

6.359 

19,224 

Total . . . . 

16,377 4,33l| 

^ 19,438 

68,435 

436 

2,702 

43 

112,313 

40 

1 

350 j 

1 559 

,2,927 

,3,877 

14,975,113 

Slt.OlO 


Foochow, in 1879, exported 81,421,600 lb. to Europe, the Colonies, and America, besides 
4,372,800 lb. to Chinese ports for reshipment. The exports were distributed as follows Great 
Britain, 61,505,584 lb. ; Australia, 13,042,800 lb. ; Hong Kong, 3,759,8831b. ; S. Africa, 1,023,867 lb. ; 
United States, 888,800 lb. ; New Zealand, 857,200 lb. ; Continental Europe, 204,400 lb. ; Bussia, 
139,066 lb. 

Congous figure for 73,138,133 lb., chiefly of the common and medium kinds ; and Souchongs 
for 4,693,867 lb., mostly to Great Britain, S. Africa, Continental Europe, America, and Hong Kong. 
The consumption of fine scented teas, such as Orange Pekoe and Caper, as well as of Oolongs, is 
greatly interfered with by Indian tea, Foochow has now become of but little consideration in 
the production of Oolongs, being cut out by the increasing quantity prepared in Formosa and Japan 
under the superintendence of foreigners, and through the inordinate quantity of tea-dust that was 
mixed with it, the bulk of the Foochow leaf is now manufactured into Saryum Congou. Attempts 
have been made to introduce Indian tea-seed, to improve the quality of tea from this port, but so 
far they have not met with any encouragement. A considerable trade has sprung up betw^ this 
port and Russia, either direct to Odessa, generally in British bottoms, or via Tientsin overland to 
Kiachta. Three Russian firms are connected with this trade, and have establishments here and in the 
neighbourhood of Yenping, principally for the manufacture of brick-tea by steam process. It is 
surprising that British firms have hot, in the same manner, taken to makmgbrick-tea for exportation. 
Being portable, and taking up little room, it would be suitable for army supplies. The Russian 
firms export, besides brick-tea, the best qualities of Pehlings, Panyangs, and Paklums, and cisr 
afford to |ive a higher price than buyers for the English narkeL 
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Hankowvin 1879 exported 541,213 piculs (of 133^ lb.) of black tea and dnst, valne 3,810,1971. ; 
144,756 piculs of black brick-tea, 145,9571. ; and 25,651 piculs of green brick-tea, 35,6191. 

Ichang exported of black tea only 36 piculs in 1878, and 91 in 1879. The Chi tea, so called 
from the place where it ia grown, — Lo-tien-ehi, near Ichang, — is considered very good, but 
is scarcely known to foreigners. Hao-feng, Shi-nanfoo, and Patung are also tea-growing 
districts, but little of the tea comes to this port. Large quantities of a coarse acrid leaf called 
tea, and sometimes wild tea, are brought down the river to Ichang, and thence sent to small towns 
below : it is very cheap, and used only by the poor. 

The values of the tea exports from Kiukiang in the years 1877, 1878, 1879 respectively were : 
2,333,0941., 2,333,7841., 2,005,0861. ; the quantities of the various kinds were : black, 176,498 piculs, 
206,798, 190,150; green, 51,476, 40,316, 40,368; brick, 7452, 11,285, 14,796; leaf, 480, 516, 510 ; 
dust, 9236, 9181, 3663. 

Tea forms the principal export from Macao, being grown in the neighbouring district of 
Tayshan. It is brought down in a half-prepared state in bags, and undergoes the necessary firing 
and manipulation at Macao, where it is packed in boxes, and shipped by river steamer to Hong 
Kong, the bulk of it finding its way thence to London, a little going also to Australia and New 
York. The export in 1879 was about 9,000,000 lb. Ningpo exported of green tea, 145,018 piculs 
in 1877, 103,006 in 1878, 127,821 in 1879. 

The exports of tea from Slianghae, in piculs of 133i lb., in 1879 were : — 


Destination. 

Black. 

Leaf. 

Dust. 

Brick. 

Japan, 

Uncoloured. 

Greek. 

Japan, Coloured. 

Congou, 

Oolong. 

Total. 

a 

5 

§3; 

>* 

. 

I 

as 

C 

ed 

? 

Imperial. 

Gun- 

powder. 

Total. 

Great Britain 

193.390 


193,389 


3,908 



16,319 

7,685 

39 

! 

2,430 20,994 

47,367 

446 

Hong Kong . . . . 

1,521 


• 1,621 

.. 

.. 

357 


5 

53 


11 

13 

82 



442 


443 

, , 


. , 



8,244 



.. 

8,244 


United States 

15.019 


15,019 



. , 


48,227 

6,431 

00 

K.- 

00 

13,619 

52,892 122,019 

311 

fiance 

444 

, . 

444 

. . 


. . 


13 

18 



9 

40 


Other Knrope , . 

31 


31 












Bnssla (Odessa) . . 

695 


695 












Russi in Mancharia 

2.748 

892 

3,640 



7,323 









Japan 

98 

3 

102 


.. 




43 

.. 

, . 


43 


Etrvpt. Colonies, 

453 

.. 

453 

.. 

.. 


.* 

.. 

9 



•• 

9 


Straits 



7 












Total foreign . . 

214,848 

895 

216,744 


3,908 

7,680 


64,564 22,383’ 887 

I6,0t0 73,908 177,804 

757 

„ Chinese ports 

125,607 


125,607 

eio 

1,412 

146,257 

91 


69 

•• 

•• 

69 

146 

4 

Grand total 

340,455 

895 

341,351 

640 

5,320 

153,937 

91 

64,570 22,452 887 

1 1 

16,060 

73,977 

177,950 

761 


About 18,000,000 lb. of black tea were also sent to Siberia. 

The exports of black tea from Tamsuy and Eelung were 69,231 piculs in 1877, 80,261 in 1878, 
and 85,033 in 1879. The northern end of the island of Formosa could easily treble its present 
out-put. Formosan teas are gaining favour in America, but not in England. 

Wenchow exported of Congou and uufired teas respectively, 350 and 331 piculs in 1878, and 728 
and 251 in 1879. 

The exports of tea from Wuhu in 1877, 1878, 1879 were : black, J, 383, and 2154 piculs ; green, 
3162, 707, and 232. The supplies came chiefly from Ching Hsien, T’ai-p’ing Hsien, and the hills 
near Ning-kwo-fu. The famous tea of Lin-an-chow, in N. Anhui, which is renowned for its 
delicate flavour, and accounted the second beat in China, remains untouched by the foreign buyer, 
and the whole production, some 300,000 picids yearly, is prepared exclusively for the Chinese 
market. 

India. — ^The production of Indian tea has rapidly increased since 1860, when our imports first 
reached 1,000,000 lb. In 1870, our imports were 13,000,000 lb. ; in 1880, 45,000,000 lb., value 
3,000,000/. ; and the figures wiU soon be 50,000,000 lb. a year. About 200,000 acres are covered 
with tea-bushes, 15,000,000/. of capital invested, and over 250,000 persons employed. Assam 
occupies the first place. In the Eamnip district, in 1874, the area was returned at 2687 acres, and 
the out-turn from 24 plantations was 321,962 lb.; these figures are far short of the totals. In the 
Darrang district, in 1874, the area under tea was 3856 acres, the ont-tum being 1,008,077 lb. In 
1872, the black teas produced were : — Congou, 36,659 lb. ; Pekoe, 371,233 ; Broken Pekoe, 
175,766; Pekoe Souchong, 215,605; Souchong, 114,659; Broken Souchong, 55,691; Pekoe fan- 
nings, 14,188 ; broken tea, 65,213 ; fannings, 135,845 ; green, 6000 lb. In the Nowgong district 
in 1872, 1278J acres were occupied by mature plants, and a total of 12,319 acres was selected for 
tea culture. The yield was : — Congou, 20,000 lb. ; Congou and Souchong, 9500; Souchong, 28,276 ; 
Pekoe, 217,794 ; Pekoe and brokqp Pekoe, 47,604 ; broken Pekoe, 4450 ; brol^n Pekoe and 
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fiumings, 15,397 ; faimiiigs, 13,120 ; total, 370,901 ; average yield per acre of mature pMnts, 288 lb. 
In the Sibsagar district, which is second only to Cachar among all the tea-growing districts of 
India, the area under tea in 1874 was 22,573 acres; the total ont-tnrn, 4,528,329 lb. The. total 
area taken np for tea to the end of 1874 was 108,050 acres. The approximate yield in 1872 
was: — Congou, 210,026 lb.; Pekoe, 1,006,874; Pekoe Souchong, 85,266; Souchong, 526,150; 
tannings, 866,784 ; total, 3,199,500 lb. The average yield per acre of mature plants was 238 lb. 
The exports from Lakhimpur in 1871 were : — 546f tons, 43,650/. The area in 1874 was 89,370 
acres (11,680 in bearing) ; total out-turn, 1,811,920 lb. 

Sylhet, in 1874, had 19,190 acres in tea-gardens, of which 5297 were actually under cultiva- 
tion. The out-turn was 567,567 lb. In 1876, it was estimated at 655,600 lb. The average per 
acre of mature plants (upwards of 2 years) is 111 lb., as against 200 lb. for the whole province. 
Sylhet and Cachar combined gave 4,600,000 lb. in 1870, and 9,000.000 lb. in 1878. Darjeeling, 
■the Terai, and the Dooars had 144 gardens, yielding 7,530,940 lb. in 1878, and 152 gardens, affording 
5,538,040 lb. in 1879. Chittagong produced about 1,000,000 lb. in 1878 ; and other outlying districts, 
about 500,000 lb. 

Japan. — The tea-plant grows well here, and tea forms one of the chief exports to foreign 
countries, not even excluding China itself. The best leaf comes from the neighbourhood of Uji, 
in the province of Yamashiro, to the S.-E. of Kioto ; but tea is also largely produced in the fertile 
district in the east of the main island, and exported from Yokohama. Japanese tea is driving 
Chinese green tea from the American market ; 11,000,000 lb. went there in 1879. 

Java. — The tea-gardens of Java are situated mostly in the Batavian department of Buitenzorg, 
and in the Preanger Regencies. The production of tea was stated at 5,700,000 lb. in 1879. The 
Chinese variety is the only one grown to any extent ; trials are being made with the Assam shrub, 
but have not yet had any practical result. The Java teas are somewhat similar to’Assams, and 
are readily saleable in England, where they are chiefly used for mixing with Indian. The 1879 
crop was exported thus: — England, 31,814 piculs and cases; Holland, 31,382; Persian Gulf 930 • 
Australia, 440 ; Japan, 100 ; Singapore, 68. 

Adulterants and Substitutes. — The adulterants of tea are exceedingly numerous, and the Chinese 
manifest wonderful skill in this direction. Among the first class of adulterants, viz. foreign 
leaves, are included those of the ash, plum, dog-rose, Shamnus spp., Ehodcdendrcm spp., and Chrysan- 
themum spp; as well as tea-stalks and paddy-husks, all for the purpose of increasing the bulk • 
also the scented flowers of Olea fragrans, Chloranthus inconspicuus, Aglaia odorata. Camellia Sasangua’ 
Gardenia florida, Jasminum Sambac and other species, to impart fragrance to inferior samples. Some- 
times the true tea is almost replaced by a factitious compound known as “ lie-tea,” composed of a 
little tea-dust, blended with foreign leave^ sand, and magnetic iron by means of a solution of starch, 
and coloured with graphite, turmeric, indigo, Prussian blue, or China clay, according to the kind of 
tea it is intended to simulate. Mineral adulterants are used to give weight and colour. In addition to 
those employed in the fabrication of lie-tea, are soapstone and gypsum. The adulteration practised 
after the arrival of the tea in this country embraces the substitution or admixture of the leaves of 
the beech, box, elm, hawthorn, horse-chestnut, fancy oak, plane, bastard plane, poplar sloe 
sycamore, and willow, and artificial colouring by means of cntch, indigo, Dutch and rose pinks,' 
sulphate of iron, Venetian red, chromates of lead and potash, carbonates of copper, limH and 
magnesia, arsenite of copper, and Prussian blue. 

Besides the well-known varieties or species of Thea, two new kinds have recently been 
described by Consul E. Colbome Baber. One is grown by the monks on Mount Omi (Ifcomi) 
and gives an infusion tasting like coarse Congou highly sweetened with brown sugar. The other 
is found wild in the uninhabited wilderness west of Kiating and south of Yachow, at 6000 ft and 
upwards, notably on the Hwang-mn-chang plateau, among the gorges of the Tung river • it is a 
shrub 15 ft. high with a stem 4 in. thick ; every part except the root is used in the infusion’ which 
has a buttery flavour. A thud new species is reported from the neighbourhood of Trebizonde 
where the leaves are picked and sun-dried, and sent in large quantities to Persia. 

The name “tea” has been popularly applied to many other plants, the principal beine as 
follows:— Abyssinian or Arabian {Catha [Cefasinw] edulis), the leaves of which are used bv 
the Arabs in the preparation of a beverage possessing similar properties to tea; Appalachian 
(^Vibumum cassinoides and Prinos glaber},aie infusion of the latter resembling mate' - .Astral' 
Izeptospermum and Melaleuca spp.) : the leaves of L. lanigerunt, of Tasmania and S -E A 
were used as tea by the early colonists, for Melaleuca see Cajuput-oil p 1418 • Be"* 1 
iGlaphyria mtiaa), whose leaves are infused like tea by the Malays; blue liountain or^^d!^ 
rod (Solidago odora) ■ Botany Bay {SmUax glyciphylla), in Australia ; Bourbon or Paham (Ana 
fragrans), largely grown in Bourbon, and the leaves made into an aromatic tea-like bXmT* 
Brazilian (Stachytarpha IStachytarpheta-] jamaicensis), whose leaves are said to ^ a- 

virtues, being sold in Austria as “Brazilian tea,” and sometimes used to adi^rate tea*^bn K 
(Cycle^a genistpides), the leaves of which have a tea-like fragrance, and are used in infuion^ 
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the Cape tp promote expectoration; Canary (Sida canariensis); Carolina ^Hex vomiforia); coffee- 
leaf (see Coffee, p. 707) ; gont (Cordia globosa), in the W. Indies ; Jesuits’ (JPsoralea glanduhsa), 
the culm of Chili, whose leaves give a not very aromatic infusion, and are more useful as a 
vermifuge and stomachic ; Labrador (see Narcotics— Ledum, p. 1308) ; lemon-grass (see p. 1421), 
the leaves of which are used like tea in the interior of India ; Malay (Eugenia variabUis), see 
also Bencoolen ; Mexican (^»nirma ambrosioides), used medicinally as a vermifuge and anti- 
spasmodic (also Psoralea glandulosd) ; monntain (Gaultheria procurnbens'), whose leaves are used 
to flavour tea, or as a substitute (see also Wintergreen-oil, p. 1431); New Jersey (Ceanothus 
americanus), the leaves of which were used as tea during the American War of Independence; 
New Zealand (Leptospermum scopariwn), allied to and used like Australian tea; Oswego (Monarda 
didyma), so called from the leaves being sometimes used as tea in America; paigle- (pagle, 
peagle) tea, an infusion of the dried blossoms of the cowslip (Primula rms), possessing narcotic 
properties, and drunk in some counties of England; Paraguay-tea or mate is an infusion of the 
leaves of Ilex paraguayensis and probably I. Gongonha and I. theezans, which are prepared by 
roasting the branches on hurdles over a wood fire, and then beating the dried leaves to powder by 
sticks on a hard floor ; 3 kinds are distinguished : caa-cuys, the half-expanded leaf-buds ; caa-miri, 
the leaf deprived of midrib and veins without roasting; caa-guaza or yerca de polos, the whole 
leaf with the petioles and small branches roasted ; the consumption in S. America is 8 million lb. 
yearly ; saloop-tea is an infusion of sassafras (called “ sassafras-tea ”) flavoured with milk and 
sugar, and said to be formerly drunk by the working classes in London ; South Sea, see Carolina ; 
sweet, see Botany Bay ; theezan-tea is an infusion of the leaves of the iia (Sageretia theezans), native 
of Penang, the Philippines, and S. China, and said to be sometimes used as tea by the poorer 
Chinese ; W. Indian (Capraria hiflora) ; wild (Amorpha canescens). 

Imports, Exports, and Values. — Our imports of tea in 1880 were : — From China, 158,195,142 Ib., 
8,349,699/.; Bengal and Burma, 44,437,406 lb., 3,032,354/.; HoUand, 2,426,738 lb., 120,738/.; 
Bombay and Sind, 618,062 lb., 34,840/. ; United States, 335,804 lb., 19,313/. ; Straits Settlements, 
242,222 lb., 13,975/. ; Japan, 213,8041b., 11,552/. ; Ceylon, 150,395 lb., 10,132/. ; Madras, 82,6431b., 
5728/. ; other countries, 269,284 lb., 15,067/. ; total, 206,971,570 lb., 11,613,398/. ; retained for 
home consumption, 158,570,842 lb., 3,964,290/. 

Our exports in 1880 were : — To Germany, 22,713,650 lb., 1,394,008/. ; British N. America, 
6,257,384 lb., 406,943/.; .Russia, 5,557,571 lb., 333,656/.; Holland, 3.176,343 lb., 187,026/.; 
Denmark, 832,951 lb., 55,481/.; Chili, 727,421 lb., 41,251/.; Portugal, Azores, and Madeira, 
662,033 lb., 57,489/. ; United States, 652,179 lb., 38,014/. ; Channel Islands, 611,253 lb., 38,341/. ; 
Morocco, 432,629 lb., 38,318/.; France, 424,042 lb., 33,371/.; Brazil, 395,572 lb., 33,070/.; 
Turkey, 348,832 lb., 22,593/.; other countries, 1,802,986 lb., 124,007/.; total, 44,594,846 lb.. 


2,803,568/. 

The approximate London market values per lb. of teas in bond (duty 6d. a lb.) are : — Congou : 
brown leaf siftings, 4-lOd., ordinary to leafy, 7-lOd., good ordinary to middling, 7J-llc/., ditto 
export kinds, 8i-lljd., fair to medium, 9-17d. ; Kaisow, 2nd class, 14-20(/., 1st to finest, 18-27d. ! 
black leaf, common, l^-li^d., good common, 8J-32Jd., fair to medium, 92-17d. ; Oopack and 
Moning, 8-27d. ; ditto fine to finest, 19-30(/. ; Tayshan, 7-18(/. ; Ning Yong and Oolong, 8-24d. ; 
Souchong, common to good, 8i-20(/., fine to finest, 12-24(/. ; Flowery Pekoe, 12-19c/., fine to finest, 
19-40d. ; Caper, scented, 6J-15</,, fine to finest, 10i-21d. ; Orange Pekoe, scented, 6-18d., fine to 
finest, 12-24c/. ; Twankay, 4}-13</. ; Hyson, common, 6i-14d., fair to fine, 10-27d., finest, 21-42</. ; 
Young Hyson, common, 5J-14d., good to finest, 9-30(/. ; Imperial, 6-15c/., good to superior, 10-22d. ; 
Gunpowder, 7-19d., good to finest, 12-42d. ; Canton, 8-12d. ; Japan, uncoloured, 8-16d. ; Indian: 
broken, 8J-28d., Congou, 9-16<i., Souchong, 9-244, Pekoe Souchong, 12-324, Pekoe, lOi-384. ; 
Flowery Pekoe, 18-454 

Bibliography. — S. Ball, ‘ Cultivation and Manufacture of Tea in China, &c.’ (London : 1848) ; 
R. Fortune, ‘ Tea Districts of India and China ’ (London : 1853) ; W. Nassau Lees, ‘ Tea Cultiva- 
tion in India ’ (London : 1863) ; ‘ Papers on Tea Industry in Bengal ’ (Calcutta : 1873) ; A, H. 
Hassall, ‘ Food : its Adulterations ’ (London : 1876) ; L. & S. Ritter von Fries, ‘ Thee-cultnr und 
-handel in China ’ (Vienna : 1878); E. Money, ‘Cultivation and Manufacture of Tea’ (3rd ed., 
London and Calcutta ; 1878) ; W. Cochran, ‘ Capabilities of New Zealand for Tea Culture’ (Jour. 
Soc. Arts., Vol. XXX. No. 1524, London : 1882) ; J. H. Haworth, ‘ Information and Advice for Tea- 
planters ’ (Jour. Agri.-Horti. Soo.Ind., Vol. xiv., Calcutta: 1865); also the following papers in the 
Jour. Agri.-Horti. Soc. Ind., on Tea Culture, &c., in : — Kumaon, Gurhwal, and Deyra Doon, L 
288, ii. 323, iv. 173, v. app. 146, vi. 81, app. 14. viii. app. 1 ; Chittagong, ii. app. 408 ; Assam, ii 
337, iii. 1, 61, app. 102, v. 79, app. 132, xiii. pt. i. 31 ; Java, v. 162, 206, vi. 72, vii. 292 ; Daijeelingj 
vi. 123, vii. 31, viii. 91, xiv. sup. p. xxxvii. ; Cachar, ix. 201, xiv. sup. p. i. ; Sylhet, ix. 207, 342 ; 
Himalayas, xiv. pt. ii. 119. 

. (See Beverages— Tea.) 
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Properly Bpeaking, the term “ timber” is oonfined to those kinds of wood which are eligible for 
bnUding purposes ; bat in the present article, it will be extended to embrace all nsefnl woods, 
except such as have been already described nnder Drags (Quassia, p. 820) ; Dyestnffs (Barwood, 
p. 855 : Brazil-wood, p. 856 ; Camwood, p. 856 ; Logwood, p. 862 ; Sanders-wo^ p. 867 ; Sapan- 
wood, p. 867) : Perfumes (Sandal-wood, pp. 1527-8) ; and Tannin (Quebracho, p. 1988). They 
will be arranged in alphabetic order. The terms used in describing the characters of the various 
woods may be explained once for all. The “ cohesive force ” is the weight required to pull 
asunder a bur of the wood in the direction of its length ; the figures denoting the strength, tough- 
ness, and stiffness, are in comparison with oak, which is taken as the standard, and placed at 
100 in each case ; the “crushing-force ” is the resistance to compression ; the “ breaking-weight ” 
is the weight required to break a bar 1 in. sq. supported at two points 1 ft. apart, and the weight 
suspended in the middle. 

For more detailed information regarding the peculiar properties of building-woods, and the 
many methods of preserving timber, the reader is referred to the new edition of Tredgold’s 
Carpentry, by Hurst, and to other works quoted in the Bibliography at the end of this article; 
a copious list of books on forestry will be found in Daydon Jackson’s ‘Vegetable Technology.’ 

Acacia or American Locixst-tree {Sobinia pseudo-acacia ). — This beautiful tree, of con- 
siderable size and very rapid growth, inhabits the mountains of America from Canada to Carolina, 
its trunk attaining the mean size of 32 ft. long and 23 in. diam. The seasoned wood is much 
valued for its durability, surpassing oak. It is admirable for building, posts, stakes, paling^s, 
treenails for ships, and other purposes. Its weight is 49-56 lb. a cub. ft.; cohesive force, 
10,000-13,000 lb.; and the strength, stiffness, and toughness of young unseasoned wood are 
respectively 95, 98, and 92. 

Alder (A/n«s glutinosa ). — ^This small tree inhabits wet grounds and river-banks in Europe and 
Asia, seldom exceeding 40 ft. high and 24 in. diam. The wood is extremely durable in water and 
wherever it is constantly wet ; but it soon rots on exposure to the weather or to damp, and is mnch 
attacked by worms when dry. It is soft, works easily, and carves well ; but it is most esteemed 
for piles, sluices, and pumps, and has been much cultivated in Holland and Flanders for such 
purposes. Its weight is 34-50 lb. a cub. ft. ; cohesive force, 5000-13,900 lb. ; strength, 80 ; stiff- 
ness, 63 ; toughness, 101. It is one of the woods used in making gunpowder (see p. 882). 

Alerce-wood {CalliMs quadrivalvti ). — ^This is the celebrated citrus- wood of the ancient 
Romans, the timber of the gum sandarach tree (see pp. 1681-2). The wood was esteemed above 
aU others for roofing temples and for tables, and is employed in the cathedral of Cordova. Among 
the luxurious Romans, the great merit of the tables was to have the veins arranged in waving 
lines or spirals, the former called “ tiger” tables and the latter “ panther.” Others were marked 
like the eyes on a peacock’s tail, and others again appeared as if covered with dense masses 
of grain. Some of these tables were 4-4J ft. diam. The specimens of the tree now existing in 
S. Morocco resemble small cypresses, and are apparently shoots from the stumps of trees that have 
been out or burnt, though possibly their stunted habit may be due to sterility of soil. The largest 
seen by Hooker and Ball in 1878 were in the Ourika valley, and were about 30 ft. high. The 
stems of the trees swell out at the very base into roundish masses, half buried in soU, rarely 
attaining a diameter of 4 ft. It is this basal swelling, whether of natural or artificial origin, 
which affords the valuable wood, exported in these days from Algiers to Paris, where it is used in 
the richest and most expensive cabinet-work. The unique beauty of the wood wdl always 
command for it a ready market, if it be allowed to attain sufficient size, and the tree is c^ainly 
deserving of eam^t attempt to naturalize it in the botanic gardens of some of our tropical colonies, 
before it becomes extinct at the hands of the apathetic Moors, who are wasting the wood for 
building and fuel 

Alerse (_Libocedrus tetragona ). — This is a Chilian tree, affording a timber which is largely used 
on the S. Pacific coast of America, and an important article of conunerce. It gives spars 
80-90 ft. long, and 800-1500 boards. Its grain is so straight and even that shingles split from it 
appear to have been planed. 

AsR (Fraximis excelsior). — The common ash is indigenous to Europe and N. Asia, and fonnd 
throughout Great Britain. The young wood is more valuable than the old ; it is durable in the 
dry, but soon rots by exposure to damp or alternate wetting, and is very snbject to worm when 
felled in full sap. It is difficult to work and too fiexible for building, but valuable in machinery, 
wheel-carriages, blocks, and handles of tools. The weight is 34-52 lb. a cub. ft. ; cohesive force) 
6300-17,000 lb. ; strength, 119 ; stiffness, 89 ; toughness, 160. 

Assegai-wood or Cape Lancewood {CuHisia /ajiinea).— This tree, the oonihldte of the 
African natives, gives a very tough wood, used for wheel-spokes, shafts, waggon-rails, spears, and 
turnery, weighing 56 lb. a cub. ft. 

Beech (F*S«* syfrafica).— The common beech inhabits n^st temperate parts of Europe, from 
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Norway to tfae Hediterranean, and is plentiful in S. Snssia. It is most abundant in the S. and 
Midland connties of England, growing on chalky soils to 100 ft. high and 4-6 ft. diam. Wood 
grown in damp valleys becomes brittle on drying; it is very liable to destmction by worms, decays 
in damp situations, less in a dry state, but least of all when constantly under water. It is thus 
most useful for piles, and for knees and planking of ships. Its uniform texture and hardness make 
it very valuable for tools and common furniture. It is also used for carriage-panels and wooden 
tramways. Its weight is 46-53 lb. a cub. ft. ; cohesive force, 6070-17,000 lb. ; strength, 103 ; 
stiffness, 77 ; toughness, 138. (See Oils, p. 1378 : Tar, p. 1683.) 

Beech. [American]. — Two species of Fagvs are common in N. America, — the white {F. syl- 
vestris), and the red (^F. ferruginea). The perfect wood of the former is frequently only 3 in. in a 
trunk 18 in. diam., and it is of little use except for fuel. The wood of the latter, which is almost 
exclusively confined to the N.-E. States, Canada, New Brunswick, and Nova Scotia, is stronger, 
tougher, and more compact, but so liable to insect attacks as to be little used in furniture ; yet it is 
very durable when constantly immersed in water. 

Birch (Betula spp.). — The common birch (fi. alba) is less important as a source of wood than 
as affording an empyreumatic oil (see pp. 1417-8, 1684). Its wood is neither strong nor durable, 
but is easily worked, moderately hard, and of straight and even grain, rendering it useful for 
chair-making, cabinet-making, and light turnery. Memel exported by sea in 1880, 175,051 birch 
staves, value 340i., and 45,596 logs, value 832/. 10s. 

The American red birch (A. rubra) has similar uses.' The black or cherry birch {B. lenta 
[nigrd]^ of N. America is superior to all others, and imported in logs 6-20 ft. long and 12-30 in. 
diam., for furniture and turnery. Quebec birch is worth 3/. 5s.-4/. 15s. a load. 

Box (Buxus sempervirens). — The common evergreen box is a native of Europe as far as 52° 
N. lat., and is abundant in S. and E. France, Spain, Italy, the Black Sea coast, Persia, N. India, 
China, and Japan. For some years past, the supply of this important wood has diminished in 
quantity and risen in price. It is mainly derived from the forests of the Caucasus, Armenia, and 
the Caspian shores. The wood of the beat quality comes from the Black Sea forests, and is princi- 
pally shipped from the port of Poti. The produce of the Caspian forests, known in the trade as 
“ Persian,” used also to be exported through the Black Sea from Taganrog. This found its way, after 
the commencement of the Eusso-Turkish war, vii the Volga canal, to St. Petersburg. The produce 
of the Caspian forests is softer and inferior in quality to that of the Black Sea. It is a large article 
of trade with. Russia, reaching Astrakhan and Nijni-Novgorod in the spring, and being sold 
during the fair. It recently amounted to 130,000 poods (of 36 lb.). True Caucasian boxwood may 
be said to be commercially non-existent, almost every marketable tree having been exported. The 
value of the yet unworked Abkhasian forests has been much exaggerated, many of the trees being 
either knotted or hoUow from age, and most of the good wood having been felled by the Abkhasians 
previous to Russian occupation. The boxwood at present exported from Rostov, and supposed to 
be Caucasian, comes from the Persian provinces of Mazanderan and Ghilan, on the Caspian. 
Boxwood is characterized by excessive hardness, great weight, evenness and closeness of grain, 
light colour, and capacity for taking a fine polish. Hence it is very valuable for wood-engraving 
(see p. 1610), turning, and instrument-making. The Minorca box {B. balearica), found in several 
of the Mediterranean islands, and in Asia Minor, yields a similar but coarser wood, which pro- 
bably finds its way into commerce. 

The shipments of boxwood from Taganrog were 4681 tons in 1878, 2904 tons in 1879, and 1839 
tons, 23,177/., in 1880. The exports from Trebizonde were, in 1879, 702 cwt. to Turkey, and 7040 
cwt. t(? Great Britain, total value 1161/. ; in 1860, 541 cwt., 51/., to Great Britain. Ghilan ex- 
ported to Russia 8846/. worth in 1878, and 4444/. worth in 1879. Poti despatched 12,640 poods 
(of 36 lb.) in 1877-8. The approximate value of Turkey box is 6-20/. a ton. 

Broadleaf or Almond (^Terminalia latifolid). — ^This is a Jamaica tree, growing 60 ft. high to 
the main branches, and 3J-5 ft. diam. It is used for timbers, boards, shingles, and staves. Its 
weight is 48 lb. a cub. ft . ; crushing-force, 7500 lb. ; breaking-weight, 750 lb. 

Bullet-tree (Mimusops Batata ). — This tree is found in the W. Indies and Central America. 
Its wood is very hard and durable, and fitted for most outside work ; it is used principally for 
posts, .sills, and rafters. It warps much in seasoning, splits easily, becomes slippery if used as 
flooring, and is very liable to attacks of sese-worms. Its weight is 65J lb. a cub. ft. ; crnshing- 
force, 14,330 lb. (See Resins — Balata, p. 1635, Chicle, 1639.) 

Calophyllum. See Tamanu, p. 2021. 

Cedar [Australian Bed] {Cedrela australis). — ^This tree is a native of Australia, where it has 
been almost exterminated, the timber being found so useful in house-building (for joinery, doors, 
and sashes) and boat-building. Its weight is 35 lb. a cub. ft. ; breaking-weight, 471 lb. 

Cedar [Bermuda] (Juniperus hermudiana). — This species is a native of the Bermudas and 
’^Balj|imas. Its wood much resembles that of Virginian Cedar, and is used for similar purposes, as 
well as for ship-building. It is ex^emely durable when ventilated and freed fron^sap-wood. It 
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last! 150-200 yean in bonsee, and 40 years as outside ahip-plaiiking, ' It is difficnlt %> get above 
8 in. sq. Its weight is 46-47 lb. a cub. ft. . . 

Cedar of Iiebanon (4.W«s Cedrus [Osdrus Zt&ant]). — ^Tbis evergreen tree is a native of 
Syria, and probably Candia and Algeria. The trank reaches 50 ft. high and 34-39 in. diam. The 
wood is said to be very dnrable, and to have been formerly extensively used in the construction of 
temples. It is straight-grained, easily worked, readily-splits, and is not liable ^ worm. Its 
weight is 30-38 lb. a cub. ft. : cohesive force, 7400 lb. a sq. in. ; strength, 62 ; stiffness, 28 ; 
toughness, 106. (See Oils, p. 1419.) 

Cedar [New Zealand] {Libocednis BidmUlU and L. Doniana ). — Of these species, the latter, 
the tawaka of the natives, is a fine timber tree 60-100 ft. high, yielding heavy, &e-grained wood, 
useful in fencing, house-blocks, piles, and sleepers. It weighs 30 lb. a cub. ft. ; breaking- weight, 
400 lb. The fiirst species gives a soft, porous wood, useless for timber purposes. 

Cedar [Virgfinian Sed] (Juniperus virginiawi). — ^This small tree (45-50 ft. high and 8-18 in. 
diam.) inhabits dry rocky hillsides in Canada, the United States, and W. Indies, and flourishes in 
Britain. The wood is much used in America for wardrobes, drawers, boxes, and furniture, being 
avoided by all insects on account of its strong odonr and flavour. It is light, brittle, and nearly 
uniform in texture. It is very extensively employed for covering graphite pencils, being imported 
in pieces 6-10 in. sq. It weighs 40) lb. a cub. ft. (See Oils, p. 1419.) 

Cedar [W. Indian or Havanna] (Cedrela odoratd ). — This tree is a native chiefly of 
Eondnias, Jamaica, and Cuba, having a stem 70-80 ft. high and 3-5 ft. diam., and exported in 
logs up to 3-4 ft. sq. Its wood is soft, porous, and brittle, and used chiefly for cigar-boxes and 
the inside of furniture. It makes durable planks and shingles. Its weight is 36 lb. a cub. ft. ; 
crushing-weight, 6600 lb. ; breaking-weight, 400 lb. Costa Kica exported from San Jose, in 1875, 
81 boards, 113 planks, and 7306 logs of cedar ; in 1878, 365 planks and 645 logs. The exports 
from British Honduras were 18,923 ft. in 1876, 77,582 in 1877, 87,129 in 1878. The approximate 
Loiidon market values are 4-5Jii. a ft. for Cuba cedar, and 4-5i(i. for Honduras, &c. 

Cedar Boom {Widdringtonia juniperoides ). — ^This tree is found in N. and W. Cape Colony, and 
its wood is used for floors, roofs, and other building purposes, but will not stand the weather. 

Chestnut (jOaatanea vesca). — This, the sweet or Spanish chestnut, is said to be a native of 
Greece and W. Asia, but grows wild also in Italy, France, Spain, N. Africa, and N. America. It 
lives to 1000 years, but reaches ita prime at about 60, when the stem may be 40-60 ft. long 
and 3-6 ft. diam. The wood is hard and compact : when young, it is tough and flexible, and as 
durable as oak; when old, it is brittle and shaky. It does not shrink or swell so much as other 
woods, and is easier to work than oak ; but soon rots when built into walls. It is valued for hop- 
poles, palings, gate-posts, stakes, and similar purposes. Its weight is 43-54 lb. a cub. ft. ; 
cohesive force, 8100 lb. ; strength, 68 ; stiffness, 54 ; toughness 85. (See Nuts, p. 1352 • Tannin 
p. 1982.) 

Cypress (^Cupreasus sempenirena ). — This tree is abundant in Persia and the Levant, and 
cultivated in all countries bordering the Mediterranean, thriving best in wann sandy or gravelly 
soil, and reaching 70-90 ft. high. Its wood is said to be the most durable of all. For furniture 
it is stronger than mahogany, and equally repulsive to insects. In Malta and Candia, it is much 
used for building. It weighs about 40-41 lb. a cub. ft. 

Deal [White], White Fir, or Norway Spruce {AUea er^crisa).— This tree inhabits the 
mountainous districts of Europe, and extends into N. Asia, being especially prevalent in 
Norway. It runs to 80-100 ft. high, and about 2-3 ft. max. diam. Tlie tree requires 70-80 years 
to reach perfection, but is equally durable at all ages. It is much imported in spars and* deals, 
the latter about 12 ft. long, 3 in. thick, and 9 in. wide. The wood glues well, and is very durable 
while dry, but much more knotty than Northern Pine. It is fine-grained, and does well for 
gilding on, also for internal joinery, lining furniture, and packing-cases. A principal use is for 
scaffolds, ladders, and masts, for which purpose it is largely imported from Norway in entire 
trunks, 30-60 ft. long, and 6-8 in. max. diam. It is shipp^ from Christiania, Friedrichstadt, 
Drontheim, Gottenburg, Riga, Narva, St. Petersburg, &c. Christiania deals and battens are 
reckoned best for panelling and upper floors; Friedrichstadt have small black knots; lowland 
Norway spUt and warp in drying; Gottenburg are stringy and mostly used for packing-cases- 
Narva are next in quaUty to Norway, then Riga; St. Petersburg sbriclr and swell even after 
painting. The wood is generally light, elastic, tough, easUy worked, and extremely durable when 
properly seasoned. It weighs 28-34 lb. a cub. ft.; cohesive force, 8000-12,000 lb a sq in • 
strength, 104 ; stiffness, 104 ; toughness, 104. (See Rosin, p. 1680 ; Pine-oils, p. 1408 • Turnentin^ 
oils, p. 1431 ; Pitch, pp. 1678-9 ; Tar, p. 1684.) 

Deodar (Cedras Zcodara).— This tree is found in the Himalayas at 5000-12,000 ft., and on the 
higher mountains from Nepal to Kashmir, measuring 150-200 ft. high, and over 30 ft. circ. Its 
wood is extremely valuable for all carpentry, and most generally used in the Punjab for buildin? 
Its weight is 3J lb. a cub. ft. ; breaking-weight, 520 lb. - 
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Dogwood. — ^The American dogwood QComus florida) is a bee 30 ft. bigb, cmnmon in the woods 
of many para of K. America. Its wood is hard, heavy, and close-grained, and lai^ely nsed locally 
for tool-bandies ; it baa been imported into England with some sncceas as a snbstitnte for box in 
making shuttles for textile machinery. 

The black dogwood or alder buckthorn (Rhamnus Franguta) is abundant in Asia Minor, and 
affords one of the best wood charcoals for gunpowder-making (see p. 882). Its berries probably 
contribute to the yellow dyestuff known as Persian berries (see p. 864). 

Doom Boom or Kameel Boom ^Acacia harrida ). — This bee is a native of S. Africa, and 
affords small timber used for fencing, spars, fuel, and charcoal. (See Cape Arabic, p. 1632.) 

Bbony (Diospyros spp.). — The best and most costly kind of ebony, having the blackest and 
finest grain, is the wood of Z>. reticulata, of Mauritius. Two E. Indian species, Z>. Melanoxylon and 
D. Ebenaster, also contribute commercial supplies, and another kind is obtained from D. Ebenum, of 
Ceylon. The heart-wood of the trunk of these bees is very hard and dense, and is largely nsed for 
fancy cabinet-making, mosaic work, turnery, and small articles. The approximate London market 
values are 5-20/. a ton for Ceylon, and 3-12/. for Zanzibar, &o. 

Elm (Ulmus spp.). — ^Five species of elm are now grown in Britain : — ^The common rough- 
leaved ( U. campestris) is frequent in scattered woods and hedges in S. England, and in France and 
Spain, attaining 70-80 ft. high and 4 ft. diam. Its wood is harder and more durable than the 
other kinds, and is preferred for coffins, resisting moisture well. The cork-barked ( U. suberosa) 
is common in Sussex, but the wood is inferior. The broad-leaved wych-elm or wyoh-hazel ( U. 
montana) is most cultivated in Scotland and Ireland, reaching 70-80 ft. high and 3-4J ft. diam. 
The smooth-leaved wych-elm ( U. glabra) is abundant in Essex, Hereford, the N. and N.-E. counties 
of England, and in Scotland, growing to a large size. The wood is tough and flexible, and 
preferred for wheel-naves. The Dutch elm ( £71 major), the smallest of the five, is indigenous to 
Holland ; its wood is very inferior. Elm-bunks average 44 ft. long and 32 in. diam. The wood is 
very durable when perfectly dry or constantly wet. It is not useful for general building, but 
makes excellent piles, and is used in wet foundations, waterworks, and pumps ; also for wheel- 
naves, blocks, keels, and gunwales. It twists and warps in drying, shrinks considerably, and is 
difficult to work ; but is not liable to split, and bears the driving of bolts and nails very well. Its 
weight is 34-50 lb. a cub. ft.; cohesive force, 6070-13,200 lb.; strength, 82; stiffness, 78; 
toughness, 86. 

These species of elm are indigenous to N. America, and have similar uses to the European 
kinds : — The common American ( U. americana) grows in low woods from New England to Canada, 
reaching 80-100 ft. high; its wood is inferior to English. The Canada rook or mountain 
( U. racemosa) is common to Canada and the N. States ; the wood is used in boat-building, but is 
very liable to shrink, and gets shaky by exposure to sun and wind ; its weight is 47-55 lb. a 
cub. ft. The slippery ( U. fulva) gives an inferior wood, though much used for various purposes. 
Quebec elm is valued at 4-57. a load. 

Fir [Silver] (JPicea pectinata). — This large tree (100 ft. high, and 3-5 ft. diam.) is indigenous 
to Europe, Asia, and N. America, growing in British plantations. It is said to attain its greatest 
perfection in this country at 80 years. The wood is of good quality, and much used on the 
Continent for carpentry and ship-building. Floors of it remain permanently level. It is liable to 
attacks of the worm, and lasts longer in ab than in water. It weighs about 25J lb. a cub. ft. 

Greenheart or Bibiri (JHectandra Sodicei [leucantba]). — This celebrated ship-building wood 
is a native of British Guiana, and has been largely exported from Demerara to English dockyards. 
It give* balks 50-60 ft, long without a knot, and 18-24 in. sq., of hard, fine-grained, strong, and 
durable wood. It is reputed proof against sea-worms, and placed in the first class at Lloyd's ; it 
is very difficult to work, on account of its splitting with great force. Its weight is 58-65 lb. a 
cub. ft. ; crushing-weight, 12,000 lb. ; breaking-weight, 1424 lb. (See Starch, p. 1823.) 

Gum [Blue] {Eucalyptus Globulus). — This Australian and Tasmanian tree is of rapid growth, 
and often reaches 150-300 ft. high and 10-20 ft. diam. Its wood is hard, compact, difficult to 
work, and liable to split, warp, and shrink in seasoning. It is used for general carpentry and 
wheel-spokes. Its weight is 60 lb. a cub. ft. ; crushing-force, 6700 lb. ; breaking-weight, 550- 
900 lb. (See Eucalyptus-oils, p. 1420 ; Kino, p. 1668 ; Taimin, p. 1993.) 

ft iinri ['WTiite or Swamp] {E, vimiaalis). — This tree is found chiefly in Tasmania, and a 
variety called the Tuvart occurs in 'W. Australia. The wood is valued for its great strength, 
and is sometimes used in ship-building, but more in house-building, and for purposes where weight 
is not an objection. It is sound and durable, shrinks little, but has a twisted grain, which makes 
it difficult, to work. Its weight is about 70 lb. a cub. ft. ; crushing-force, 10,000 lb. ; breaking- 
weight, 730 lb. 

TTioIrnry or Wllite "Walnut {Carya [Juglans'] alba). — There are about a dozen species of 
hickory, natives of N. America, forming large forest trees. Their timber is coarse-grained, and 
^ety^trong, tough, and heavy ; but is unsuited for building, as it does not bear exposure to the 
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weathei; and fa moch stacked by ioseets. It fa extenaiTely used where toughness aijd elasticily 
are required, such as Iot h^rel-hoops, presses, handles, shafts and poles of wheel-carriages, fishing- 
tods, and even light furniture. The most important fa the shell-bark, scaly-bark, or shag-bark 
(C. aJba), ^-nmTnnT. throughout the Alleghanies from Carolina to New Hampshire, growing 80-90 ft. 
high and 2—3 ft. diam. (See Nuts, p. 1358 ; Ods, p. 1391.) 

Xronbark {Eucalyptus resim/era).— This rugged tree fa found in most parts of the Australian 
continent, frequently reaching 100-150 ft. high anda-6 ft. diam., the usual market logs being 
20-40 ft. long and 12-18 in. sq. Its wood fa straight-grained, very dense, heavy, strong, and 
durable, but very difficult to work. It fa liable to bo shaky, and can only be employed with 
advantage in stout planks or large scantlings. Its weight is 64i lb. a cub. ft. ; crushing-force, 

9921 lb. ; breaking-weight, 1000 lb. 

Ironwood [Cape] {Olea -undufato).— This S. African wood, the tambooti or booshe of the 
natives, fa very heavy, fine-grained, and durable, and fa used for waggon-axles, wheel-cogs, spokes, 
telegraph-poles, railway-sleepers, and pUes. This fa the “ black ’’ ironwood. The “ white ” ( Vepris 
Umceolata) fa used for similar purposes. 

Jack, or Ceylon Makogany {Artocarpus integrifolia '). — ^Thfa useful- tree is a native of the 
E. Archipelago, and fa widely cultivated in Ceylon, S. India, and all the warm parts of Asia, 
mainly as a shade-tree for coffee and other crops. Its wood is in very general use locally for making 
furniture ; it fa durable, and can be got in logs 21 ft. long and 17 in. diam. Its weight fa 42 lb. a 
cub. ft. ; breaking-weight, 600 lb. 

Jack [Jungle], or Anjilli {A. hirsuta ). — This species is remarkable for size of stem, and 
fa found in Bengal, Malabar, and Burma. Its wood fa strong and close-grained, and considered 
next in value to teak for ship-buUding. Its weight fa 38-49 lb. a cub. ft.; cohesive force, 
13,000-15,000 lb. ; breaking-weight, 740 lb. 

Jarrah, Australian Mahogany, or Flooded or Bed Gum {Eucalyptus marginata ). — 

This tree attains greatest perfection in W. Australia, reaching 200 ft. high. Its wood is hard, 
heavy, close-grained, and very durable in salt and fresh water, if cut before the rising of the sap. 

It fa best grown on the hills. It resists sea-worms and white ants, rendering it specially valuable 
for ships, jetties, railway-sleepers and telegraph-posts, but shrinks and warps considerably, so that 
it fa unfit for fioora or joinery. Logs may be got 20-40 ft. long and 11-24 in. sq. Its weight fa 
62J lb. a cub. ft. ; crushing-force, 7000 lb. ; breaking-weight, 500 lb. 

Kanyin {Diptcrocarpus alatus ). — This magnificent tree is found chiefly in Pegu and the 
Straits, reaching 250 ft. high. Its wood is hard and close-grained, excellent for all house-building 
purposes, but not durable in wet. Its weight is 45 lb. a cub. ft. ; breaking-weight, 750 lb. 

Another species (D. turbinatus), found in Assam, Burma, and the Andamans, fa similar, and 
much used by the natives in house-building. 

Kauri, Cowrie, or Pitch-tree {Vammara australis ). — This gigantic conifer fa a native of 
New Zealand, growing 80-140 ft. high, with a straight clean stem 4-8 ft. diam. The wood fa 
close, even, fine-grained, and free from knots. It is chiefly used and well adapted for masts and 
spars ; also for joinery, as it stands and glues well, and shrinks less than pine or fir. But it 
buckles and expands very much when cut into narrow strips for inside mouldings. Its weight fa 
35-40 lb. a cub. ft. ; cohesive force, 9600-10,960 lb. a sq. in. (See Kesins, p. 1666.) 

liarch [American Black], Tamarak, or Hackmatack {Larix pendula ). — This tree 
ranges from Newfoundland to Virginia, reaching 80-100 ft. high, and 2-3 ft. diam. The wood fa 
said to nearly equal that of the European species. 

Earch [Common or European] (i. europxa ), — This species is a native of the SvAss and 
Italian Alps, Germany, and Siberia, but not of the Pyrenees ubr of Spain. The Italian is moi^t 
esteemed, and has been considerably planted in England. The tree grows straight and rapidly to 
100 ft. high. The wood is extremely durable in all situations, such as posts, sleepers, &c., and is 
preferable to pine, pinaster or fir for wooden bridges. But it fa less buoyant and elastic than 
Northern Pine, and boards of it are more apt to warp. It bums with difficulty, and makes 
excellent ship-timber, masts, boats, posts, rails, and fnraitnre. It is peculiarly adapted for stair- * 
cases, doors, and shutters. It fa more difficult to work than Northern Pine, but makes a good 
surfime, and takes oil or varnish better than oak. The liability to warp fa said to be obviated 
by barking the trees while growing in spring, and cutting in the following autumn, or next 
year ; this is also said to prevent dry-rot. The wood weighs 34-36 lb. a cub. ft. ; cohesive 
force, 6000-13,000 lb.; strength, 103; stiffiuess, 79; toughness, 134. (See Venice Turpentine, 
p. 1691.) 

lagnum-vitse {Guaiacum officinale).— This tree grows chiefly on the S. side of Jamaica, and 
affords one of the hardest and heaviest woods, extremely useful for the sheaves and blocks of 
pulleys, for which purpose it should be cut with a band of sap-wood all round, to prevent splitting. 

Its weight fa 73 lb. a cub. ft. ; crushing-weight, 9900 lb. The exports of liguum-vitse from - 

Domingo in 1880 were : —164 tons to Great Britain, 25 tons to France, 700 tons to Germany, 10 
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tons to ItaV> 239 tons to the United States, 41 tons to the W. Indies; total 1149 tons. The 
approximate London market value is 4-101. a ton. (See Drugs, p. 816; Besins, p. 1651.) 

Locust-tree (Hymensa Courbaril ). — This tree is a native of S. America, and is found also in 
Jamaica. Its wood is hard and tough, and useful for honse-building. Its weight is 42 lb. a cub. ft. ; 
crushing-force, 7500 lb. ; breaking-weight, 750 lb. (See Jutahy-seca, p. 1666.) 

SEahogany (^Swietenia JfaAojani).— This tree is indigenous to the W. Indies and Central 
America. It is of comparatively rapid growth, reaching maturity in about 200 years, and the 
trunk exceeding 40-50 ft. long and 6-12 ft. diam. The wood is very durable in the dry, and not 
liable to worms. Its costliness restricts its use chiefly to furniture; it has been extensively 
employed in machinery for cotton-mills. It shrinks very little, warps and twists less than any 
other wood, and glues exceedingly well. It is imported in logs: those from Cuba, Jamaica, 
San Domingo, known as “ Spanish,” are about 20-26 in. sq. and 10 ft. long ; those from Honduras, 
2-4 ft. sq. and 12-14 ft. long. The weight is 35-53 lb. a cub. ft. ; the cohesive force is 7560 lb. 
in Spanish, and 11,475 lb. in Honduras ; the strength, stiffness, and toughness are respectively 
67, 73, and 61 in Spanish, and 96, 93, and 99 in Honduras. 

The tree attains its greatest development and grows most abundantly between 10° N. lat. and 
the Tropic of Cancer, flourishing best on the higher crests of the hills, and preferring the lighter 
soils. It is found in abundance along the banks of the Usnmacinta, and other large rivers flowing 
into the Gulf of Mexico, as well as in the larger islands of the W. Indies. British settlements for 
cutting and shipping the timber were established so long ago as 1638-40, and the right to the 
territory has been maintained by Great Britain, chiefly on account of the importance of this 
branch of industry. The cutting-season usually commences about August. It is performed by 
gangs of men, numbering 20-50, under direction. of a “ captain ” and accompanied by a “ hunts- 
man,” the duty of the latter being to search out suitable trees, and guide the cutters to them. 
The felled trees of a season are scattered over a very wide area. All the larger ones are “ squared ” 
before being brought away on wheeled trucks along the forest-roads made for the purpose. By 
Maroh-April, felling and trimming are completed ; the dry season by that time permits the trucks 
to be wheeled to the river-banks. A gang of 40 men work 6 trucks, each requiring 7 pair of 
oxen and 2 drivers. Arrived at the river, the logs, duly initialed, are thrown into the stream ; the 
rainy season follows in May-June, and the rising current carries them seawards, guided by men 
following in canoes. A boom at the river-mouth stops the timber, and enables each owner to 
identify his property. They are then made up into rafts, and taken to the wharves, for a final 
trimming before shipment. The cutters often continue their operations far into the interior, and 
over the borders into Guatemala and Yucatan. 

The exports of mahogany from British Honduras were 1,821,307 ft. in 1876, 3,080,807 in 1877, 
3,146,582 in 1878. San Domingo exported in 1880; 18,000 ft. to Great Britain, 62,400. to France, 
24,200 to Germany, 68,500 to Italy, 86,650 to Spain, 104,000 to the W. Indies ; total, 353,750 ft. 
The approximate London market values are : — Cuba, 5-9d. a ft. ; San Domingo, 5-9d. ; Mexican, 
4-5d. ; Tobasco, 4J-6(/. ; Honduras, 4-5Jd. (See Mahogany-gum, p. 1673.) 

Mahogany [African] (S', senegalensis). — This hard and durable wood is brought from Sierra 
Leone, and is much used for purposes requiring strength, hardness, and durability. But it is very 
liable to premature decay, if the heart is exposed in felling or trimming. 

Mahogany [E. Indian]. — Two species of Swietenia are indigenous to the E. Indies : — S.febri- 
fuga is a very large tree of the mountains of Central Hiadostan ; the wood is less beautiful than 
true mahogany, but much harder, heavier, and more durable, being considered the most lasting timber 
in India. S. cMoroxulon is found chiefly in the Circar mountains, and attains smaller dimensions ; 
the wood more resembles box. 

Mango (Mangifera indica). — This tree grows abundantly in India, where numerous varieties 
are cultivated, as also in Mauritius, Brazil, and in other tropical climates. Its wood is generally 
coarse and open-grained, but is excellent for common doors and door-posts when well seasoned ; 
it is light and strong, but liable to snap ; it is durable in the dry, but decays rapidly when exposed 
to weather or water, and is much attacked by worms and ants. Its weight is 41 lb. a cub. ft.; 
cohesive force, 7700 lb. ; breaking-weight, 560 lb. (See Kesins, p. 1673.) 

SEaple {Acer saccharinum). — The sugar-maple (see pp. 1902-3) is liable to a peculiarity of growth, 
which gives the wood a knotted structure, whence it is called “ bird’s-eye maple.” The cause of 
this structure has never been satisfactorily explained. The handsome appearance thus given to 
the wood is the reason of its value in furniture and cabinet-making. 

Miro {Podocarpus ferrvginea). — This is a New Zealand tree, giving brownish wood 20-30 ft. 
long and 15-30 in. sq., useful for internal carpentry and joinery, and weighing 46 lb. a cub. ft. 

Mora {Mora excelsd). — This tree is a native of British Guiana and Trinidad, growing luxu- 
riantly on sand-reefs and barren clays of the coast regions, reaching 130-150 ft. high, and squaring 
in. Its wood is extremely tough, close, and cross-grained, being one of the most difficult 
to split. It is one of the eight flr|J;-elas8 woods at Lloyd’s, making admirable Ijeels, timbers, 

6 N 



TIMBEB. 


beams, jmd knees, and in most respects snperioi to oe^. Its weight is 57 lb. a cub. ; cmshing- 
fei^ 10,000 lb., bieaking.dreight, 1212 lb. . 

' {Terminalia ooriacea ). — This is a common tree of Central and S. India. Its wood is hard, 

hea^, tongh, fibrous, close-grained, rather difficult to Trork, unaffected by white ants, and con- 
sidered extremely durable. It is used for beams and telegraph-posts. Its weight is 60 lb. a cub. ft. ; 
breaking- weight, 860 lb. 

Nan-mu (Persea Nanmu ). — That portion of the Chinese province of Yunnan which lies 
between 25° and 26° N. lat. produces the famous nan-mu tree, which is highly esteemed by the 
Chinese for building and coffins, on account of its durability and pleasant odour. It is imported 
into Shanghai in planks measuring 8 ft. long and 13-14 in. diam., for which the highest price is 
200 dol. (of 4s. 2d.) a plank. 

Naugiia.— This tree is generally found in the Pacific Islands on desert shores, or on the brinks 
of lagoons, where its roots are bathed by the tide. Its wood has great weight, intense hardness, 
and closeness of grain. It is considered a valuable substitute for box for wood-engraving (see 
p. 1610). Blocks 18 in. diam. are common. 

Neem (^ifelia Azadirachtd ). — This is a common, hardy, and quick-growing Indian tree, reaching 
40-50 ft. high, and 20-24 in. diam. The trunk and branches are cut into short, thick planks, 
much used for lintels of doors and windows. The wood is'liard and durable, but attacked by 
insects. Its fragrant odour makes it in request by natives for doors and door-frames. It is difficult 
to work, takes a fine polish, and is good for joinery where strength is not demanded; but becomes 
brittle and liable to snap when dry. Its weight is 51 lb. a cub. ft. ; cohesive force, 6940 lb. ; 
breaking-weight, 600 lb. (See Oils — Margosa, p. 1395.) 

Oak (_Quercus spp ^. — ^The most common British oak is Q. fieduneuXata, found throughout Europe 
from Sweden to the Mediterranean, and in N. Africa and Asia. Its wood is tolerably straight and 
fine in the grain, and generally free from knots. It splits freely, makes good laths for plasterers 
and slaters, and is esteemed the best kind for joists, rafters, and other purposes where a stiff, straight 
wood is desirable. The “durmast” oak (0. sessiliflora) has the same range as the preceding, but 
predominates in the German forests. Its wood is heavier, harder, and more elastic ; liable to warp, 
and difficult to split. Both are equally valuable in ship-building. Quantities of oak timber are 
shipped from Norway, Holland, and the Baltic ports, but are inferior to English-grown for ship- 
building, though useful for other purposes. 

Of American oaks, the most important are as follows. The chestnut-leaved (0. prinos) gives a 
. coarse-grained wood, very serviceable for wheel-carriages. The red (Q. nibrd) in Canada and the 
Alleghanies, affords a light, spongy wood, useful for staves. The wood of the white oak (Q. alba), 
ranging from Canada to Carolina, is tough, pliable, and durable, being the best of the American 
kinds, but less durable than British. It is exported from Canada to Europe as “ American oak.” 

The iron or post oak (Q. obtusiloba), found in the forests of Maryland and Virginia, is frequently 
called the “ box white oak,” and chiefly used for posts and fencing. The live oak (Q. virens) is the 
best American ship-building kind, inhabiting the Virginian coast. 

Oak warps, twists, and shrinks much in drying. Its weight is 37-68 lb. a cub. ft., according to 
the kind ; cohesive force, 7850-17,892 lb. It is valuable for all situations when it is exposed to 
the weather, and where its warping and flexibility are not objectionable. Quebec oak is worth 
about 4?. 10s.-7f. a load ; Dantzio aud Memel, SI. 10s.-5f. (See Acorn-oil, p. 1415 ; Cork, pp. 722-9 ; 
Valonia, pp. 1992-3; Oak-barks, pp. 1987-8.) 

Oak [African], African Teak, or Turtosa {Oldfieldia africana). — This important 
W. African timber has lately been largely imported from Sierra Leone as a substitute for oak 
and teak. Though stronger than these, its great weight precludes its general use ; but it is 
valuable for certain parts of ships, as beams, keelsons, waterways, and it wUl stand much heat 
in the wake of steamer flres, decaying rapidly, however, in confined situations. It warps in 
planks, swells with wet, and splits in drying again; it is not proof against insects. Its weight is 
58-61 lb. a cub. ft. ; cohesive force, 17,000-21,000 lb. , 

Oak [Australian].— Two hard-wooded trees of Australia are the forest-oak (Casmrina 
torulosa) and the forest swamp-oak (C. paludosa). They reach 40-60 ft. high and 12-30 in. diam. 
and are used in house-building, mainly for shingles, as they split almost as neatly as slate.' ^hey 
weigh 50 lb. a cub. ft. ; crushing-force, 5500 lb. ; breaking-weight, 700 lb. 

The she-oak (C. quadrivalvis) and he-oak (C. suberosa) of Tasmania are used mostly for orna- 
mental purposes. 

Pai-ch’ha {Euonymus sp.).— The wood of this tree has been aUudedto(p. 1610) as a substitute 
for box-wood, -being extensively produced in China, and largely used at Ningpo and other places 
for wood-carving. It is very white, of fine grain, cuts easily, and is weU suited for carved 
frames, cabinets, &o. ; but it is not at all likely to supersede box-wood, though well fitted for 
coarser work. ^ 

Pear {Pyrus commams),— Pear-tree wood is one of the hea viest and hardest of the timbers indi- 


WEYMOUTH PBSE. 


2019 


genoos to It has a compact fine grain, and takes a high polish ; it is in great request, by 

millwrights in France for making wheel-cogs, rollers, cylinders, blocks„&c., and is preferred bafore 
all others for the screws of wine-presses. It ranks second to box for wocd-en^aving and tnm^p’. 

Persimmon (^Diospyros virginiamy—lhe Virginian date-palm or persimmon is a native of the 
United States, growing 50-60 ft. high and IJ ft. diam. Its heart-wood is brown, hard, and elastioj 
but liable to split ; it has been with some success introduced into England as a substitute for box- 
wood in shuttle-making and wood-engraving. 

Fine [Black] or BEatai (Podocarpus spicata ). — This New Zealand timber is much more 
durable than Miro (p. 2017), and is used for all purposes where strength and solidity are required. 
Its weight is 40 lb. a cub. ft. ; breaking-weight, 420-800 lb. 

Pine [Cluster] or Pinaster Pinaster). — This pine inhabits the rocky mountains of 

Europe, and is cultivated in English plantations ; it reaches 50-60 and even 70 ft. in height. It 
likes deep dry sand, or sandy loam in a dry bottom ; but avoids all calcareous soils. The wood is 
said to be more durable in water than in air. It is much used in France for shipping-packages, 
piles and props in ship-building, common carpentry, and fuel. It weighs 25J lb. a cub. ft. 

Pine [Huon] {Dacrydiam Franklinii ). — This tree is said to be abundant in portions of S.-W. 
Tasmania, growing 50-100 ft. highland 3-8 ft. diam. The wood is clean and fine-grained, being 
closer and more durable than American White Pine, and can be had in logs 12-20 ft. long and 
2 ft. sq. Its weight is 40 lb. a cub. ft. 

Pine [Moreton Bay] (draucaria Cunningkami). — This abundant Queensland tree grows over 
150 ft. high and 5 it diam., giving spars 80-100 ft. long. Its wood is straight-grained, tough, and 
excellent for joinery ; but is not so durable as Yellow Pine, and is liable to attacks of sea-worms 
and white ants. It is used for fiooring and general carpentry, and for shingles ; it holds nails and 
screws well. Its weight is 45 lb. a cub. ft. 

Pine [Norfolk Island] (d. excelsa). — ^This tree inhabits Norfolk Island and Australia, 
growing 200-250 ft. high and 10-12 ft. diam. Its wood is tough, close-grained, and very durable 
for indoor work. 

Pine [Northern], or Bed, Yellow, Scotch, Memel, Biga, or Bantzic Pir (Pinas 
syhestris ). — This tree forms with the spruce fir the great forests of Scandinavia and Russia, and 
attains considerable size in the highlands of Scotland. The logs shipped from Stettin reach 18-20 
in. sq. ; those from Dantzic, 14-16 in. and even 21 in. sq., and up to 40-60 ft. long ; from Memel, 
up to 13 in. sq., and 35 ft. long ; from Biga, 12 in. sq. and 40 ft. long, and spars 18-25 in. diam. 
and 70-80 ft. long ; Swedish and Norwegian, up to 12 in. sq. It comes also in planks (11 in. wide), 
deals (9 in.), and battens (7 in.). The best are Christiania yellow deals, but contain much sap ; 
Stockholm and Gefle are more disposed to warp ; Gottenburg are strong, but bad for joinery ; Arch- 
angel and Onega are good for joinery, but not durable in damp ; Wiborg are the best Russian, but 
inclined to sap; Petersburg and Narva yellow are inferior to Archangel. Well-seasoned pine is 
almost as durable as oak. Its lightness and stifihess render it the best timber for beams, girders, 
joists, rafters, and framing ; it is much used for masts ; and for joinery is superior to oak on all 
scores. The hardest comes from the coldest districts. The cohesive force is 7000-14,000 lb. per 
sq. in. ; weight, 29-40 lb. per cub. ft. ; strength, 80 ; stiffness, 114 ; toughness, 56. (See Rosin, 
p. 1680; Pitch, pp. 1678-9; Pine-oils, p. -1408; Turpentine-oils, p. 1431; Thus, p. 1684; Tars, 
p. 1683 ; Turpentine, p. 1687.) 

Pine [Pitch] (P. rigida [rcsinosa]). — ^This species is found throughout Canada and the United 
State^ most abundantly along the Atlantic coast. The wood is heavy, close-grained, elastic, and 
durable, but very brittle when old or dry, and difficult to plane. The heart-wood is good against 
alternate damp and dryness, but inferior to White Pine underground. Its weight is 41 lb. per 
cub. ft. ; cohesive force, 9796 lb. per sq. in. ; stifihess, 73 ; strength, 82 ; toughness, 92. 

Pine [Bed, Norway, or Yellow] (P. rabra [ressaosa]). — This tree grows on dry stony 
soils in Canada, Nova Scotia, and the N. United States, reaching 60-70 ft. high, and 15-25 in. 
diam. at 5 ft. above ground. The wood weighs 37 lb. per cub. ft. ; it is much esteemed in Canada 
for strength and durability, and, though inferior in these respects to Northern Pine, is preferred by 
English shipwrights for planks and spars, being soft, pliant, and easily worked. 

fine [Bed] or Bimu (fiacrydium cupressinum ). — This New Zealand wood runs 45 ft. long, 
and up to 30 in. sq., and is much used in house-framing and carpentry, but is not so well adapted 
to joinery, as it shrinks irregularly. It weighs 40 lb. a cub. ft. (See Rimu-resin, p. 1680.) 

Pine [Weymoutli or Whiite] (Pinns strobus ). — This tree inhabits the American continent 
between 43° and 47° N. lat., occupying almost all soils. The timber is exported in logs over 
3 ft. sq. and 30 ft. long; it makes excellent masts; is light, soft, free from knots, easily worked, 
glues well, and is very durable in dry climates ; but is unfit for large timbers, liable to dry-rot, 
and not durable in damp places, nor does it hold nails well. It is largely employed for wooden 
'^her.’ses and timber bridges in America. Its weight is 28| lb. per cub. ft. ; cohesive force, 
11,835 lb. ; stifhess, 95 ; strength, 99; toughness, 103. . 
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Pine LWnite], or TCahikatea {Podocarpas dacrydioides). — ^Thia New Zealand timber tree 
gives wood 40 ft. long and 24-40 in. sq., straight-grained, soft, flexible, warping and shrinking 
Utile, and well adapted for flooring and general joinery, though decaying rapidly in damp. Its 
w^ht is 30 lb. a cub. ft. ; breaking-weight, 620 lb. 

Fine [Yellow, Spruce, or Short-leaved] {Finns varidbilis and P. mins'). — The former 
speoips is found Atom New England to Georgia, the wood being much used for all carpentry, and 
esteemed for large masts and yards ; it is shipped to England from Quebec. The latter is abundant 
in the Middle States and throughout N. America, reaching 50-60 ft. high and 18 in. diam. It is 
much used locally for framework : the heart-wood is strong and durable ; the sap-wood is very 
inferior. 

Plane {Platanw orientcUis and P. occidentalis ). — ^The first species inhabits the Levant and 
adjoining countries, growing 60-80 ft. high end up to 8 ft. diam. The wood is more figured than 
beech, and is used in England for furniture ; in Persia, it is applied to carpentry in general. 

The second species, sometimes called “ water-beech,” “ button-wood,” and “ sycamore,” is one of 
the largest N. American trees, reaching 12 ft. diam. on the Ohio and Mississippi, but generally 3-4 ft. 
The wood is harder than the oriental kind, handsome when cut, works easily, and stands fairly 
well, but is short-grained and easily broken. It is very durable in water, and preferred in 
America for quays. Its weight is 40-46 lb. a cub. ft. ; cohesive force, 11,000 lb. ; strength, 92 ; 
stifihess, 78 ; toughness, 108. 

Poon (Calophyllum Purmanni"). — This tree is abundant in Burma, S. India, and tlie E. Archi- 
pelago. It is tall and straight, and about 6 ft. circ. It is used for the decks, masts, and yards of 
ships, being strong and light. Its texture is coarse and porous, but uniform : it is easy to saw and 
work up, holds nails well,’ but is not durable in damp. Its weight is 40-55 lb. a cub. ft. ; cohesive 
force, 8000-14,700 lb. Another species((?. anyustifolium) from the Malabar Hills is said to furnish 
spars. 

Poplar {Popultus ^p.).— Five species of poplar are common in England : the white (P. aVm), 
the black (P. nigra), the grey (P. canescens), the aspen or trembling poplar (P. tremula), and the 
Lombardy (P. dilatata) ; and two in America : the Ontario (P. macrophylla), and the black Italian 
(P. acladesca). They grow rapidly, and their wood is generally soft and light, proving durable in 
the dry, and not liable to swell or shrink. It makes good flooring for places subject to little wear, 
and is slow to burn. It is much used for butchers’ trays and other purposes where weight is 
objectionable. The Lombardy is the lightest and least esteemed, but is proof against mice and 
insects. The weight is 24-33 lb. a cub. ft. ; cohesive force, 4596-6641 lb. ; strength, 50-86 ; 
BtiffhesB, 44-66 : toughness, 57-112. Poplar is one of the best woods for paper-making (see p. 1493). 
The trees also yield an oU (p. 1427). 

Pymma {Lagerstrcmia reginae).—The wood of this abundant Indian tree, particularly in S. India, 
. Burma, and Assam, is used more than any except teak, especially in boat-building, and posts, 
beams, and planks in house-buUding. Its weight is 40 lb. a cub. ft. ; cohesive force, 
13,000-15,000 lb. ; breaking-weight, 640 lb. 

Pyiikado or Ironwood {Inga xylocarpa).— 'This valuable timber tree is found throughout 
S. India and Burma. Its wood is hard, close-grained, and durable ; but it is heavy, not easily 
worked, and hard to drive nails into. It is much used in bridge-building, posts, piles, and 
sleepers. Its weight is 58 lb. a cub. ft. ; cohesive force, 16,000 lb. ; breaking-weight, 800 lb* 

Rata. {Metrosideros lucida). — This tree is indigenous to New Zealand, ^ving a hard timber 
20-25 ft. long and 12-30 in. sq., very dense and solid, weighing 65 lb. a cub. ft. 

RohunfSoymiaa/cJn/u^a).— This large forest tree of Central and S. India affords a close- 
grained, strong and durable wood, which stands well when underground or buried in masonry but 
not ^ weU when exposed to weather. It is useful for palisades, sleepers, and house- work, 
and is not very difficult to work. Its weight is 66 lb. a cub. ft. ; cohesive force, 15 000 lb • 
breaking-weight, 1000 lb. ’ > • > 


Rosewood. The term “ rosewood ” is applied to the timber of a number of trees, but the most 
important U the Brazilian. This is derived mainly it would seem from Dalbergia nigra though it 
appears equally probable that several species of Triptalemwa and Machcsrium contribute to the 
inferior grades imported thence. The wood is valued for cabinet-makin- purposes - <fhe 
approximate London market values are 12-25f. a ton for Rio, and 10-221. for Bahia 

Sahicu {Lysiloma Sabicu).-T;his tree is indigenous to Cuba, and found ^owinc. in the 
Bahamas, where it has probably been introduced. Its wood is exceedingly hard and durable and 
has been much valued for ship-buUding. It has been imported from the Bahamas in uncertain 
quantities for the manufacture of shuttles and bobbins for cotton-mills. The exports thence were 
167 tons in 1878, and 101 tons in 1879. capons inence were 


Sal or Saul {Shorea rotesfa).— This noble tree is found chiefly along the foot of the 
and on the Viudhyan Hills near (^ya, the best being obtained fmm pte w^ 

durable, and *coarse-gramed, with particularly straight an/I even fibre; it dries verj- slw 
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continTun^ to shimk years after other woods are dry. It Is nsed chiefly for floor-heams, planks, 
and roof-trusses, and can be had in lengths of 30-40 ft., and 12-24 in. sq. Its weight is 55-61 lb. a 
cub. ft.; cohesive force, 11,500 lb.; crushing-force, 8500 lb.; breaking-weight, 881 lb. 

Satin-wood. — The satin-wood of the Bahamas is supposed to be the timber of Mdba 
guianensis, an almost unknown tree. The Indian kind is derived from Ghloroxylon Smietenia, a 
native of Ceylon, the Coromandel coast, and other parts of India. The former comes in square 
logs or planks 9-20 in. wide ; the latter, in circular logs 9-30 in. diam. The chief use of satin- 
wood is for making tlie backs of hair- and clothes-brushes, turnery, and veneering. The exports 
from the Bahamas were 5037 pieces in 1878, and 18,783 in 1879, all to England. The approximate 
value of San Domingan is 6-18d. a ft. The Indian tree yields a gum (see p. 1682). 

Sissu or Seesiuu {Dalbergia Sissu). — This tree is met with in many parts of India, being said 
to attain its greatest size at Chanda. Its wood resembles the finest teak, but is tougher and more 
elastic. Being usually crooked, it is unsnited for beams, though much used by Bengal ship- 
builders, and in India generally for joinery and furniture. Its weight is 46J lb. a cub. ft.; 
cohesive force, 12,000 lb. ; breaking-weight, 700 lb. 

Sneezewood or Nies Hout {Pteroxgloa utile). — This most durable S. African timber, the 
oomtata of the natives, is invaluable for railway-sleepers and piles, being almost imperishable. 

Spruce Fir [American Black] (Mies nigra ). — This tree inhabits Canada and the N. States, 
being most abundant in cold-bottomed lands in Lower Canada. It reaches 60-70 and even 100 ft. 
high, but seldom exceeds 24 in. diam. The wood is much used in America for ships’ knees, when 
oak and larch are not obtainable. 

Spruce Fir [American White], Epinette, or Sapinette blanche (4. alba). — This 
white-barked fir is a native of high mountainous tracts in the colder parts of N. America, where 
it grows 40-50 ft. high. The wood is tougher, lighter, less durable, and more liable to twist in 
drying than white deal, but is occasionally imported in plants and deals. It weighs 29 lb. a 
cub. ft. ; cohesive force, 8000 to 10,000 lb. ; strength, 86 ; stiffiaess, 72 ; toughness, 102. 

Spruce Fir [Bed], or Newfoundland Bed Pine (4. rubra). — This species grows in Nova 
Scotia, and about Hudson’s Bay, reaching 70-80 ft. high. It is universally preferred in America 
for ships’ yards, and imported into England for the same purpose. It unites in a higher degree all 
the good qualities of the Black Spruce Fir. 

Stringy-hark (Eucalyptus gigantea). — This tree affords one of the best building woods of 
Australia, being cleaner and straighter-grained than most of the other species of Eucalyptus. It 
is hard, heavy, strong, close-grained, and works up well for planking, beams, joists, and flooring, 
but becomes more difiSoult to work after it dries, and shrinks considerably in drying. The outer 
wood is better than the heart. Its weight is 56 lb. a cub. ft. ; crushing-force, 6700 lb. ; breaking- 
weight, under 500 lb. 

Sycamore or Great Kaple (4ccr pseudo-platanus). — This tree, mis-called “ plane ” in 
N. England, is indigenous to mountainous Germany, and very common in England. It thrives 
well near the sea, is of quick growth, and has a trunk averaging 32 ft. long and 29 in. diam. 
The wood is durable in the dry, but liable to worms ; it is chiefly used for furniture and orna- 
ments. Its weight is 34-42 lb. a cub. ft. ; cohesive force, 5000-10,000 lb. ; strength, 81 ; stiffness, 
59 ; toughness. 111. 

Tamanu (Calophyllum sp .). — This valuable tree of the S. Sea Islands is becoming scarce. It 
sometimes reaches 200 ft. high and 20 ft. diam. Its timber is very useful for ship-building and 
ornan^^ntal purposes, and is like the best Spanish mahogany. It yields an oil (see Dilo, p. 1387), 
and a resin (see Tamanu, p. 1683). 

Tanakaha (Podocarpas asplenifolius). — This is a light-coloured New Zealand wood, close and 
straight in the grain, and running 20-40 ft. long and 10-16 in. sq. 

Teak (Tectona grandis). — This tall, straight, rapidly-growing tree inhabits the dry elevated 
districts of the Malabar and Coromandel coasts of India, as well as Burma, Pegu, Java, and 
Ceylon. Its wood is light, easily worked, strong, and durable ; it is the best for carpentry where 
strength and durability are required, and is considered foremost for ship-building. The Moulmein 
product is much superior to the Malabar, being lighter, more flexible, and freer from knots. The 
Vinuhyan excels that of Pegu in strength, and in beauty for cabinet-making. The Johore is the 
heaviest and strongest, and is well suited for sleepers, beams, and pUes. It is unrivalled for resist- 
ing worms and ants. Its weight is 45-62 lb. a cub. ft. ; cohesive force, 13,000-15,000 lb. ; strength, 
109 ; stiffness, 126 ; toughness, 94. The quantities of teak brought down from British Burma 
were 46,431 tons- in 1876-7, 39,081 in 1877-8, 22,763 in 1878-9, 17,585 in 1879-80. The approxi- 
mate market value is 8-151. a load. (See Tar, p. 1684.) 

Toon, or Chittagong wood (Cedrela Toma). — This tree is a native of Bengal and other 
parts of India, where it is highly esteemed for joinery and furniture, measuring sometimes 4 ft. 

'SiCjs, and somewhat resembling mahogany. Its weight is 35 lb. a cub. ft. ; cohesive force, 
4992 lb. ; breaking-weight, 560 lb. • • 
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Totara (Podocarpve Tetara ). — ^Thia tree is fairly abundant in the N. and S. island of New 
Zealand, reaching 80 ft. high and 2J-3} ft. diam. Its wood is easily worked, straight- and even- 
grained, warps little, and splits very clean and free ; bnt it is brittle, apt to shrink if not well 
seasoned, and snbject to decay in the heart. It is used generally for joinery and honse-budding. 
Its weight is 40 lb. ; breaking-weight, 570 lb. 

Walnut (Juglans regia). — The walnut-tree is a native of Greece, Asia Minor, Persia, along the 
Hindu Kush to the Himalayas, Kashmir, Kumaon, Nepal, and China, and is cultivated in Europe 
up to 55° N. lat., thriving beat in dry, deep, strong loam. It reaches 60 ft. high and 30-40 in. 
diam. The young wood is inferior ; it is in best condition at about 50-60 years. Its scarcity 
excludes it from building application, but its beauty, durability, toughness, and other good qualities 
render it esteemed for cabinet-making and gun-stocks. Its weight is 40-48 lb. a cub. ft. ; co- 
hesive force, 5360-8130 lb. ; strength, 74 ; stifihess, 49 ; toughness. 111 ; all taken on a green 
sample. 

Of the walnut-burrs (or loupes), for which the Caucasus was once famous, 90 per cent, now come 
from Persia. The walnut forests along the Black Sea, which give excellent material for gun- 
stocks, do not produce burrs, which occur only in the drier climates of Georgia, Daghestan, and 
Persia. Italian walnut is worth 4-5id. a ft. Poti exported 35,413 pcods (of 36 lb.) iii 1877-8. 
Trebizonde, in 1879, sent 32 cwt. to Turkey, 2765 to Great Britain, 12,179 to France; total 
value, 29,9561. ; in 1880, 1832 cwt. to Great Britain, and 4137 to France ; total value, 11,9381. 
Samsouu exported 1000 cwt., 20001., in 1880. Ancona exported 131,209 planks, value 37,8951., 
to Great Britain in 1878. (See Nuts, p. 1360 ; Oils, p. 1413.) 

Walnut [Black Virginia] (J. nigra). — This is a large tree ranging from Pennsylvania to 
Florida ; the wood is heavier, stronger, and more durable than European walnut, and is well 
adapted for naval purposes, being free from worm attacks in warm latitudes. It is extensively used 
in America for various purposes, especially cabinet-making. 

Willow (Salix spp .). — The wood of the willow is soft, smooth, and light, and adapted to many 
purposes. It is extensively used for the blades of cricket-bats, for building fast-sading sloops, 
and in bat-making (see pp. 1102-27), and its charcoal is used in gunpowder-making (see p. 882). 

Xellow-wood or Geel Hout (Thrus elongatus). — This is one of the largest trees of the Cape 
Colony, reaching 6 ft. diam. Its wood is extensively used in building, though it warps much in 
seasoning, and will not bear exposure. 

Yew (T. baccata). — This long-lived shrubby tree inhabits Europe, N. America, and Japan, 
being found in most parts of Europe at 1000-4000 ft., and frequently on the Apennines, Alps, and 
Pyrenees, and in Greece, Spain, and Great Britain. The stem is short, but reaches a great 
diameter (up to 20 ft.). The wood is exceedingly durable in flood-gates, and beautiful for cabinet- 
making. Its weight is 41-42 lb. a cub. ft. ; cohesive force, 8000 lb. 

Commerce. — Our imports of wood aud timber in 1880 were as follows : — Hewn Fir : From Norway, 
338,943 loads, 506,142/. ; Russia, 331,012 loads, 630,894/. ; Sweden, 308,702 loads, 527,163/. ; France, 
293,117 loads, 295,805/. ; British N. America, 262,663 loads, 1,012,210/. ; Germany, 225,964 loads, 
520,949/. ; United States, 137,017 loads, 440,262/. ; other countries, 13,191 loads, 13,055/. ; total, 
1,910,609 loads, 3,946,480/. 

Hewn Oak; From Germany, 46,276 loads, 225,234/.; British N. America, 44,888 loads, 
277,945/. ; Russia, 3285 loads, 35,160/. ; United States, 1725 loads, 12,672/. ; France, 1206 loads, 
5554/. ; Austria, 959 loads, 8657/. ; other countries, 160 loads, 1896/. ; total, 98,499 loads, 567,118/. 

Hewn Teak: From Bengal and Burma, 33,211 loads, 401,361/.; other countries, 652 loads 9073/ •' 

total, 33,863 loads, 410,434/. ^ 

Hewn, unenumerated : From British N. America, 65,512 loads, 249,180/. ; Norway, 5576 loads, 
10,108/. ; British Guiana, 4938 loads, 37,289/. ; Sweden, 4675 loads, 8103/. ; other countries 6869 
loads, 23,437/. ; total, 87,570 loads, 328,117/. ’ 

Sawn or Split, Planed or Dressed Fir: From British N. America, 1,158,653 loads, 3,037,481/. ; 
Sweden, 1,066,394 loads, 2,833,692/.; Russia, 966,513 loads, 2,508,514/.; Norway, 366,400 'loads' 
1,002,885/.; United States, 171,049 loads, 622,591/.; Germany, 63,973 loads, 165,876/.- other 
countries, 2860 loads, 4217/. ; total, 3,795,842 loads, 10,075,256/. ' 

Ditto, unenumerated ; Prom Sweden, 138,619 loads, 176,481/. ; Russia, 95,505 loads 145,3<Nf. ; 
Norway, 38,760 loads, 46,626/. ; Holland, 15,866 loads, 75,079/. ; British N. America, 14,367'loai', 
44,504/.; United States, 10,626 loads, 61,618/.; Germany, 5367 loads, 14,270/.; other' countries! 
1797 loads, 6750/. ; total, 320,907 loads, 570,692/. 

Staves : From Norway, 30,283 loads, 75,871/. ; Germany, 21,344 loads, 178,461/. ; Russia, 16,592 
loads, 43,752/.; Sweden, 15,670 loads, 36,476/.; United States, 11,590 loads, 75,040/.; British N. 
America, 6493 loads, 42,041/. ; Austria, 1545 loads, 18,056/. ; other countries, 19 loads 150/ • total" 
103,536 loads, 469,847/. ’ 

Furniture hardwoods and veneers : Mahogany : From Mexico, 24,096 tons, 218,604/. ; BrttS^ — 
Honduras, 6138 tons, 41,310/.; Spanish W. Indies, 5099 tonf, 44,748/.; Central America, 3295 
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tons, 28,384^ ; Hayti and San Domingo, 1290 tons, 13,6132. ; other countries, 1437 tons, 12,2062. ; 
total, 41,349 tons, 358,8652. 

Ditto, nnenumerated : From United States, 11,389 tons, 96,6072. ; British N. America, 4328 
tons, 33,0462. ; British W. Indies, 2898 tons, 22,7342. ; Turkey, 2712 tons, 34,6892. ; France, 2294 
tons, 47,2962. ; Spanish W. Indies, 2288 tons, 19,9292. ; Italy, 1769 tons, 12,0542. ; W. Africa, 1733 
tons, 14,8722.; Germany, 1219 tons, 11,8492. ; Anstralia, 1194 tons, 96522. ; Brazil, 1135 tons, 16,9792.; 
Central America, 1107 tons, 84642. ; other countries. 3780 tons, 36,5432. ; total, 37,846 tons, 364,7142. 

Bibliography. — R. Fowke, ‘ Strengths of British, Colonial, and other Woods ’ (Bond. : 1867) ; 
C. Walker, ‘Rep. on Forest IVIanagement ’ (Bond.; 1873); C. F. Amery, ‘Notes on Forestry’ 
(Bond.: 1875); T. Baslett, ‘Timber and Timber Trees’ (Bond.: 1875); A. E. Dupont and A. 
Bouquet de la Grye, ‘ Bea Bois indigenes et etrangers ’ (Paris : 1875) ; M. M‘Turk, ‘ The Woods of 
British Guiana ’ (1878); A. T. Drummond, ‘ Canadian Timber Trees’ (Montreal: 1879); W. H. 
Ablett, ‘ English Trees and Tree-planting’ (Bond. : 1880) ; J. T. Hurst, ‘ Tredgold’s Carpentry ’ 
(Bond. : 1880) ; A. Des Cars, ‘ Tree-pruning ’ (Boston : 1881) ; H. Sebert, ‘ Bes Bois de la 
Nouvelle Caledonie’ (Paris: n. d.); H. M. Hull, ‘ Tasmania and its Timber,’ and J. E. Calder, 
‘The Forests of Tasmania’ (Proc. R. Col. Inst., Bond. : 1873, 1874). 

VARNTSH (Fb., Vemis; Gee., Fimiss). 

A “varnish” is any substance which, when applied to the surface of an object, leaves on that 
surface a continuous, smooth, impervious coating, whose functions are : — (1) To increase the lustre 
and polish of that surface, and, by obliterating its asperities and filling up its pores, prevent 
its easy soiling, and facilitate washing (e. g. paint, papier-mache, glazing of potteiy, &c.) ; (2) by 
its high refractive power to increase the transparency of surfaces which are by their porosity 
rendered too opaque, and thus to bring into view any “ grain ” or interior structure which it is 
desirable to show up (e. g. oiling, varnishing, or waxing wood, transparent blinds, tracing-paper, 
&c.) ; (3) by its insolubility in water and oils, to protect perishable structures from the effect of 
damp, decay, mould, &c., metals from rust and corrosion by acids, and porous bodies from grease- 
spots ; (4) by hardening the surface of softer objects to save them from abrasion (e. g. varnishing 
deal and otlier soft woods, pasteboard, book-cov.ers, leather, &o.). 

Varnishes group themselves naturally into 5 well-m.arked divisions : — I. Natural lacquers of 
the Indian and Chinese type, produced by several genera of trees of the natural Anncardiacece. 
These are liquid at first, but dry slowly (by oxidation ?) on exposure to the air (see p. 1692). 
II. Drying oils, which indurate or resinify by oxidation in the air, either in their natural state, or 
made more drying by various chemical treatment. HI. Oil-vamishes proper, composed of an 
intimate combination of a drying oil with a fused resin, and hardening by the oxidation of the 
oil. These may either be applied in their undiluted state, or may be .thinned with essential 
oils, or otlier liquid volatile hydrocarbons, to such a consistence as will enable them to be applied 
with a brush. IV. Varnishes composed of a volatile liquid holding in solution resins, or gums, 
or other solid amorphous (non-crystalline) substances, which, on the evaporation of the solvent, 
are left behind as a vitreous coating on the surface varnished. V. Glazes and enamels, applied 
to the work in a solid state, in powder or otherwise, and attached to its surface by raising it 
to a heat sufiicient to melt the glaze, &c.; or formed by the fused surface of the object itself, 
when vitrified at a high temperature by appropriate fluxes (e. g. etching-ground, glazing of porce- 
lain and pottery, salt-glazed stoneware, &c., the last two not coming within the scope of this article, 
but described on pp. 1571-2, 1594-6). 

materials used m Varnish-makikg. — These may be conveniently arranged under 6 separate 
heads, according to the part they play in the finished varnish :— (1) The drying oils. (2) Those 
resins which have sufficient hardness and transparency for the purpose, and whose melting-point is 
high enough to prevent their becoming softened and sticky in summer, in heated rooms, or by the 
heat of the hand. (3) “ Colloid ” bodies soluble in water, such as albumen, gum arable, dextrine, 
gelatine, &c. (4) “ Solvents,” i. e. volatile liquids used to dissolve resins or gums, or to dilute 
oil-varnishes, but which evaporate entirely during the drying of the varnish, thus contributing 
nothing to the thickness of the coating. (5) “ Tougheners,” or substances added to varnishes, of 
Ctosa IV., to make them more flexible, and less liable to crack, or be scratched. (6) “ Driers,” 
which, by giving up oxygen, or by acting as “ carriers ” of atmospheric oxygen, hasten the 
hardening of the drying oils. (7) Soluble transparent colouring matters, resinous or otherwise, 
used in lacquers and changing-varnishes. 

Drying-oils . — The principal oils in use at the present day for paints and varnishes are those of 
the poppy, walnut, hemp-seed, and linseed. 

Poppy-oil (p. 1409). — Tlie chief use of this oil in England seems to be for the grinding of the 
fine colours used by artists in picture-painting. Being generally considered (and probably 
^ cjir reetlv so) a much slower drier than either linseed- or walnut-oil (commonly called “ nut-oil ”), 
it i^seldom if ever used in vamish-giaking. ^ 
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Walant-oil or Nut-oil (p. 1413).— With regard to the drying powers of this oil, sotop authorities 
place it above linseed-oU, and others below it, whilst moat of the older writers considered it as 
vray little, if at all, inferior. We are inclined, firom all accounts, to agree with the last-mentioned 
opinion, although almost all that comes into the English market is far inferior to linseed-oil. The 
cause may be that the palest oil has been chosen in the Continental market as the best as well as 
the dearest, but in ignorance of the fact that the best salad oils are generally the worst driers. 

Hempseed-oil (p. 1391). — This is generally supposed to be about equal to linseed- and walnut- 
oils in drying quality. It is said to make a very bad-smelling and deep-coloured boiled oil; but 
seems, from all accounis, to be much used in E. and N. Europe for paints and varnishes, though 
very little, if at all, in England. 

liinseed-oU (p. 1393). — This oil, which from its high drying property, its cheapness, its steady 
supply, and its great constancy of quality (when free from any adulteration with non-drying oils), 
is universally employed in W. Europe for oil-vamishes, and boiled oil for painting, japanning, floor- 
cloth, and all other purposes where a strongly-drying oil is required ; it is also the one prescribed 
in the oldest of all known recipes for varnish and for oil-painting. 

•All oil to be used in oil-vamishes or for boiled oU should be chosen as new, sweet, and free 
from rancidity as possible, and should be at once clarified and allowed to settle for a few months 
before being used, so as to deposit impurities, “• mucosities,” and the substances (if any) used in 
clarifying it, and, when clear, should be decanted from the dregs, and stored for use in slate or 
galvanized-iron tanks. 

Many methods have been used for the clarification of oils (see p. 1459), to rid them of the 
gummy and mucous matters, water, saline substances, &c., derived from the seed during expression, 
and which, besides making the oil turbid, induce a kind of rancid fermentation, and much 
impair the keeping quality of the oil, and hinder its drying. The simplest of all these processes 
consists in heating the oQ slowly up to 300° (572° F.) either alone or with the addition of 1-5 parts 
in 1000 of either caustic lime, carbonate of lime, calcined magnesia, or carbonate of magnesia, and 
keeping it at that temperature for one or two hours, and then allowing it to cool uncovered and 
unisturbed. The oil should then be transferred to a settling-tank to deposit and clarify. 

When thus freed from the impurities arising from the seed, the oil will not so easily get rancid, 
and will improve by keeping, becoming more pale, limpid, transparent, and drying, in proportion 
to its age. All oils prescribed in the recipes for oil-varnishes in the course of this article will be 
supposed to have been clarified by this or some other process. 

Sesins . — In addition to what has been said under this head (pp. 1621-95), the following may 
be enumerated with especial reference to their use in varnishes. 

Oil-vamish Eesins. — (1) Amber (p. 1628) is the hardest and most difficult to fuse, but gives the 
most durable and resisting oil-vamish, of dark colour unfortunately. (2) The true copals (p. 1640) 
make the finest of all the oil-varnishes, nearly as hard and durable as amber-varnish, and much 
paler in colour and more quick-drying. (3) The pseudo-copals,— kauri (p. 1666), and hard and 
soft Manilla (p. 1678), give varnish inferior to the true copals, but more easily made. (4) Sandarach 
(p. 1681), is almost unknown as an oil-varnish resin at the present day, its use being entirely 
confined to spirit-varnishes; it is, however, equal to most of the true copals for varnish-making in 
point of hardness and general qualities, excepting colour. (5) The resins of the conifers, constituting 
the “ rosin ” of commerce (p. 1680), make poor weak varnishes, only fit for the commonest purposes. 

All the above oU-varnish resins, with the exception of group 5, are quite insoluble in linseed- 
oil, turps, and other essential oils, benzol and its homologues, petroleum, chloroform, &c., until 
they have undergone destructive fusion at nearly red-heat, after which they dissolve freely in all. 

Essence-varnish resins. — (1) All the copals, amber, sandarach, and the pseudo-co^s, after 
fusion. (2) All the dammars (p. 1644), without previous fusion. (3) Mastic and other resins 
from species of Pistacia (pp. 1673, 1687). (4) Coniferous resins and turpentines. (5) The resins 
of copaiba and gurjun balsams (pp. 1639, 1651). These resins are soluble in essential oils and 
other hydrocarbons, and in ether, chloroform, &c., forming Classes A and B of Div. IV., called 
oleo-resinous or essential-oil varnishes, and ether varnishes. 

Spirit-varnish resins. — (1) Lao (p. 1668), which stands at the head of vamish-making resins, 
having no rival amongst them for hardness and toughness. (2) Certain true copals from Africa 
are entirely soluble in strong alcohol (methylated spirit). (3) Soft Manilla copal (so called). 
(4) Sandarach. which has for several hundred years been the stock resin for pale spirit-varnishes, 
being the only pale dry resin then known soluble in spirit. (5) The turpentines, rosins, and 
naturally-dried turpentines (“thus”) of nearly all the pines, firs, and larches. (6) The Pistacia 
resins. 

Many of the copals and other resins, wliich are not entirely soluble in strong alcohol, dissolve 
completely in a mixture of methylated spirit with some simple hydrocarbon, e. g. benzol, toluol, 
turps, lavender-oil, &c., or with ehloroform, acetic ether, or acetone, making excellent vamishes^^- 

To the abo\e resins, may be added a few others, which qre only chosen for their colour in 
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lacquers and “changing-varnishes,” or to give a more pleasant odour to furniture and fancy 
varnishes. They are : — 

Gamboge (pp. 1551, 1650-1), a bright-yellow gum-resin, yielding its colour to alcohol, turps, 
ether, benzol, &c., gives the brightest of all yellows for pale brass lacquers. 

Dragon’s-blood (p. 1618), yields a rich orange-red coloured resin to alcohol, ether, chloroform, 
and benzol, but not to turps nor petroleum. 

Gum Aearoides and Black-boy gum (p. 1693) in solution vary in colour from brownish-yellow 
to brownish-red. They are insoluble in chloroform, benzol, turps, and petroleum. They furnish 
resins hard enough to be used alone as spirit lacquers, for deep brass or bronze. 

Aloes (p. 791-3). The inspissated juice of various species of Aloe was much used in the 
17th and previous centuries, for colouring oil-lacquers and changing-varnishes, used over tinfoil 
to imitate gilding in decoration, and is still used in pale brass spirit-lacquers. 

Benzoin (p, 1637). That which is of the greyest colour, and containing most and largest white 
tears, will usually give the palest solution in spirit. It is sometimes used alone as a last coat or 
“ finish ” to French-polish and other spirit-vamishes, to give scent and brilliancy. It is soluble 
in all the solvents commonly used, excepting benzol and petroleum, which only dissolve a portion 
of it. 

Asphaltum is of such very important use in all black oil-varnishes and japans, as also in 
etching-grounds and some black essence-varnishes, and is so liable to adulteration, that great care 
is requisite in choosing it of good quality. It should be entirely (excepting perhaps 4-5 per cent, 
of earthy impurities) soluble in chloroform, toluol and its higher homologues, rosin-spirit, and turps, 
and quite insoluble in alcohol, and in a mixture of equal parts of alcohol and chloroform. It should 
break with a conchoidal fracture and brilliant resinous lustre ; the rubbed surfaces and angles are 
usually covered with a bright-brown powder. It should not flow like wood-pitch when laid by for 
some time on a horizontal surface, and an angular fragment or thin chip should retain its shape 
and the sharpness of its angles in boiling water, and only begin to flow at a temperature of 
150°-200° (300°-400° F.). When adulterated with coal-pitch, it is much less brilliant on the 
surface of fracture, which then has a lustre rather adamantine or sub-metallic than resinous, and 
when fused, has a granular, pasty appearance and feel, instead of being smooth and homogeneous, 
and will not draw out into even and transparent brown threads like pure asphaltum. This is the 
most important adulteration, a snialt percentage of coal-pitch spoiling it utterly for varnish-making, 
or etching-grounds. (See Asphalt, p. 341.) 

Gums, ^-c., used in u-ater-mmishes and glazes. — (1) Gelatine (pp. 522-4, 620-2). That used 
for glazing paper and fancy articles of cardboard, light wood, &c., should be of the best quality, 
particularly in damp climates. It should especially be free from saline impurities, and overboiled 
poitions, which make it liable to get damp and sticky in wet weather, besides diminishing its 
lustre. Parchment-size (p. 622) is one of the best. Of commercial glues and gelatines, those 
should be chosen which give the stitfest jelly with the same proportion of water. 

(2) Gluten of cereals, especially wheat (see pp. 622-3, 1821-9), after washing away the 
starch, has been used as a varnish when dissolved in weak alcohol, in which a considerable portion 
is said to be soluble. 

(3) Albumen, Oaseine, Legumine, &c. — The first two are regularly manufactured as articles 
of commerce (see pp. 191-2, 1304). Egg-albumen is the cleanest and palest, but requires 
long-continued “ whipping ” to thoroughly break down its organized structure, before its 
glairy sharacter is removed, and the albumen is fit for varnishes. Blood albumen is now 
manufactured of such excellent quality as to supersede that from eggs wherever large quantities 
are wanted. 

Caseine is also made on a commercial scale, and seems to be used in some of the foreign boot 
and leather varnishes. Legumine, which might easily be obtained in large quantities from any 
cheap beans, tares, or other leguminous seeds, has never been used to any important extent in 
water-varnishes. 

(4) Gum arable and the allied acacia gums (p. 1630) are not so much used pure in glazes and 
varnishes as gelatine, but enter into and give gloss to many liquid preparations, such as blacking, 
ink, iSpot-glosses and varnishes, kid-revivers, &c., and form the vehicle or cementing material 
for artists’ water-colours. 

' 5. Lac, dissolved in water by means of borax or alkaline carbonates, also makes a good water- 
vamish, and the solution forms the principal ingredient in many of the best boot- and leather- 
varnishes, and in waterproof inks. 

Volatile solvents. — Turps (essential oil or spirit of turpentine,* pp. 1431, 1686) is the volatile 

* Tlie word “*t nrpentine ” has been of late years very generally but most erroneously used to signify the essential oU 
or spirit of turpentine, as well as the turpentine itself. It will never be so used in this article, but will be strictly 
t^jft^'^to its real meaning, i.e. the natural oleo-resin, as produced by the variotw coniferous trees, and Pistol 
terebiMus. The spirit of turpentioe will be designated by the word “ turps ”, which is in general use, has only one 
meaning, and has the ^vantage of brevity. • • 
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'oil, obtained by distOlalioa fitom ibe turpentines of tbe coniferous trees, of which it cohstitntea 10-35 
per cent. It is at the present day found very pure in commerce, being at a low price ; but when 
the price becomes high, adulteration with petroleum and rosin-spirit is much practised. 

Turps is the most important solvent used in varnishes of the third and fourth divisions, and 
every care should be taken to choose it of the best quality, i. e. free from adulteration, and new, or 
freshly-distilled. Old turps should never be used, especially if it shows the least thickening or 
“ fatness,” for although such “ fat ” turps unquestionably helps oil-vamishes to dry quickly (owing 
to the oxygen it has absorbed from the air, and holds in very loose combination), and is therefore, and 
for the brilliancy it gives them, sometimes preferred by varnish-makers of the old school, yet it 
only does so at great cost of hardness and durability. 

Turps is also the solvent chiefly used in varnishes belonging to Class A of the fourth division, 
and here it is especially desirable that it should be new, or the varnish may remain for days before 
it is dry enough to be touched with safety, catching dust all the time. 

Petroleum, Benzoline, Benzine-spirit, GazoKne, &c. (pp. 1433, 1509). The different substances 
composing the liquid called “ naphtha,” vary in composition (and in sp. gr. and boiling-point) from 
marsh-gas, the first of the series (CH,) up to the solid paratfins. The oils boiling below 180° 
(356° F.) may as solvents be conveniently divided into four portions ; — (1) Tliose boiling below 70° 
(158° F.), (2) between 70° and 100° (158°-212° F.), (3) between 100° and 130° (212°-266° F.), and 
(4) between 130° and 160° (266°— 320° F.). No. 1 may be sometimes used with advantage to 
replace ether and benzol economically, in varnishes belonging to Class B of Div. IV. intended to 
dry instantly ; No. 2 may replace in Classes B, C, and D, of Div. IV., alcohol in some cases, and 
benzol and toluol in others ; No. 3 evaporates much more quickly than turps, though not so quickly 
as alcohol, aud may therefore be used where an essence-varnish is required to dry rather quickly, 
or to increase the solvent power of alcohol ; and No. 4 is in many cases in Class D of Div. IV. 
an important substitute for turps, when it is particularly desirable to prepare an oil- or essence- 
varnish absolutely free from contamination by the resins always contained in turps, or which are 
sure to be formed in it, after it (or any varnish containing it) has been kept a few weeks. 

The petroleum-oils, though rather inferior to turps in solvent power for some resins, have over 
it an immense advantage, in their very great stability, and resistance to the action of oxygen. 
They keep good for years, even in the light, without ever “ fattening,” and may be distilled over 
and over again to dryness without leaving any appreciable residue in the retort. 

Shale-oils (pp. 1433, 1510).— These differ from petroleum, inter alia, in containing amongst 
their lighter oils bodies belonging to the ethylene series, whose general formula is C„ Hj, . In 
general characters and solvent powers, they would seem to be almost identical with petroleum. 

Eosin-spirit (p. 1681) is the lighter portion of the oils (“ rosin-oil ”) produced by the destructive 
distillation of common rosin at nearly a red heat. Eosin-spirit begins to boil at about 110° 
(230° F.), but rapidly rises to 130° (266° F.), between which point and 240° (464° F.), the greater 
part distils over. It has no fixed boiling-point, being a mixture of hydrocarbons even more 
complex than coal-naphtha or petroleum. Its odour, which in the crude product is like 
wood-tar, but far stronger, vbecomes much milder and less disagreeable after refining. It 
is an excellent solvent, much resembling turps, than which, after refining, it is much less 
oxidizable. 

It was known and in common use in Italy in the 17th and probably the 16th century, under the 
name of aqua di rasa or di raggia, and was used for thinning varnishes. 

Coal-naphtha (pp. 644-5) consists of hydrocarbons, whose general type-formula is C,^H 2 „_ 6 . 
The lowest term of the series, CjHj (benzol), boUing when pure at about 82° (149° F.), is of very 
important use as a solvent for various purposes, and of more limited use in certain varnishes 
required to dry instantly. 

The next 3 members— toluol (p. 648), xylol (p. 648), and cumol, which last boils at 166° 
(363° F.), are very useful solvents for some of the varnishes of Div. IV., which are required to dry 
hard in less time than those made with turps. 

Alcohols (pp. 192-214).— Vinie or ethyl alcohol (CjH^O), in the form of “methylated spirit,” 
is now the chief menstruum used for all spirit-varnishes (Div. IV., Class B) and mixed-vehicle 
varnishes (Div. IV., Class C). The pure (“clean”) spirit, in spite of the very heavy duty^aid 
upon it, is sometimes used in special cases, where a varnish is required to leave no smell whatever 
behind, as the methylated spirit always leaves a faint smell, which lasts for weeks and is ve^ 
perceptible where the varnished surface is extensive, or enclosed. Tlie methylated spirit of com- 
merce is very pure, and generally strong enough for the commoner spirit-varnishes containing only 
lac, sandarach, and the pine-resins ; but for those containing the copals, kauri, &o., it should be 
rendered as nearly absolute as possible. The best method of doing this is to shake it pp with about 
one-tenth of its weight of salt of tartar (carbonate of potash) which has been dried at a very low 
red heat, then letting it lie in contact with the salt for a few days. If the salt of tarta^Ar-j 
not remain quite dry and powdery in the spirit, the proces* must be repeated with fresh salt of 
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tartar, nntil itrceases to absorb any more water. The spirit may then be used as it is, or distilled 
to remove any small impurity it may have taken np from the carbonate of potash. 

No spirit should ever be used in Class O, Div. IV., which has not been thus dried. Bottles or 
tins containing “ dried ” alcohol should be kept very tightly closed, or the spirit wUl rapidly weaken 
by absorbing water from the atmosphere ; and the same may be said of aU spirit-, or mixed-vehicle- 
vamishes. 

Methyl-alcohol, pyroxylin spirit, or wood-spirit (CH,0), exists in large quantity in rectified 
“ wood-spirit ” in mixture with various other bodies, such as aldehyde, acetate of methyl, &e., and 
especially acetone (p. 39), a body which rather assists than otherwise the solvent power of the 
methyl-alcohol. Its boiling-point is lower, about 66° (150° F.), instead of 78° '4 (173° F.) and its 
solvent capabilities are quite equal if not superior to those of common alcohol, especially when it 
contains acetone (as is usually the case in the commercial article), by which also its volatility is 
somewhat increased. Its use is now almost confined to mixing with ordinary alcohol to make it 
unfit for drinking. 

Propyl-alcohol (C3H3O) is at present too dear for use in varnishes, otherwise it would have 
certain advantages over common alcohol, in its greater solvent power, its higher boiling-point, 96° 
(205° F.) and consequent slower drying enabling it to be more easily laid on with the brush. It 
is also less liable to “chill” in a damp atmosphere whUst being laid on. Ether, carbon bisulphide 
(p. 601), acetone (p. 39), chloroform, and acetic ether (p. 39), have limited use as varnish-solvents 
for a few exceptional purposes, especially when the varnish has to be “ floated ” on to the work, as 
in most photographic varnishes. They have very great solvent powers over resins, but the great 
volatility and inflammability of the first two render their use and storage very dangerous. 

Besides the before-mentioned simple solvents, a considerable number of mixed or compound 
solvents prepared from two or more of them (one being common alcohol), are used in the preparation 
of varnishes with resins which are not completely soluble in any simple solvent. 

Totigheners . — These should, if possible, be of the same nature as the solid constituents of the 
varnishes they are intended to render more flexible, so that, on the evaporation of the solvent, they 
may make a homogeneous mixture with the solid residue, without any tendency to separate, which 
would render the varnish cloudy or opaque when dry. For water-varnishes, may be used clarified 
honey or other uncrystallizable sugar, “ over-boiled ” glue (which will not gelatinize on cooling), and 
especially glycerine, which, being by far the most deliquescent, should be very sparingly used, or the 
glazes toughened with it will certainly get sticky in damp weather. In spirit- varnishes, a great 
many substances are used in the trade, which though very effective for a short time after the varnish is 
applied, are certain to lose their flexibility after a time, — such are the turpentines, and other oleo- 
resins, of which the most generally used is Venice turpentine, the slowest drier of them all, but stUl 
leaving the varnish brittle after a year or so, or even in a few months in a warm climate. Far 
superior to Venice turpentine, but rather dearer, is copaiba balsam (p. 1639), which, by reason of 
the large percentage (50-60), and high boiling-point, about 250° (482° F.), of its volatile oil, 
retains its characters for a much longer period. The best of all substances, however, for toughening 
spirit-varnishes is castor-oil (p. 1380), which, being colourless, never drying, and being very soluble 
in alcohol, would be universally used, were it not for a tendency which it is supposed by the trade 
(erroneously we think) to have, of separating from the dried varnish and rising to the surface as a 
greasy film. Linseed- and poppy-oils (pp. 1393, 1409), are also sometimes used in spirit-varnishes, 
and those made with mixed solvents, in which these oils are more soluble. Manilla elemi (p. 1649) 
is also T^ed, but soon loses its virtues after the drying of the varnish. Its resin, however, is 
very hard and tough, and has, like benzoin, the property of giving great lustre to varnish. 

Essential-oil-vamishes (Class A, Div. IV.) are often brittle, and require toughening. This is 
usually done by the addition of a small quantity of a drying oil, which, if it exceed 20 per cent, of 
the resin dissolved, should be previously boiled with driers. Camphor (pp. 571-8) is also used, 
for though a dry solid, it has the property of making varnishes flexible and tough. It is, however, 
supposed to have the fault of evaporating out of the varnish in time, leaving it porous and without 
lustre. It ought never to exceed 7-8 per cent, of the resin. 

Driers. — These are substances added to, or boiled with, the drying oils, to increase their power 
of aDsbtbing the oxygen of the air, and therefore make them dry much more quickly. The 
only ones whose reputation has survived to the present day, are the oxides and other compounds 
of lead anrf manganese. 

The principal function exercised by a “ drier ” is that of acting as a “ carrier ” of the atmo- 
spheric oxygen to the molecules of oil in its immediate neighbourhood, and this action should 
be, BO to speak, regenerative and continuous ; each molecule of the drier, after giving up some of 
the oxygen it contains, and thus becoming reduced to a lower degree of oxygenation, should have 
the power of immediately retaking the lost oxygen on exposure to the air, and re-forming the 
hl^i-iwxide, ready to give up a fresh quantity of oxygen to the air, and so ad infinitum. Manganese 
oxide possesses this power in a very Hgh degree, the hydrated monoxide, which, at the moment of 
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fis predpitation, is perfecQ; white, changes colonr in a few minutes on exposure to the air, 
rapidly becoming brown. It is in this state that it acts most powerfully as a drier, and, when nsed 
in quantities of less than 1 per cent., makes a very pale drying oil. Lead oxide, in quantities 
exceeding 5 parts in 1000, gives a very dark colour to oils when heated with them to a high 
temperature, as in the oommon “ boUed oil.” 

Mantfactube. — T he composition of the different kinds of varnish may now be considered. 
Their classification is as follows : — 

Div. L — Natural varnishes, of the Chinese, Japanese, and Indian types, containing no fixed 
&tty oils nor any volatile ingredients, but drying by oxidation at ordinary temperatures, and 
without any preparation by heat, driers, or otherwise (see p. 1692). 

Div. II. — Fatty drying oils, which harden and resinify by oxidation in the air : — 

Class A. — Fat oils drying at ordinary temperatures. 

Section a, in their natural state. 

„ which have had their natural affinity for oxygen increased by chemical or 
other means, but without heat. 

,, 7 , boiled oils, which have been rendered more drying by heating, either with or 

without chemicals. 

Class B. — Drying oils, dried in a heated atmosphere (stoved), japans and enamels, oiled 
silk, &c. 

Section a, raw oils, alone or coloured only with pigments. 

„ 0, boiled oils, alone or with pigments. 

„ 7 , oils combined with resins, amber, and asphaltum, and oil-varnishes of Div. III. 

Class C.— Fat oils hardened by snlphuration at high temperatures (“vulcanized oils”). 

Div. III.— Oil-varnishes proper.— Varnishes containing as fixed residue a drying fat oil com- 
bined with resin, either with or without a volatile solvent or diluent, and in which the quantity of 
oil is greater than — or at least equal to — that of the resin. 

Class A. — Oil-varnishes of the ancient type, containing no volatile diluent 

Class B.— Oil- varnishes of the modem type, thinned with a volatile solvent, but not drying 
hard on the evaporation of this solvent until the drying oil in the fixed 
residue has become oxidized in the air. 

Section a, in whieh the oil and the resin have been boiled together at a high temperatnre. 

„ 0, in which the mixture of oil and resin has been effected by solution or melting 

together at a low temperature. 

Class C. — Black varnishes, and black japan drying at ordinary temperatures. 

Div. IV. — Varnishes consisting chiefly of a resin, gum, or other solid substance, dissolved in a 
volatile liquid, and drying quite hard on the evaporation of the solvent. 

Class A. — Dissolved in hydrocarbons, alcohols, &o., boiling above 100° (212° F.) “ essence ” 

“essential-oil,” or “ oleo-resinons ” varnishes. 

Section a, toughened with a drying oil, in less quantity than the contained resin. 

„ 0, contaiAig no fat oil. 

Class B.— Dissolved in hydrocarbons, alcohols, ethers, &c., boiling below 100° (212° F.). 

Section a, spirit-varnishes made with methyl-, ethyl-, or propyl-alcohols. 

„ 0, varnishes made with acetone, ethers, chloroform, &c. 

„ 7 , varnishes having as solvent a hydrocarbon such as benzol, petroleum, &c. 

Class C.— Varnishes in which the solvent is a mixture of alcohols, ethers, &c., with- various 
hydrocarbons (“ mixed-solvent ” varnishes). 

Class D. — Water- varnishes. 

Div. V. — ^Varnishes applied by heat or friction. 

Class A. — Etching-ground. 

Class B. — ^Heel-balls, furniture-creams, &c. 

Div. I. — ^Natural Varnishes. 

These and the trees producing them have already been described at p. 1692. Of these and of 
the methods of applying them employed amongst the natives of the countries (E. Asia) pricing 
them, but Uttle is known, beyond that, instead of exposing the varnished goods to warm and dry 
air, which is invariably required with the artificial varnishes and the drying oils, they are kept for 
several weeks in cool dark cellars, the atmosphere of which is made damp,°by moao., of wet cloths 
hung on lines, if necessary, as though to retard the drying as much as possible. 

Div. II.— Fat oils drying by oxidation. , 

Class A..— Drying at ordinary temperatures.— ’SorAion a— In very hot and dry climates the 
drying oils will, sometimes in the course of a few days, form a regular varnish when appUSSTn 
very thin laydfe ; such varnish, however, seems never to dry tEoroughly hard, but retains a lathery 
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consistence more resembling indiambber. This, in some cases, is a positive advantage, especially 
where the work to be protected is liable to much alternate contraction and expansion, e. g. boats, 
ont-of-door woodwork, tarpaulins, &c. This result is obtained in colder climates by the use of the 
oils of the two following sections. 

Section /5. — Eaw drying oUs have, from a very early period, possibly before the 10th century, 
had their drying powers increased by a great variety of methods, all of which resolve themselves 
in principle into two only, viz. : 1st, exposure in extended surfaces to the air and sunlight ; and 
2nd, combination with lead in some form or other. 

Sometimes both these principles are Combined, e. g. exposing to air and sunbght in shallow 
leaden vessels, or on the roof of a house in white glass bottles containing plates or shavings of lead, 
&c. The oils thus produced, though often nearly colourless and tolerably good driers, have no 
commercial application, and are almost entirely disused, except perhaps by a few painters of pictures. 
Recipes for their preparation will be found in abundance in old works on painting materials. 

Section 7. — “ Boiled Oils.” The various processes formerly in use for preparing “ boiled oil,” 
and which will be found scattered through the older works on painting and vamish-making, are 
nearly all dependent on the singular power of salts of lead in causing the rapid oxidation, on 
exposure to the air, of the drying oils in which they are dissolved. Manganese oxide in the form 
of umber (a manganese ochre) was also sometimes used. 

The action of lead is due partly to a simUar power of easy transition between two different 
degrees of oxidation, aided perhaps by its greater solubility in the oil, but it evidently also 
exerts some other influence not at all understood, and seems, even when present only in very 
small quantities, to accelerate immensely the “ carrying ” power of oxide of manganese when used 
in conjunction with it. Lead oxide (or lead salts), used alone, is quite sufficient to raise linseed-oil 
to the highest possible degree of drying power, but it unfortunately at the same time gives it a very 
deep reddish-brown colour. 

In boiling oil according to the old method, the action of the air is confined to the surface of 
the oil in the copper, and no provision is made for the renewal of that surface (so as to bring fresh 
portions of the oil into contact with oxygen) beyond an occasional stimng up of the litharge settled 
at the bottom, and the circulation kept up by the heating of the oil. In the modem process, air is 
forced, in as rapid a stream and as finely divided a state as possible, through the mixture of hot 
oil and driers, and brought into the most intimate contact with it by powerful mechanical 
agitation ; the time of boiling is thus reduced to one-third, and the oil is less coloured. By the 
introduction of mixed driers of lead and manganese, — the reduction of the quantity of lead oxide 
from 10 per cent, to less than 1 per cent., — and the lowering of the temperature from the 
melting-point of lead to the boiling-point of water, a “ boiled oil ” can now be produced equal in 
drying power to the old-fashioned lead-oil, and scarcely deeper in colour than the original raw oil. 

Apparatus required. — For boiling oil according to the old method, all that is required on the 
large scale, is a tight-made copper boiler with a tight-fitting lid, and set in brick-work, with a 
inmace, &c., connected with a tall and wide chimney. This copper differs little, except in size, 
from an ordinary wash-house copper, but should be provided with^ hood connected with the 
chimney, to carry off the suffocating vapours given off by the oxidizing oil. Its construction and 
use, with an excellent description of the old method of boiling oil, will be found in a paper on 
varnish-making, published in the ‘ Transactions’ of the Society of Arts, vol. xlix., by Wilson 
Neil, to which the reader is referred. 

For boiling oil according to the modern methods, a very different, and far more complicated, as 
well as^uch larger, apparatus is required, consisting of a copper or enamelled iron boiler of 
100-200 gal. capacity, furnished with a revolving fan stirrer (with interlocked blades revolving in 
opposite directions), and capable of being raised to a temperature of 120° (248° F.) by a steam- 
jacket or a coil of pipe. It must also be connected with a powerful force-pump, by which a stream 
of air is forced through a ring of pipe at the bottom of the boiler below the fans, pierced with very 
small holes. Thus minutely divided by the holes in the pipe and the action of the stirrer, the air 
is most intimately mixed up with the oil, which is frothed up to nearly twice its proper bulk. The 
apparatus is also furnished with a dome, carrying a large exhaust-pipe leading to a taU chimney- 
shaft, qr, better stiU, to the ash-pit of any furnace with a good draught. 

Into this vessel, the oil is introduced, in quantity equal to half its capacity, and when it has 
attained a heat of 100°-120° (212°-248° F.), the stirrer is put into action, the driers (gronnd in oil 
■ to the utmost possible fineness) are poured in little by little, and when thoroughly mixed with the 
oil, the air is turned on, the heat and the stream of air being kept up for 3 or 4 hours, or 
until the oil, by the appearance of samples taken from time to time, is found to be sufficiently 
“ boiled.” ^ 

For lead-dried oil, and where colour is no objection, the apparatus described under the head 
‘t.4inoleum ” (p. 1003) may be used. 

Jt^pes.— Almost any of the sal^ and oxides of lead and manganese may peijiaps be used 
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as driers, but those now almost uniTersal, are the acetate, the protoxide (litheyge, massicot, 
&o.), red-lead or minium (a combination of protoxide and binoxide of lead), and the carbonate 
or “ white-lead ” ; sulphate, acetate, borate, benzoate, and other salts of manganese, as also its 
protoxide (freshly precipitated) and peroxide, or any of the intermediate oxides, and their corre- 
sponding hydrates. The quantity added may vary from 1 to 20 parts of the two metallic salts to 
1000 of clarified oil ; or if a lead-dried oil is wanted, from 1 to 10 per cent, of any of the above- 
mentioned compounds of lead, according to whether the oil is required to be merely a drying oU, or 
to assist the drying of other oils to which it is added. 

The following examples will serve as illustrations (aU the oil used is supposed to have been 
clarified, as described at p. 2024) : — 


Old process. 


Order 1 . — Lead Oils. 


a. Linseed- or nut-oil 1 gal. 

Litharge 1 lb. 


Oil raised quickly to about 280° (536° F.), 
the drier added little by httle, and the heat 
raised to 300° (572° F.) and kept so for 6-12 
hours, according to drying power required. 


5. Linseed- or nut-oil 1 gal. 

Litharge J lb. 

Sugar of lead J „ 

Treated as above. 


The above, after having sufficiently boiled, are to be closely covered, allowed to slowly cool 
undisturbed for about 12 hours, most carefully poured or ladled off the dregs, and then laid by to 
settle for a few months, or indeed as long as conveniently possible. 


Modem process. 


The process described under the head Linoleum may be employed with advantage— doubling 
the amount of driers, and stopping the air-blowing before the oil begins to thicken ; and if a pale oil 
is desired, lowering the temperature to 150° (302° F.) and using a copper, or enamelled-iron boiler. 
Order 2 . — Manganese Oils. 

Old process. 


a. Linseed-oil 1 gal. 

Potas^nm permanganate . . 100 gr. 

The oil is heated to about 300° (572° F.), 
and the permanganate of potash, previously 
grmmd very fine in some of the oil, is added 
little by little. The oil will froth up at each 
addition, and the drier will then dissolve 
quietly. The heat should be kept up for 2 or 
3 hours with frequent agitation. 

The boiler should be of enamelled iron. 


b. Linseed-oil 1 gaL 

Pure hydrated protoxide ofl , 

manganese / ^ 

Grind the freshly-precipitated protoxide of 
manganese with some of the oil, add the mix- 
ture to the remaining oil at 300° (572° F.), and 
keep it at that temperature till a sample begins 
to thicken when cold ; it may then be restored 
to proper thinness by the addition of a little 
raw oil, and set by to deposit sediment. 


Modem process. 

The above formulae may be used for oils treated in the modem way, as already described 
at a low temperature, and with powerful agitation, with a stream of air blowing through the mass. 
Order 3 . — Manganese and Lead Oils. 


Old process. 


a. Linseed-oil 1 gal. 

Umber 5 oz. 

Gold litharge 5 „ 

Bed-lead 5 „ 

Simmer together for 6 hours. 

5. Linseed-oil 10 gal. 

Permanganate of potash .. .. 4 oz. 

Acetate of lead 4 „ 

The permanganate and the sugar of lead 
are each dissolved separately in 4 pints of 
water, then the two solutions are mixed 


together and added to the oil, cold, and with 
strong stirring. The oil is then heated 
gently until the water is boiled off, and then 
to about 300° (572° F.) until it begins to 
thicken a little (tried by cooling a drop on a 
piece of glass). 

c. Linseed-oil 1 gal. 

Borate of manganese .. .. 1 qjs. 

Acetate of lead *1 

d. Linseed-oil i 

Manganese protoxide-hydrate 1 oz. 

Red-lead or litharge , , , , J 


New process. 


The same driers as above, in the formnlm b, e, and d, but treated, at a temperatilre of between 
100° and 120° (2!2°-248° F.), with a strong stream of air blown through the oil, and powerful 
mechanical ^tation, for about 4 hours, or until the oil shows signs of thickening when »i^^n 
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glass. If wanted for “ drier ” to paints or other oils, the action may be carried on until the oil is 
nearly solid when cold, the doses of driers being also much increased. In this case, the thickened 
oil should be thinned with an equal bulk of turps. Processes 5 and d give very quick-drying oil. 

Many other substances have been tried as driers for boiled oils, such as barium peroxide, mercuric 
oxide (red precipitate), chromic acid, lead chromate, and others, but without any satisfactory results. 

Class B. — Stoved Japans and Enamels. — In this class, the oxidation of the oil is effected at a 
high temperature, varying from 50° (122° P.) to 150° (302° F.), and even higher where the goods to 
be japanned will resist the heat. The temperature must also be regulated according to the pale- 
ness or delicacy of the colours, a high temperature giving a brown colour to the oil or varnish used, 
for white, bright blue, pink, &o., having to be kept as low as 65° (149° F.), wliereas for dark or 
dull colours, and brown and black, the heat may be as high as 150° (302° F.) for soldered tinware, 
or even much higher for iron or other goods that will stand it. The time of stoving will be, cateris 
paribus, in inverse ratio to the temperature ; thus delicate colours at 70° will take 24-48 hours’ 
stoving, whilst coarser or darker colours at 100° or 150° will be quite hard in 6-12 hours. 

The time will, moreover, vary according to the degree of flexibility and elasticity it is considered 
desirable that the japan should retain. Where great elasticity is required, as in japanned leather, 
and oiled silk, and in the tinplate intended to be stamped or blocked after being japanned (where 
the utmost degree of toughness is required), the temperature should be as low as 50°-100° (120°- 
212° F.), and the time, 6-24 hours. Another important factor, regulating both heat and time, is the 
more or less drying nature of the oil or varnish used. 

When carefully carried out, and not too much forced in the stoving, this mode of varnishing 
can be made to yield results little, if at all, inferior to the finest natural varnishes of India, 
China, and Japan. The only drawback is the heat required, to which, objects of wood and some 
other materiids cannot be exposed without warping or splitting. 

Instruments and Plant. — The only essential apparatus required is a heated closet or chamber of 
sheet iron or other material, of dimensions varying with the business needs of the establishment; 
from one to many cub. yd. capacity. The principal point to be aimed at in its construction is 
to secure a uniform degree of heat in the whole of the chamber, together with a steady but 
slow draught of atmospheric air through its interior. Any mode of heating may be adopted which 
will give a steady unvarying heat for any length of time, and of any required degree, and at the 
same time be under perfect control. This is efiected by the appropriate circulation of the furnace 
flues round (in heating by gas, they may be inside) the chamber, taking care to protect the lower 
portion, where the impinging heat is greatest, by a proper thickness of brick or tile. 

The interior of the closet may be furnished with ledges at the sides, at various heights, to 
receive shelves, iron bars, wire netting, &c., to suit the size and shape of the japanned goods. The 
objects should be arranged as regularly as possible, leaving sufficient space between them on all 
sides for the free circulation of the hot air, and also to prevent the vapours given off by the heated 
varnish from softening the coating of japan and causing it to “ run,” wherever two surfaces are too 
near together. Very small surfaces may be nearer together than large ones. The same accident 
may also be caused by insufficient draught of air at the commencement of the stoving. 

It is desirable that, in applying the japan, the strokes of the brush should have such a direction 
as will ensure their being horizontal when the object is standing in the stove, otherwise the varnish 
will run into vertical streaks and rollers, utterly disflguring the work. The varnish too, unless 
thickened with pigments, should be itself of sufficient consistence to hold its place on the japanned 
surface at the heat of the oven, and when oil alone is used, it should be boiled until nearly solid, 
and thiifned with turps to enable it to be laid on with the brush. Otherwise the coats must be so 
very thin as to necessitate inconvenient multiplication. 

Materials. — Any drying oil or oil-vamish may be used for stoved japan, according to the required 
quality and nature of the result, but if oil-vamish be used, it should in all cases be highly charged 
with the oil ; thus an oil-vamish of the Continental type (see Div. III.) will not give so tough and 
resisting a japan as one of the English type, in which the oil forms at least | of the fixed 
residue. 

For pale transparent japans (stoved lacquers), may be used a pale and very thick boiled oil, 
prerart^ according to the modem process, or the best and palest carriage- or body-vamish diluted 
with one-third or one-quarter of very old raw linseed-oil. If required to be coloured other than its 
natural golden colour, any transparent colour, such as lake, Prussiau blue, French ultramarine, 
verdigris, and some of the aniline colours, previously ground in pale boiled or raw oil, may be 
added. Heat, about 80° (176° F.). Time, 24-48 hours, or even more. 

• For white, ordinary white-lead, or flake-white, or zinc-white ground in the palest boiled oil 
(modem process) for first coats, and the same, with the addition of the palest body-copal-vamish 
for the finishing coat if required glossy. Heat, below 65° (149° F.), if very pure white is required. 
Xjme, 24r-48 hours. 

FoFpale delicate colours (opaque)jthe same white, to which are added any pure-tinted pigments 



2032 


VABNISH. 


that can stand the heat, either transparent, such as those mentioned above, or opaqne, such as 
vermilion, Naples yellow, emerald green, cobalt blue, &c. Time and heat aS for white. 

For dark and coarse colonrs, any boiled oU may be nsed, if sufficiently thickened with pigments 
or by boiling, to hold its place during the atoving, either with or without the addition of a good 
dark-coloured real copal- or amber-vamish. 

Many of the common (so-called) “ copal ” varnishes made with white dammar, inferior kauri, 
or Manilla copal, make inferior japans. Heat, 150° (302° F.) for about 12 hours. 

For pale transparent browns, nothing is finer than good amber-, or dark real copal-vamiah, 
added to half its bulk of boiled oil, and stoved at 150° (302° F.), if the wares will stand the heat. 
Soft solder becomes weakened at 160° (320° F.), therefore soldered tinware ought not to be stoved 
at a higher heat than 150° (302° F.). 

Darker browns may be obtained by addition of umber (finely ground in linseed-oil), asphaltum, 
Brunswick black, or “black japan ” varnish. Blacks, by the addition of calcined lamp-black, or 
(for the best quality) finely ground ivory-black to the above browns. Heat, 150°-250° (302°- 
482° F.). Time, 6-24 hours. 

In all cases where varnish diluted with turps is used, the japan must be quite dry before being 
stoved, or it will Infallibly run into streaks when heated, and the greatest care must be taken to 
keep away dust until they are quite dry. 

In japanning leather, the fiesh side of the skin is scraped and shaved smooth, and rubbed to as 
even a surface as possible, and prepared with: — Eaw linseed-oil, 1 gal.; litharge, 1 lb.; burnt 
umber, 1 lb. ; boiled together according to old process at high temperature until the oil is much 
thickened when cold, and then allowed to settle and poured from the dregs. This oil, with the 
addition of a little burnt umber and ochre, finely ground, is well worked and rubbed into the flesh 
side of the leather, and the excess scraped off ; it is either allowed to dry in the air, when the 
weather is hot and dry, or is stoved at a very gentle heat of about 40° (104° F.). Some 2 or 3 
coats are thus applied, then 2 or 3 of the same oil with the addition of some finely ground ivory- 
black, and finally 1 or 2 of the-oU alone. When aU is thoroughly dry, the leather is stretched 
very tight, and the varnished surface is rubbed down very smooth with fine washed pumice powder, 
and then varnished with any of the above black japans, or asphaltum and copal oil-vamishes, and 
stoved at 40° (104° F.). The very greatest care must be taken to exclude dust during the 
varnishing, the smallest quantity ruining the varnished surface. (See also p. 1236). 

Oiled Silk.— This may be prepared with 2 or 3 very thin successive coats of any boiled oil, 
stoved at a temperature of 40°-100° (104°-212° F.), the silk being stretched over light frames of 
deal laths. 


Div. HI. — Oil-vamishes. 

The successful preparation of these varnishes is the most difficult branch of the vamish-maker’s 
art, and requires the greatest knowledge, experience, and care, together with a skill which cannot 
be taught by precept, but is to be acquired only by long practice and observation. The process 
may be divided into two principal stages : Ist, the preparation of the resin, rendering it soluble in 
the od ; 2nd, its incorporation with the oil in such manner as to form a compound which shall be 
perfectly soluble in essential oil of turpentine, and, on the evaporation of the latter, shall dry hard 
within a reasonable time, and before dust has, under ordinary circumstances, been able to attach 
itself to the varnished surface to any serious extent. 

The resins best fitted for the composition of oil-varnishes are, as already pointed out at p. 2024, 
insoluble in any known menstraa, and are incapable of true fusion. The first effect of the 
application of heat to all of them, except sandarach and the very softest copals, is to make them soft 
and elastic like hot indiarubber. On increasing the heat, the resin, at about 300° (572° F.) begins 
to froth and swell up, giving off water, acids, and empyreumatic substances, chiefly hydrocwbons of 
various degrees of volatility, this action increasing with the heat until it has reached its so-called 
“ fusing-temperature,” and has become converted into a mixture of new and entirely different 
hydrocarbons, some solid, some liquid, and some gaseous at ordinary temperatures. This fusing- 
point is extremely high, being above the melting-point of lead, and only just below an incipient red- 
heat. Of the liquid products of the decomposition, some have a boiling-point but little if at all 
below the “ fusion point” of the resin, have a very high vapour-density, and play a verv imnoriant 
part in its successful fusion for varnish-making. ” " 

In the above enumeration of the effects of heat, the resin is supposed to have been fused in the 
way usual in varaishrmaking, i. e. confining these vapours as much as possible in a verv deen 
vessel. The resin in such cucumstances will become reduced to about ^ of its weight to a 
transparent, thin oily liquid, which may be no more coloured than pale amber or linsL^il if 
a very pure and pale resin has been operated on. On the surface of the liquid ’resiii will be s^n 
floating a stratum df heavy transparent vapour, which may be poured out like water bv carefuUv 
incUning the vessel, and wiU condense against an, cool object into a thick oily liquid of pUngJt 
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though aromatic odour. If the resin, immediately on its complete fusion, be poured out upon a 
cool surface, it will solidify into a brittle rosin-like substance totally different in character and 
composition from the original resin. It is now soluble in hot linseed-oU, in turps and other 
essential oils, chloroform, petroleum, rosin-oil, ether, benzol^ and many other hydrocarbons. 

If, instead of being heated in a deep or closed vessel, the fusion be attempted in a shallow 
vessel such as a ladle or evaporating dish, the result will be very different. On the application of 
the heat, the resin will first soften and tumify as in the previous experiment, but after this, instead 
of fusing quietly, it will gradually become browner and harder, until it is entirely converted info a 
porous mass of charcoal and the aforesaid heavy vapours, which in this case are carried off with the 
currents of air playing round the heated ladle. 

If, instead of pouring out the resin melted as in the first experiment, it be allowed to cool undis- 
turbed in the vessel in which it has been fused, together with all the above-mentioned heavy 
vapours, these latter on condensing will wet the upper portion of the solidified resin, and dissolve 
it into a thick syrupy liquid. 

From a careful consideration of the above facts it may safely be concluded : — 

1st. That an oxidizing atmosphere blackens and chars the fusing resin. 

2nd. That the above-mentioned heavy volatile hydrocarbons, forming a continually renewed 
bath of heavy vapour floating over the surface of fusing resin, effectually keep off the atmospheric 
air when the fusion takes place in a deep vessel. 

3rd. That the least volatile of these hydroairbons, which are liquid at the heat of the half-fused 
resin, materially assist in the liquefaction of the yet unfused portions, at the same time protecting 
the fused portions from becoming coloured by the further action of the heat. 

Bearing in mind the above facts and conclusions, the reader will easily see the reasons for all 
the following rules and directions. 

Preparation of Resin. 

1. Remove outside coating of crust with a sharp knife of hard steel, if not already done by the 
merchant, by scraping or washing in alkaline lyes. 

2. Carefully pick over the resin, setting aside the purest and most transparent ami colourless 
pieces for the best quality of varnish, and dividing the remainder into 2 or 3 qualities according 
to paleness, transparency, and purity. 

3. Look over each separate lot, and with the knife or with cutting nippers, remove all those 
portions containing earth, bits of stick, leaves, insects, and any other impurities. 

4. Cut up the pieces of resin by halving each separately until they are reduced to the utmost 
possible evenness of size, looking like granite road-ballast in miniature, and in fragments of the size 
of peas or beans, or small hazel-nuts, the exact size being of less importance than evenness of bulk. 
Therefore it is better to sift them, through different sized mesh sieves, into 2 or 3 categories, so 
as to ensure sameness of size for each melting; 

Fusion of Resin. 

5. Place the required quantity of resin thus prepared in the melting-pot or “ gum-pot ” (on the 
small scale, in experiments on only a few oz., this may be a round-bottomed glass flask), and, if the 
heat is thoroughly under control, as where gas is the fuel, heat the resin very gently for some time 
until it has got thoroughly warmed through at a temperature of about 150° (302° F.), and then raise 
it as quiJkly as possible to the fusing-point, keeping the resin stirred and divided in all directions 
as rapidly as can be done with a strong metal spatula or stirrer (or, on the small scale, by shaking 
the flask with a circular motion), and taking care that the resin, which now froths up to 5 or 
6 times its natural bulk, shall not boil over out of the vessel. This vessel should have a capacity 
of at least 10 times the bulk of the resin to be melted at one operation. 

If the fusion has been properly conducted, the stirring active, and especially if the pieces of 
* resin were all of nearly equal size, the last lumps of unfused resin will disappear from the frothing 
mass in about 10 minutes from the increase of the heat To ascertain this, it is necessary to keep 
taking up samples with the spatula from time to time, and towards the completion of the fusion, 
this should be done every few seconds. The moment the fusion is complete, which is moreover 
generally announced by the sudden diminution of the frothing, the “ gum-pot ” is at once removed 
from the furnace (or the gas turned off), and preparations are made for mixing in the hot oil, if the 
varnish is to be made according to the mode most usually practised, which is also the most ancient. 
If however, the varnish is to be made according to some process in which the cooled and solidified 
resin is used, as in some varnishes of Div. IV., the gum-pot must be immediately emptied, pouring 
out the fused resin upon metal plates (silvered copper by preference) to cool in sheets i-i in. thick. 

The oxidation and browning of the resin may be still further prevented by fusing it in a closed 
copper vfesel through which a slow current of coal-gas is passed during the lushm. 
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Combination with the oil. 


This may be effected in either of the three methods already mentioned. 1st, by pouring the 
hot oil into the resin immediately on its being perfectly fused. 2nd, by allowing the fused resin 
to cool and solidify, and then dissolving it in the oil by heat. 3rd, by fusing the raw resin in the 
oil itself, in a reducing atmosphere if possible. 

The first method is that generally if not always adopted in England. The oil, raised to a 
temperature of about 315°-320° (599°~608° F.), is kept at that heat whilst the resin is fusing, 
and the moment the fusion is complete, the melting-pot i!f?hmoved from the furnace, the proper 
quantity of oil (previously ladled out into a copper pouring vessel) carried to the melting-pot, 
and, as soon as the frothing of the melted resin begins to subside a little, the hot oil is poured in 
a thin stream and with steady stirring into the boiling resin. When all the oil has been poured 
in and well stirred into the resin, the melting-pot is replaced on the furnace, and the oil and 
resin are boiled together for a few minutes, or until a drop received on a strip of window-glass, 
remains transparent when cold, and does not become dull or semi-opaque. The varnish, however, is 
far from being finished at this stage, and would take too long to dry, besides not giving the lustrous 
and hard surface required of an oil-varnish, and would moreover be most likely curdled or coagu- 
lated on attempting to thin it with turps for ordinary use. To give it the qualities desired, it must 
undergo a further boiling at a lower temperature, in a vessel of larger dimensions and shallower 
form, exposing a greater surface to the action of the air, which action may be assisted by agitation, 
or a blast of air playing over the surface of the hot varnish. During this second boiling, may be 
added appropriate driers (where the varnish has been made with raw oil, and is required to dry 
quickly), as for boiled oil. Several meltings or “ runs ” of varnish of the same kind and quality 
are usually boiled together in this second boiling, which will take from 10 minutes to as many 
hours, according to the nature and proportion of the resin employed, and the description and 
drying quality of the varnish. The progress of the operation is examined from time to time, 
especially towards its termination, by placing a drop upon a strip of window-glass, and observing 
whether or not it looks clear and brilliant, with a lustre that is difficult to describe in words, but 
which is nearer “adamantine” than “resinous” or “oily” in mineralogical language. It will 
now also, if sufficiently boUed, be capable of being drawn out into long threads, and will feel 
sticky instead of oily, when the drop has cooled. When it thus “ strings ” well, to a length of 
6 in.-6 yds., according to the nature of the varnish required, the boiling has proceeded far enough, 
and the varnish Is completed to all intents and purposes, forming Class A of Div III 

Wlierever if is possible to apply it in this thick state (by heating the object to be’ varnished, or 
otherwise) it makes the most perfect and durable as well as brilliant of all the oti-vamishes, the 
subsequent thinning with turps required for allowing it to be used with the brush, having no 
effect on the varnish so thuine.1 but to injure its finest quaUties. This thinning with turps must 
be done at a great distance from any light or fire, best of aU in the open air, for fear of explosions. 
The boilmg-pot should be taken off the fire (or the fire perfectly extinguishedk-the varnish 
allowed to coot to about 80° (180° F.), or so far as to lower its temperature to about 50° above the 
boilinppomt of the diluent or solvent added, and the turps, hot but not boiling, poured in tittle by 
little in a thin stream, with very cautious stirring of the surface only of the hot varnish, and waitinir 
for the frothing to subside after each addition before adding more turps 

If the varnish were stirred down to the bottom when adding the fimt portions of turps, there 
would be great danger of the teUing up becoming so violent as to almost completely empty the 
boilmg-pot of Its contenfa. When all the turps has been thus added, or when the vtmish, on 
citing a small quantity m a shallow vessel, is found to be sufficiently thinned, it is strained 

oL: B "iz: "r “■» “ 

method of mafang a true oil varnish ; by this process, any quantity of varnish may be successfully 
made, from a few grams in test-tubes and smalt capsules, to many hundredwei<.hi; 

• m brought strongly into notice (though not invented) by Tingry 

m the beginning of this ^ntury, the resin is fused with all the precautions ab^v^deiribS 
al owed to solidify m thick sheets, and when cold is coarsely powdeL and introSdS t?e 
cold oil m proper proportion, into the boiling-pot, but bearing in mind that 3 parts of 

™ ... ... ca ... ..a .k. ..... 

The following will serve for examples 
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• P'roportions. 


a. Palest amber picture varnish. 
Palest transparent yellow amber 1 


Palest old linseed-oil 1 J 

Fresh distilled turps 3 


Boiled to string well at the lowest possible 
temperature. 

b. Body copal-varnish. 


Palest Zanzibar animi . . . . 1 

Iiinseed-oil 3 

Made into a varnish and added to — 

Sierra Leone copal 1 

Linseed-oil 3 

Made into a varnish. 


These are boiled together until they string 


well, and diluted with turps .. .. 12 

c. Neil’s picture varnish. 

Very best African copal .. .. 1 

Linseed-oil 

Turps 3 

d. Gold-size. 

Amber or copal 1 

Linseed-oil 2 


Boiled until it strings well, and then added 
to 6 parts of boiling and very drying boiled oil, 
and the whole boiled together until it strings 
very well, then diluted with 10 or 12 parts of 
old turps. 


Class 0. — Black oil-vainishes and black japans drying at ordinary temperatures. — These are 
merely oil-vamishes of Class B, and made in exactly the same way, but where asphaltum is used 
alone and without any amber or copal, they require much longer boiling. 


Order 1 . — Containing amber or copal. 
Black Japan. 


Asphaltum 6 

Linseed-oil 12 


Boiled together until nearly solid when cold 
— then add to it the following, made into a 


varnish — 

Animi 1 

Linseed-oil 2 

and— 

Amber 1 

Linseed-oil 2 


The whole then boiled together 2-3 hours, 
thinned with turps, and then strained. 

Order 2.— Containing only asphaltum. 
Brunswick black. 


Asphaltum 3 

Linseed-oil 4 


The asphaltum is fused alone, and kept 
boiling for 6 hours, and in the meantime the 
oil is boiled with lead driers until very 
drying. They are then mixed and boiled 
until a drop allowed to cool can be rolled into 
a hard pill between the fingers. It is then 
thinned with 12-16 parts of turps, and strained. 


Dxv. rV. — Containing a gum, or resin, dissolved in a volatile liquid, and drying hard on the 

evaporation of the solvent. 

Class A.— Dissolved in hydrocarbons, alcohols, &c., boiling above 100° (212° F.)— “ Essence,” 
“ Essential-oil,” or ‘‘ Oleo-resinous ” varnishes. 

Section a . — Toughened with a fat oQ. 

Order 1. Besins fused and boiled with oil as for an oil-varnish, but with less oil than resin. 

These varnishes are usually looked upon as oil-varnishes, but the oil being in small quantity 
and not the principal component of the fixed residue, and the varnish therefore drying hard on 
the complete evaporation of the solvent, they naturally are included in Div. IV. of the classifica- 
tion. They are made precisely as oil-vamishes, but require only a few minutes’ boiling to get 
stringy ^and seldom want driers. Most of the regular oil-varnishes of the formulae published in 
French works on varnish-making come under this head. 


a. Mixed amber-varnish. 

Amber, palest 1 

Copal or animi (palest) . . . . 1 

Sandarach (very clean) , . . . 1 

Linseed-oil 2 

Fuse the resins together, add oil very hot, 

boU as,/or an oil-vamish, and thin with turps. 
b. “ Vemis pour equipages.” 

Sandarach 2 

Boiled oil 1 

Turps about 3 

Sandarach fused in the oil, boiled to 
string, and thh turps added hot. 

Order 2. — Made with previously fused resins, 
at a Id^ temperature in the solvent. 


c. “ Vemis blanc au copal” (Watin). 


Picked copal 2 

Boiled oil 1 

Turps 3 or 4 

Melt the copal in a glass flask, add oil 
very hot, boil till stringy, and add turps hot. 
d. Kauri varnish. 

Kauri (pale) 2 

Pale boiled oil 1 

Turps 2 or 3 


Dissolve resin in oil, boil till stringy, add 
boiling hot turps, and strain boiling hot. 

but dissolved, together with the toughening oil. 


6 o 2 
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In this and all the following orders of varnishes, the mannfactnre requires no special skill or 
training, but can be easily carried on by any one acquainted with the roughest laboratory, manipula- 
tion. Neither is any special apparatus required, beyond tins, bottles, and other storing vessels, 
large funnels, filters, filtering paper, stirrers, measures, and other common workshop appliances. 
No directions therefore need be given beyond those for choice of materials. 


a. Palest fused amber 4 

Pale boiled oil 1 

Turps about 6 


Dissolve the oil and resin in the turps at a 
gentle heat — in the water-bath best, but the 
amber must then be powdered. 


6. Animi fused 3 

Very drying boiled oil .. .. 1 

Turps 5 

Proceed as in a. 


Order 3. — ^Made with resins not requiring previous fusion for solution in turps. 

Section oi. — ^These differ from those of section ^ only in the substitution of boiled oil (5-25 per 
cent, of the resin used) for the toughener. With this difference, the proportions are similar. 
Section fl. — Containing no oil, but toughened with an oleo-resin. 


Order 1. — Besin not fused. 

a. Best mastic picture-varnish. 


Palest picked mastic in tears 4 

Oil of lavender J 

Camphor ^ 


All dissolved together in the turps at the 
heat of the water-bath, stirring all the time. 

6. Common mastic varnish. 


Hastic 1 

White dammar 1 

Turps 4 

Camphor -jV 


Treated as in a, or heated in the turps until 
the resins melt, when they will mix easily, 
c. Black dammar in fine powder 4 


Copaiba balsam 1 

Turps 8 

Turps boiled with the resins. 

d. A very cheap varnish. 

Pale rosin 10 

Bosin-oil 1 


Petroleum, No. 3 or 4 . . 15 to 20 

Where the smell is of no importance this 
may be made with rosin-spirit. 


Order 2. — Made with fused resin — have similar formulse as to proportion and toughener. 

Class B. — Dissolved in hydrocarbons, alcohols, ethers, &o., boiling below 100° (212° F.), “ spirit- 
varnishes ” and “ ether-vamishes.” 

Section o. — Spirit-varnishes proper, made with methyl-, ethyl-, or propyl-alcohols, “ French- 
polishes,” and “ spirit-lacquers.” 

Concerning these, little need be said beyond urging the use of the strongest spirit that can be 
obtained, in many cases further drying it by potassium carbonate (see p. 2026). Brittleness may be 
removed by tougheners, in the following proportions to the resins : — 


Per cent. 

Cold-drawn caator-oU 5 to 10 

Copaiba balsam 5 „ 20 

Venice turpentine 10 „ 50 


Per cent. 

Camphor 2 to 10 

Oil of lavender 10 „ 25 

Fat old turps 10 „ 50 


Order 1. — Containing lac as the principal ingredient. o 

These are the hardest of all artificial varnishes, with the exception of the stoved oil-japans. 


a. Pale lac varnish. 
Bleached lac freed from wax . . 1 

Methylated spirit 3 


Powder the lac coarsely, and dissolve it in 
the spirit with a gentle heat, filter it warm, 
covering the funnel closely during filtration, 
and let it settle until bright. 


b. Shell- or button-lac 8 

Soft Manilla copal, palest possible 6 

Copaiba balsam 2 

Treated as a, and dissolved in 
strongest spirit 40 


c. Lac 

Sandarach 

Elemi ji 

Venice turpentine .._ 2 

Spirit 24 

d. Lac fi 


Pale rosin, or American thus . . ' 3 

Sandarach 

Castor-oil 

Spirit 3Q 

c. Bleached lac freed from wax . . 10 

Mastic 0 

White dammar .. ., *. __ q 

Oil of lavender g 

‘50 
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Order 2*— Containing little or no lac. 


a. Palest soft Manilla copal .. .. 4 

Manilla elemi 1 

Spirit, dried 12 


Proceed as in Order 1, a, but using the 
strongest dried spirit. 


b. A pale cheap varnish. 

Sandarach 

■White dammar 

American thus 

Soft Manilla copal 

Elemi 

Spirit 


2 

2 

4 

4 

4 

40 


1 


c. American thus 4 

Benzoin 2 

Manilla elemi 2 

Sandarach 2 

Spirit 25 

Filter when dissolved. 

d. Sandarach 4 

Palest soft Manilla copal . . . . 4 

Copaiba balsam 2 

Castor-oil 1 

Spirit 25 

Proceed as in a. 


Order 3. — Spirit varnishes applied with a rubber — “ French polish.” 

These are merely lac-varnishes made rather thinner than the regular spirit-varnishes, and to 
which is sometimes added a small percentage of boiled oil, or copal oak-vamish. Their quality is 
good in direct proportion to the amount of lac contained in them, all attempts to substitute cheaper 
resins deteriorating the hardness and smoothness of the polish. Elemi, mastic, or benzoin, in 
small quantities are perhaps an improvement. 


a. Seed-lac 1 

Spirit 5 

Shaken till dissolved, but not filtered. 

b. Shell-lac 8 


Mastic 2 

Benzoin 1 

Copal varnish 1 

Spirit 50 


Order 4. — Coloured spirit-vamishes or “ spirit-lacquers.” 

Very dilute spirit-varnishes, coloured to suit requirements and, like the last order, good indirect 
proportion to the amount of lac in them. They should be made with the strongest dried spirit, 
and where possible the work should be warmed before the application of the lacquers, and the 
temperature of the air between 20° and 25° (68°-77° F.), or there is risk of the lacquer “chilling,” 
especially in damp weather. The air must also be free from dust, every particle of which will 
make a deeper-coloured spot. The gold-coloured lacquers for brass-work are the most abundantly 
used in the arts, gamboge modified with dragon’s-blood being the usual and best colouring. 
Fancy colours may be given in every variety with any of the aniline colouring matters soluble in 
alcohol. Of the immense number of dififerent formulae for lacquers, the following will suffice as 
examples, all of them to be well filtered and allowed to settle till bright. 


a. Gold lacquer. 


Seed-lac 4 

Gamboge 1 to 2 

Dragon’s-blood J 

'Dried spirit 36 


c. Pale brass. 


Bleached lac 12 

Aloes 2 

Gamboge 1 

Dried spirit 100 


5. Deep gold. 


Seed-lac 10 

Turmeric 4 

Gamboge 4 

Dragon’s-blood 1 

Dried spirit 80 


d. Bionze. 


Lac 4 

Sandarach 2 

Gum acaroides 2 

Gamboge 2 

Aloes 2 

Dried spirit 80 


Section 0 . — Made with ethers, chloroform, acetone. — “ether- ” or “etherial-” varnishes. 

'Being used only in small quantities, and for very special purposes, these varnishes may be 
dismissed with a few general considerations. Owing to the great volatility of the solvent, they are 
difucuk to use with a brush, and are much better applied by “ floating ” or dipping. The solvents 
should always be well dried with salt of tartar, as described under “ alcohols ” (p. 2026), and, in 
the case of ether and chloroform, should first be well washed 2 or 3 times with an equal bulk of 
water, to remove excess of alcohol. 

Section y . — ^Made with a hydrocarbon solvent boiling below 100° (212° F.). 

Of these solvents, the most powerful are the benzol and toluol series (p. 2026), which dissolve 
all resins soluble in chloroform (except benzoin), and many others. 

Petroleum Nos. 1 and 2 yields very few varnishes, owing to its restricted solvent powers, 
tring-^lmost confined to mastic, white dammar, and coniferous resins ; otherwise, from its great 
stability and cheapness, and its easyipurification, it would be the most eligible of aB hydrocarbon 
solvents. 
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C— Mixed solvent varnishes.— In this class, the menstruum consists of alcohol, ether, 
chloroform, acetone, &c., to which is added J-J their bulk of a hydrocarbon, such as turps, benzol, 
petroleum, &o. These solvents have their power so much increased that all varnish-resins are 
TOlnble in’ them, except amber and the hard copals. Where an alcohol is used as one of the com- 
ponents, the added-hydrocarbon should be divided into two parts, only one of which is mixed with 
the alcohol before the solution of the resin, the second part being added to the varnish after it is 
completed and filtered; the risk of precipitation of the resin by the unequal evaporation of the 
mixed menstrutun on keeping, is thus greatly diminished. All alcohols, ethers, and chloroform used 
in these varnishes should be well dried. As examples, the following are given . 


a. Eauri (palest) 2 

Mastic 1 

Chloroform 9 

Spirit 31 


5. Soft pale copals 

White dammar 

Bleached lac 

Toluol 11 

Spirit 31 


3 

1 

1 

12 


Class D.— Water- varnishes. — Albumen and gelatine being the chief ingredients in these glazes, 
they should, if not used immediately, be mixed with some organic antiseptic, such as carbolic acid, 
thymol, or salicylic acid. Borax and especially boracic acid are also excellent (inorganic) pre- 
servatives, but render the glaze rather opaque when dry, and diminish the gloss. These glazes 
may be coloured with any of the soluble aniline or other colours. 

The author acknowledges with pleasure the great help received from E. M. Holmes, F.L.S^ 
whose immense store of information concerning resins, &c., has always been most kindly and 
cheerfully placed at disposal. To Robert Finch (japanner), are also due many valuable details 
respecting stoved japans. ‘ E. F. 


VHTEGAB (Fb., Vimigre ; Geb., Essig ). — ^Vinegar is an acid liquid, described in the British 
Pharmacopoeia as prepared from malt and unmalted grain by acetous fermentation. The acid 
contained in vinegar is acetic acid (OjH^Oj), and it usually exists in the proportion of 3-6 per 
cent. The market description of quality is 16, 18, 24. Although the officinal prescription is 
adhered to by some manufacturers, the use alone of those ingredients is by no means usual; 
indeed, malt, in many instances, is not in tlie present day used at all, but for it are substituted 
artificial glucose (CsHijOj, HjO), and cane-sugar or molasses (OisH^Ou). These latter are very 
largely used, and as they produce, chemically speaking, the same result, i. e. acetic acid obtained 
by fermentation, there can really be no objection to their use. In this article, attention will be 
particularly given to the genuine system of manufacture, viz. from grain. 

Grain or Malt Vinegar . — The commencement of the process is similar to that of beer-brewing 
(see Beverages — ^Beer, pp. 377-414). The malt and nnmalted grain are first crushed (not ground, 
as it is often erroneously described), between steel rollers, which, revolving against each other, are 
BO fixed that the grains shall be broken only. There are more motives than one for preventing its 
being ground to meal, the first of which is that great quantities of the husk would find their way 
into the mash-tun, and would have the effect only of supplying an undesirable amount of 
unnecessary vegetable matter ; secondly, phosphatic combinations are most injurious, and it is in the 
husk that phosphates abound ; while the 
third objection is a mechanical one, namely, 
that the bottom of the mash-tun, through 
which all the wort has to be drawn away, 
would, on opening the taps, be immediately 
stopped up. The crushing-mill is shown in 
Fig. 1434 : a, tray receiving malt from the 
funnel above and conveying it to the roller- 
box c, whose bottom is of wire netting, to . 
allow dust to escape; 5, steel rollers for 
crushing the malt ; de, elevator for convey- 
ing crushed malt to the fioor above. 

It may be observed at this point that 
the unm^ted grain (barley, oats, rice, 
maize, or whatever is chosen) must be 
thoroughly dried on a proper kiln, pre- 
vious to crushing, in order that many of 
the glutinous and albuminoid matters may 
be destroyed. Unless this precaution is 
adopted, there is little chance of the vinegar being sufficiently sound to withstand the deteri«atiiife 
effect of the afcnosphere for any time after its manufacture. ^ ^ 




GEAIN OE MALT VINEGAE. 


2039 


After th%grain has passed through the crushing-rollers, it is transferred to a receiver (hopper) 
by means of a belt driven by wheels, and supplied by'cups (see Fig. 1434), whence it is passed into 
the mash-tun, together with water heated to a temperature of about 77° (170° F.). This mash-tun 
is supplied with revolving forks, which, whilst revolving, move round and round the tun, and are 
kept in motion for about one hour. At the end of this time, the whole will have become thoroughly 
incorporated, and the temperature uniform. The forks are then stopped, and the mash is allowed 
to rest for about three hours, after which the taps are set to draw off the wort. This is immediately 
conveyed to the boilers, and again well boiled for the purpose of coagulating the albumen. 
Another quantity of water of the same temperature as the previous is then distributed over the 
grains by means of sparges, in order to thoroughly exhaust the grains of all their saccharine 
properties. The mash-tun is shown in Fig. 1435 : a, channel conveying malt and hot water to the 
tun; 5, mashing-forks for thoroughly in- 
corporating the materials ; c, sparges which 
revolve rapidly, and supply continuous and 
regulated streams of water for a second mash. 

The components of malt (see pp. 378-9) 
are vegetable gelatine, diastase, &c., pro- 
duced from the gluten of barley during 
germination, and large quantities of starch) 
which, in the mash-tun, is converted by the 
diastase first into dextrine (see pp. 1645-7)) 
and at a further stage into artificial glu- 
cose (see pp. 1914-21). 

It may. now be explained why unmalted 
grain is used together with malt. Malt 
possesses much more diastase than is neces- 
sary for the conversion of all the starch 
which it contains, and consequently re- 
quires more of that body to be supplied from 
a raw grain, in order to exhaust itself. It is 
a fact which has been stated by Ham, 
and verified by other practical vinegar brewers, that good sound vinegar cannot be obtained 
from malt alone, and the reason is undoubtedly that the superfluity of diastase remaining in the 
liquor produces secondary and putrefactive fermentation in the acetifier, which cannot, witli any 
certainty, be prevented. It will be apparent from this explanation that a good calculation should 
be arrived at as to the proportions in which the grains should be rued, and the brewer must 
be guided by a consideration of the quality and weight of them. The mass being converted into 
artificial glucose, it is passed through a refrigerator into the fermeuting-tun, and yeast is added, 
the operation of yeast being, of course, to produce fermentation. It is at this point that the 
process of vinegar-making deviates from that of beer-brewing, for, whereas in the latter it is not 
desired to convert the whole of the glucose into alcohol, but only to the extent of about half, so 
that the beer may contain some sugar as well as alcohol,, in vinegar-making alcohol is the only 
practical element required, and the fermentation is therefore forced on to the utmost by large and 
frequent additions of yeast, until all the sugar has disappeared, and an alcoholic solntiun remains. 

At t^iis point, the chemical change may be described as the conversion of glucose into alcohol, 
thus : — 


1135. 



Carbon 

Glucose. Alcohol. dioxide. 


C,H,jOe = 2C2H„0 -1- 2GOj 


The fermentation being now forced to its utmost point, the wort is conveyed by pumps to other 
fining vats, where it is stored some days to allow it to clear itself, by subsidence, of all dead yeast 
and cloudiness as completely as possible, and then, passing through a filter-bed of wood-chips 
and shavings, into the acetifier. This is a large vat capable of holding 8000—10,000 gal., and is 
constructed as shown in Fig. 1436: a, coil of block-tin piping supplied with steam for heating; b, 
intake of pump to feed sparges ; c, pump ; d, surface of the article in course of manufacture, above 
which is a vacant space for dripping; /, escape-pipe at bottom of steam-coil; jf,- sparges for 
distributing finely-divided wort over the birch bed ; A, support for pump. In the vat, the block- 
tin worm, constantly supplied with steam, is so regulated by a screw-tap that the wort may be kept 
at any desired temperature ; the pump is made of ebonite, and entering the vat at about one- 
third from the top, communicates with the bottom, at about 2 in. from the actual bottom, and 
constantly supplies sparges which throw a continuous spray over a bed of birch. The birch is tied 
in bundles, and forms a bed about 50 in. deep, below which an empty space about 1 ft. deep is 
allowSft for the wort to drip through^ The object is to divide the liquid into as small particles as 
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p(^ible,iii Older that the oxygen of the atmosphere may have complete and unceasing ^ntact with 
the greatest quantity. 

It is to he pointed out that the birch must be freed of all juice and colouring matter by boiling 
in several waters, until all odour and colour are exhausted,- requiring 3 days before it is snfBciently 
done; and the twigs must be 
gathered in the winter, or very 
early in the spring, before the sap 
has ascended. The temperature 
at which the acetifiers are worked 
varies but little, say 38°-4:3° 

(100°-110° F.); in the early 
part of the process, the higher 
temperature is applied, and as 
the acetification proceeds to its 
completion, it is gradually re- 
duced to the lower. About 6 
weeks’ continual working is 
necessary for the complete aceti- 
fication of each lot 

At the commencement of this 
acetifying process, the alcohol is 
converted into aldehyde in the 
following manner ; first, oxygen 
of the atmosphere absorbs two 
atoms of hydrogen from the alco- 
hol, forming water and aldehyde 
(see pp. 229-30), which latter, 
being formed, in its turn absorbs 
more oxygen from the same 
source, and forms acetic acid (see 
• pp. 5-39). The presence of 

much oxygen is thus shown to be imperatively necessary, and on its abundance or scarcity depends 
in a great degree the success of the operation. 

Oxygen is also necessary for the commencement of fermentation, but it is not necessary to 
continue it; fermentation is, however, more rapid and complete in its presence, and even light is a 
great assistance. It has been satisfactorily demonstrated by Pasteur and others that the exclusion 
of light greatly retards the fermentation of the wort and the growth of yeast. It is therefore 
advisable to ensure the presence both of oxygen and light, as slow fermentations are frequently 
unsound, in consequence of the unhealthy condition of the yeast, which becomes exhausted for 
want of ^^rtunity to grow. This statement is supported by Schutzenberger in the following 
words When pure sugar ferments with a limited quantity of yeast, this becomes exhausted, and 
materiab^”™^ decompositions of sugar, in the absence of soluble nutritive 

The changes and decompositions which occur may be thus described. The first is the con 
version by fermentation of glucose into alcohol, thus 

Carbon € 

Glucose. Alcohol. dioxide. 

CsH.jOe = 2CjHeO -f 2CO. 

^hjecondly, the conversion of alcohol into aldehyde by absorption of oxygen from the atmosphere, 

Alcohol. Oxygen. Aldehyde. Water 

C^H.O + O = C,H,0 + HjO’ 

Finally, the conversion of aldehyde into acetic acid by the further absorption of oxygen, thus 

Aldehyde. 0.xygen. Acetic acid. , . 

C,H,0 -1- O = 

peculiar volatile and agreeably aromatic odour and flavour of brewed vinegars which are 
not to be met vnth m those made simply with acetic acid and colouring matter, are d” fte 
presence of acetic ether, and volatile substances of a similar character, derived from th • 
used. ® grams 

The entire process of matog malt-vinegar occupies a period of about 2 months, 'at the end of 
which time, the vinegar is passed away mto other vats for the purpose of cleansing - j 

so on. The cluing (rape) vats are supplied with beds of about 50-60 in. deep, the bottom'^*”! 
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layer of 8tr%w, the middle sand, and the upper shingle. Many vinegftr-brewers are also British- 
wine makers, and their rapes are then freely supplied with spent raisins, etc., the refuse of their 
wine-manufacture, to enrich the flavour of the vinegar. 

The natural colour of vinegar is about that of sherry, but as, in England, public taste demands 
a much darker colour, caramel (see pp. 598-9) is invariably used to produce it 

Formerly, the law allowed the addition of 1 part to 1000 of sulphuric acid (“ oil of vitriol ”) for 
the purpose of fortifying vinegar (preserving it from decomposition), and it is a prevailing opinion 
that this is still allowed ; but under the Food and Drug Adulteration Act, the addition of any. 
quantity constitutes an adulteration. 

The Quick German Process . — The “quick German” process of vinegar-making diflers only from 
that already described in the fact that alcohol and water are used in place of the brewed material, 
alcohol being on the Continent entirely free from excise duty ; or alcohol and water with some of 
the raw hrewed wort to convey the volatile and agreeably aromatic odour obtained from the grain, 
as before explained. The usual strength of the alcoholic solution is alxrnt 15 per cent., and this is 
most convenient for conversion. 

■Where yeast is not obtainable, an artificial ferment may be produced, which will supply 
all requirements, by mixing wheat-flour and water into a thick paste, and exposing it, slightly 
covered and in a warm situation, to spontaneous decomposition, when it will undergo a series of 
transmutations, resembling the several actions achieved by diastase. The cliange will commence 
thus ; — The mixture, in addition to converting the starch into sugar, converts the sugar itself into 
lactic acid, which excites vinous fermentation. About the third day of the exposure, it begins 
to emit a little gas, and to smell like stale milk ; but this odour will soon after change its character, 
the evolution of gas becoming much greater, and being attended by a new scent, agreeably vinous. 
This will take place on the sixth or seventh day, and the substance will then be capable of exciting 
alcoholic fermentation. 

The decomposed dough is mixed with a small quantity of tepid water, and applied to a 
quantity of the wort at 32°-38° (90°-100° F.), when active fermentation will begin in a few 
hours. 

A most interesting and satisfactory experiment may be made by mixing a handful of flour into 
a thick paste with cold water, covering with paper to shut out dust and permit free access of air, 
and keeping on the mantelpiece in a warm room, where a fire is burning daily, stirring occasionally. 
About ie seventh day it may be mixed with a mash of about 3 qt. of crushed malt and 2 gal. of 
warm water, or with a solution of about 10 lb. of glucose in 1 gal. of warm water, when active 
ferm( ntation will take place, and the beer will be good and sound. 

The explanation is that common gluten resembles diasfcvse in the manner of its decomposition, 
and runs like that substance through two successive dynamic stages, first into lactic and next into 
alcoholic ferment. 

Strong wort may also be set aside for spontaneous decomposition, after the manner of cider or 
perry making in the apple and pear districts, or of British wine manufacturing, when, after three 
or four days, it will become turbid, emit gas slowly, create alcohol, and deposit a ferment which 
acts on saccharine matter. If the wort be weak', however, a scum will collect on the surface, 
and a brown flocoulent substance will be precipitated, which is incapable of exciting fermentation 
in sugar. 

In making vinegar from alcoholic solution, it should not be much more than 15 per cent, in 
strength, and must be kept warm, say at 32°-38° (90'’-100'’ F.), or at a rather less temperature than 
that described previously in this article when speaking of the temperature at which the acetifiers 
should be worked. It is quite unimportant as to whether the spirit used is new or old, and it is 
impossible to say with certainty what would be the loss of alcohol sustained during the operation. 
It is not necessary to observe any particular temperature in the rooms where the acetifiers are 
working, provided that the temperature of the actual article in the acetifier is kept at its proper 
standard. 

The quality of water is also a matter of importance. Good spring water is best, but if that 
cannot be obtained, river water may be used, which must first be well filtered, to eliminate 
HRcha^ical impurities. It is found by experience that the sLlico-carbon filter answers the 
purpose best. 

The operation, watched daily and carefully, should be carried on until the sp. gr. remains 
constant ; this is easily ascertained by the use of the acetometer. The sp. gr. of alcohol is much 
less than that of water; that of acetic acid, on the contrary, is greater, therefore it may be readily 
ascertained when the whole of the alcohol is converted. 

The consequence of too little treatment would be, of course, that much of the alcohol would be 
lost or rather unutilized, through its non-conversion, and the consequent deficiency of acetic acid ; 
whilst on the otlier hand, if the treatment is continued after the full conversion, a large amount of 
the acetic acid, being volatile, would,evaporate and be lost. , 
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Too much air should not be admitted into the acetifiers, for the reason that it is no# necessary, 
and the evaporation would be extreme ; for this reason, as well as for the strength of the aeetifier, 
and comparative facility of cleaning it, the cover of the aeetifier should be of wood, instead of cloth 
or any such material, and the sides should certainly be closed ; but a few holes about 1 in. diam. 
may with advantage be left in the top. 

If it is wished to obtain strong acetic acid from vinegar, it should be done by neutralizing with 
carbonate of soda, lime, lead, or potash, and proceeding to distil with the resulting acetate and 
sulphuric acid, as described under Acetic Acid on p. 21. 

The result, supposing soda to be used, would be explained thus : — 

First 

Acetic Acid G&rbonate Acetate of Carbon 

in Vinegar. of Sf>da. Soda. dioxide. Water. 

2C2H4O2 + Na^COj = 2NaC2H302 + CO^ + 


And second. 


Acetate of Salphnric 

Soda. Acid. 


Pure Acetic [Sulphate 

Acid. of Soda. 

2C2H,02 + NbjSO.. 


This process, however, is so expensive and unnecessary that it is never used. 

Other Vinegars. — ^Wine-vinegar and cider-vinegar, sometimes found in the market, are obtained 
from light French and other Continental wines or from cider, as the case may be, which, turning 
sonr &om weakness in alcohol or from exposure, are put to the only remaining use, viz. making 
vinegar by the quick process, or exposure to spontaneous acetification, i. e. the Fielding process. 
Vinegar is also made from the vinegar fungus (a fungus which gradually forma on the surface 
of weak malt-vinegar when exposed to the atmosphere), and sugar and water ; the plant is pnt 
into milk-warm water, in which sugar and treacle have been dissolved, and the whole is exposed 
for several weeks in a warm place. The quality of this vinegar is so inferior as to deserve no more 
than passing notice. 

Commerce.— Out imports of vinegar in 1880 were From France, 32,683 gal., 3377i. ; Channel 
Islands, 29,779 gal., 15,000/.; Germany, 12,903 gal., 4854/.; other countries, 7466 gal., 1137/.; 
total, 82,831 gal., 10,868/. The duty is 3d. a gal. 

Bibliography.— B.. Dnssauoe, ‘Manufacture of Vinegar, and Acetometry ’ (Philadelplda : 1871); 
J. Bersch, ‘ Essig-Fabrikation ’ (Vienna). H. M. 

(See Acetic Acid.) 


WAX (Fe., Cire ; Geb., Wachs'). 

The term “ wax ” is applied to a number of bodies, of insect, vegetable, and even mineral origin, 
which bear some resemblance to beeswax, the prototype of the group. Organic waxes resemble 
fats, in consisting of members of the series of fatty acids both free and in combination (with alcohol 
radicles), but differ in containing no glycerine; hard at ordinary temperatures, they soften with 
heat, and melt below 100° (212° F.), burning with a bright flame; they are insoluble in water, 
slightly soluble in alcohol, soluble in ether, chloroform, carbon bisulphide, and fixed and volatile 
oils ; not readily saponifiable by boiling with potash, and not volatile without decomposition. The 
characters of earth-wax or ozokerit will be described under that head. The insects which possess 
the power of secreting wax are comparatively few in number, the principal being two or more 
Muds of bee, and a few species of coccus or some closely allied genus. Among plants, on the other 
hand, the production of a wax-like body is a common feature, and the bare enumeration of those 
exhibiting this property would occupy much space; but the number attaining commercial 
importance in this respect is limited to less than a dozen genera, and these alone claim attention. 

Beeswax (Fb., Cire d’Abeilles-, Geb, Bknenwachs).—Hh\3 substance is sufiScieutly familiar as 
the material with which bees build their cells (see Honey, pp. 1127-30). 

In Europe, the production of beeswax is considerable. France was estimated to afford some 
27,021 metric quintals (of 2 cwt.) in 1873. The yield in the two Greek provinces of Calamata and 
Messenia in 1880 was placed at 55,000 lb., value 1080/. Austro-Hungary exported 7289 metrical 
centners (of llOJ-lb.), value 772,634 florins (of 2s.) in 1877 ; 5352 met. cent, in 1878, and 2480 in 
1879. Venice exported 479i tons, 113,786/., in 1878 ; and 469i tons, 112,712/., in 1879. , 

Almost aU the countries of Asia figure as large producers. Beeswax is a commodity of great 
importance in all the islands of the Eastern'Archipelago, whence it is exported in large oblong 
cakes, to CMna, Bengal, and other parts of the continent. No pains are taken with the bees which 
are left to settle where they like (generally on the boughs of trees), and are never coUected in 
hives ; their honey is very inferior. Wallace attributes this wax to a wdd bee {Apis dorsata), whose 
honeycombs are semicircular in form, and often 3-4 ft. diam. Timor beeswax is reckoned the 
best of the Archipelago, and is largely importe4 into Java for the purposes oibatikkUig or tracing 
patterns on cotton cloth. Beeswax may he procured in almost any quantity at Coti Borneo • 
immense loadspf it are brought down by the Dyaks to Seboo, >yhere the Cambodian prows' puKhase 
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it at high prjces. That found in many parts of the rajah Selgie’s country is perfectly white and 
beautifully transparent. In 1879, Sandakan exported 226 dol. (of 4s. 2d.) worth, and Sarawak, 
37,330 dol. . Lakhimpur (Assam) exported 19| tons, value 2112/., in 1871. Hankow exported 325 
piculs (ol 133^ lb.), value 2675/., in 1879; Shanghai exported of yellow wax (presumably bees’), 
380J piculs in 1878, and 386 in 1879 ; Canton exported 70J piculs in 1877 and 39 in 1878 of an 
undescribed wax, probably bees’ ; but many of the Chinese ports receive supplies of beeswax and 
Japan wax from other countries. Of W. Asia ports, Kastamuni sent away 50,000 okes (of 2 • 83 lb.), 
value 7500/., in 1879 ; Brunei despatched 1695 dol. (of 4s. 2d.) worth to Singapore ; and Bushire, 
2500 rupees’ (of 2s.) worth to Java, in tire same year. The exports from Aleppo in 1879 were : — 
12 tons, 1440/., to France; 15 tons, 1800/., Italy; 3 tons, 360/., Turkey; 6 tons, 720/., Austria; 
total, 36 tons, 4320/.; in 1880:— 15 tons, 1800/., Prance; 10 tons, 1200/., Italy; 2 tons, 240/., 
Turkey; total, 27 tons, 3240/. Adana, in 1878, despatched 13,101 kilo, (of 2' 2 lb.), value 965/. 
The shipments from Mersine [Musyna] in 1879 were : — 40 tons, 4800/., to Italy ; 38 tons, 4660/., 
Turkey ; 5 tons, 480/., Great Britain ; 3 tons, 360/., Greece ; total, 86 tons, 14,480/. ; in 1880 : — 
67 tons, 6420/., Turkey ; 48 tons, 4700/., France ; 10 tons, 950/., Austria ; 2 tons, 192/., Great 
Britain; total, 127 tons, 12,262/. Ghilan exported to Russia, 1346/. worth in 1878, and 1731/. 
in 1879. 

The countries of N. Africa furnish large supplies of beeswax. The values of the exports from 
Egypt in 1879 and 1880 respectively were as follows : — Vitaly, 5900/., 6773/. ; Austria, 2600/., 3625/. ; 
Great Britain, 600/., 1901/. ; Turkey, 590/., 3587. ; Greece, 40/., 327/. ; France, 920/., 23/. Tangier 
despatched in 1879: — 250 cwt., 1750/., to Great Britain; 30 cwt., 210/., Spain; 24 cwt., 168/., 
France ; total, 304 cwt., 2128/. ; and in 1880 : — 101 cwt., 707/., Great Britain ; 98 cwt., 686/., France. 
The exports from Mogador in 1880 were: — 170 bar., 2200/., to Great Britain; 505 bar., 4500/., 
France; 6 bar., 60/., Spain; total, 1265 quintals (of 2 cwt.), 6760/. Algiers exported 43,000 kilo. 
(of 2'2 lb.) in 1867, and 113,000 kilo., 300,000 fr., in 1872; later figures were 46,160 kilo, in 1877, 
68,644 in 1878, 30,087 in 1879. The exports from Madagascar to Mauritius were valued at 2233/. 
in 1875, 1388/. in 1876, and 1192/. in 1877. Gambia exported 60 tons in 1876, 47 in 1877, and 
42 in 1878. 

The New York exports were 166,703 lb. in 1878, and 28,662 lb. in 1879. Philadelphia shipped 
5883 lb., value 1587 dol., in 1879. Galveston exported 54 packages in 1876-7, and 142 in 1877-8. 
ChUi produces much beeswax, especially in the provinces of Santiago and Colchagua ; the exports 
were 134,511 kilo., value 121,058 pesos of (3s. 9d.), in 1870, and 98,087 kilo,, 83,779 pesos, in 1874. 
The Indians on the Orinoco and Amazon collect the wax of a peculiar bee, called andaquies, much 
resembling ordinary beeswax, and having similar local uses. The shipments from San Domingo 
in 1879 were : — 164,000 lb. to the W. Indies, 19,500 Italy, 13,400 Spain, 9500 United States, 7300 
France ; in 1880 ; — 126,535 lb. W. Indies, 50,400 United States, 42,250 Spain, 37,250 Italy, 4270 
Great Britain. The Bahamas exported 97/. worth in 1876, 29/. in 1877, 15/. in 1878, and 89/. in 1879. 

The approximate London market values of beeswax are : — American, 51. 10s.-6/. 17s. 6c/. a cwt. ; 
Jamaica, 5/.-7/. 15s. ; Gambia and Mogador, 5-6/. ; Madagascar and Zanzibar, 51.-51. 5s. ; E. 
Indian, 5/.-6/. 10s. ; ditto white, 6/. 10s.-9/. ; Australian and Cape, 5-7/. 

Beeswax is obtained by melting the combs, after expression of the honey, in boiling water, on 
which it soon floats ; it is left to cool, then remelted without water, and run into moulds of various 
sizes and forms. In this state, it is known as “ yellow ” or “ virgin ” wax, and is used for floors, 
and for making sealing-wax, lithographic crayons, and mastics. When bleached as described on 
p. 586, it is employed in candle-making and modelling figures, flowers, and other objects. The 
quality ^ mainly judged by the facility with which a sample bleaches ; some, as that from the 
neighbourhood of Bordeaux, can scarcely be bleached at all. 

Beeswax is adulterated to a very large extent, and with very numerous substances. Mineral 
adulterants may be detected by dissolving 1 grin, in 5 qrm. of chloroform, warming if necessary. 
If a sediment remains, it can be examined to ascertain the constituents ; turbidity of the solution 
when cold indicates a resinous body; milkiness, with transparent globules on the sides of the 
vessel, points to a vegetable wax. The presence of large quantities of paraffin is revealed by 
digesting with concentrated sulphuric acid at a moderate heat, by which the wax will be charred 
and dqgtroyed, while the paraffin will remain floating on the acid ; another simple test is the 
ready and complete solubility of pure wax in boiling concentrated alcoholic potash (1 part 
potassium hydrate, 3 parts 90 per cent, alcohol), while the paraffin will form a supernatant layer. 
Stearic acid is detected in the clear chloroform solution on shaking 2 yrm. suddenly with 12-15 
grm. of lime-water, when a lime soap forms ; also by digesting the snspected sample in a dilute 
solution of sodium carbonate at a temperature above the melting-point of wax (say 65°-70° [149°- 
158° F.]). :^osin and Burgundy pitch may be discovered by adding water to a cooled boiled 
solution of the sample in 1 part water and 2 parts 90 per cent, alcohol, when cloudiness is pro- 
duced. Vegetable waxes may be detected by boiling a little of the sample (O' 3-0 -4 grm.) in 
6-8 ccTof water holding 0'5 grm. of V)rax in solution ; genuine beeswax forms a clear supernatant 
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fluid, while vegetable waxes produce a syrupy, gelatinous, or stiff mass, according to their^proportions. 
Tallow may be revealed by the evolution of acrolein on boiling in a test-tube. 

Carnauba-wax. — ^The camauba palm (Copernida [Coryphi] ceriferd) is a native, of Brazil, 
growing in prodigious numbers in the province of Pernambuco, and extensively also in Bio Grande 
do Norte. The fan-like leaves are ranged in a tuft at the top of the hard solid stem when 
mature, they are covered with a thin coating of waxy material, for the collection of which they are 
gathered, and laid on cloths in a cold dry place, when they shrivel and shrink, causing the wax 
to crack and peel off in small flakes. These flakes are collected, melted in earthen pots, and 
turned out when cold, forming lumps weighing 3-4 lb. each, and bearing the shape of the melting- 
pot. In some districts, it would appear that the young undeveloped shoots and leaves are similarly 
utilized, being out before they unfold, sun-dried, powdered, and boiled, the wax then rising to the 
sur&ce, and being easily gathered. The supply is very far short of what it might be. The exports 
from Pernambuco in 1875-6 were : — To Great Britain, 9138 iilo., 3121. ; Germany, 9530 kilo., 446i. ; 
in 1876-7, Great Britain, 116,872 kilo., 4622?. ; Germany, 55,108 kilo., 23351. ; in 1877-8, Great 
Britain, 83,530 kilo., 2958/.; Germany, 5952 kilo., 2101. ; 1878-9, Germany, 1542 kilo., 61/. The 
exports from Ceara in 1878 were 5567 kilo, to England, and 12,889 to Hamburg. Liverpool im- 
ported 80 tons in 1878, 13 in 1879, and 40 in 1880. The market value ranges between 35s. and 
85s. a cwt. Camauba-wax is rather brittle, of a waxy or resinous lustre, and light sulphur-yellow 
colour, which, it is said, cannot be removed or destroyed ; it melts at 84°-97° (183°-20^ F.), 
according to different authorities, and has a sp. gr. of 0-99. It is largely used as a substitute for 
and adulterant of beeswax. The tree is valuable for many other purposes, including the flbre of 
its leaves (see p. 940). 


Cbinese White Wax, or Pe-la.— This wax is the joint product of an insect (Coccus Pe-ld) 
and one or more kinds of tree, according to some, Fraxinus chinensis, according to others, Ligustrum 
Ivcidum, natives of Cliina, notably the province of Szechuan, and in less degree that of Shantung. 
Whether the wax is an excretion from the insect itself, or an exudation from the tree caused by the 
punctures of the insect, does not seem to be clearly settled ; but tbe operations comprised in this sort 
of farming are as follows. In Shantung, especially in the neighbourhood of Lai-yang, in the east, 
where the trees are plentiful, the insects are bred and the wax is produced in one and the same 
district ; the insects are put out in the spring, the wax is gathered at the end of the summer, and 
the insects are then collected from the trees and preserved indoors until the following spring. 

But in Szechuan, it is found that while the insect breeds most satisfactorily in Keen-chang 
the production of wax is far greatest in the department of Kea-ting Foo. These facta are 
availed of by the wax farmers, who, abont the end of April, convey the pregnant and wonderfully 
proliflo females (whose pea-like appearance leads the Chinese to suppose that they are merely 
eggs) from the breeding district to the wax district. The journey occupies abont a fortnight on 
foot, and has to be performed at night, as exposure to the sun’s heat would precipitate the 
batching, which must not take place until after the females have been attached to the trees. On 
arrival, 6 or 7 females are wrapped together in a palm leaf, and attached to the branches, where 
they soon give birth to innumerable microscopic progeny, and die. The young insects swarm over 
the twigs of the tree as a brownish film, but avoid the leaves. As they grow, they puncture the 
twigs in all directions, and the result is an incrustation of white wax. 

No care is needed while the insects are on the twigs, as they have no enemy, not even being 
touched by ants. About the latter end of August, the twigs are cut off and boiled in water when 
the wax melts and floats; it is remelted without water, and poured into deep pans, where it cools 
to a translucent, highly crystalline, brittle, snow-white mass, fusing at 82° (180° F.) and generally 
resembUng spermaceti in appearance. The yield is at the rate of 2-3 catties (of li lb) of wax 
from 10 tads (of 1^ oz.) weight of females. The average annual value of the crop is said to 
amount to 650,000/. Hankow, in 1879, exported 6943^ picah (of 133^ lb.), value 97 997/ Ichano- 
shipped 60 jMca/s, 482/., in 1878, and 438 piculs, 4156/., in 1879. Newchwang despatched 1100 n/c«/s 
in 1877, 762 in 1878, and 256 in 1879. The exports from Shanghai were 4432i pimh in 1878 and 
6542 in 1879. The wax is frequently adulterated, and often contains 15-20 per cent of water’- its 

uses are similar to those of beeswax, but it rarely appears in European markets. 

. Cor^era Wax.-The so^alled wax-tree or varnish-tree of the Cordilleras {Elexagir. uhTls) 
IS remarkable for tte quantity of green waxy matter which is secreted by the stipules that invest 
the unex^ded buds This wax is collected by the Indians, and emplyed b; "ttm to vS 
boxes, and o^er <>bj^ts. For thm pm^se, it is purified by immersion in hot water ; ite fragili^te 
then corrected by chewing It until it becomes ductile, after which it acquires a yellow Ct and s 
ready for the addition of eolounng matters. ^ y w tint, and is 

Fig-tree Wax. -A kind of vegetable wax is obtained in W. and Central Java.and in S F 
Sumatra, from Ficus umhellata, the ge<aA-/aAo« of the Malays It is • i, j 
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Ibota "^ax . — This is attributed by A. Meyer to the influence of an insect which feeds on 
Ligustrum Ibota. It is probably identical with the ordinary Chinese white wax. 

Tndin-n White Wax. — This is produced by the female of Ceroplastes ceriferus, an insect 
allied to the pe-la of the Chinese, whose product is so largely used for making candles for the 
Buddhist temples. The Indian insect deposits its wax in small masses upon the twigs and branches 
of several trees, but more particularly on the arjun (Terminalia Arjuna) ; it does not appear to have 
ever been propagated, nor has the wild product been collected in quantity. Though an article of 
undoubted value, it would perhaps scarcely repay expenditure of European time and capital ; but 
the natives might surely render its cultivation a very profitable undertaking. The wax is soluble, 
or nearly so, in boiling alcohol, also in benzine and ether, but only very slightly in turpentine and 
carbon bisulphide. It is found at many widely-distant points throughout Sirguja, and is abundant, 
and suitably situated for experimental cultivation, on the arjun-trees growing upon the embankment 
of the Purulia lake. 

Japan Wax. — This is afibrded by several species of Bhus, the most important being 
B. succedanea, which flourishes especially in the W. provinces of Japan, as far as 35° N. lat. ; 
second in order is B. vernicifera (see p. 1692), which extends to 38° ; and finally B. syhestris. 

The cultivated wax-tree (B. succedanea) was originally imported from the Loo-Choo Islands, but 
growers now distinguish 7 different varieties. The tree flourishes in great abundance on the moun- 
tainous declivities of the island of Kiushiu, and in the provinces of Higo, Hizen, Chikugo, an<l 
Chekuzen, but less plentifully in Satsuma. It is planted along the road-ways, and around the 
edges of most cultivated fields, except rice-land, when 2 years old, at distances of about 3 ft. 
between the stems ; when set in squares, the interval is doubled. It is kept low by topping, aud 
pruned to a pyramidal shape ; propagation appears to be effected by shoots from the root. According 
to Simon, in the 5th year after planting, each tree gives 4 lb. of berries, 6 lb. in the 8th, 18 lb. in 
the 10th, 40 lb. in the 12th, 60 lb. in the loth, and declines after the 18th year ; 4 lb. of berries 
should yield 1 lb. of wax. 

The tree puts forth new leaves in April, blossoms in June, and ripens its berries in October- 
November. The berries are of the size of small peas, united in bunches ; tjie wax is contained 
between the kernel and the outer skin. The bunches are gathered, sun-dried for a few days, and 
stored in straw ; when sufficiently mature, they are threshed free of stems by means of bamboo 
flails. The process for preparing the wax much resembles the local method of husking rice. A 
wooden tilt hammer worked by hand falls into a wooden funnel-sbaped trough containing the 
berries. In time, the husk and pulp of the berries are reduced to powder, while the kernel 
remains, and can be separated by a sieve. The mass is then dropped piecemeal from a height, a 
current of air being blown across the path of descent to remove the chaffy husk, which is afterwards 
collected and worked over again. In Sikok, it is said that a small percentage of inferior wax is 
obtained by grinding the kernels. The sifted and fanned powder containing the wax is steamed in 
hempen sacks laid on bamboo wicker-work, placed over a caldron. The sacks and their contents are 
then subjected to considerable force in wooden wedge-presses, and the wax that escapes is moulded 
for the market. Sometimes the flow of wax is hastened by the application of a little ye-no-abara, the 
oil of Perilla ocimoides. The crude wax forms a coarse, greenish, tallow-like mass, amounting to 
about 15 per cent. (Simon says 25) of the weight of the berries ; it is thus used for making ordinary 
candles. 

For special purposes, the wax is refined in the following manner. It is first melted, pressed 
through strong cotton sacks, and dropped into moving cold water, by which means it is produced 
in crumpled thin flakes, ready for bleaching in the sun. With this latter object, it is laid in shallow 
baskets, 2J ft. long and 1 ft. broad, placed in long rows numbering some thousands, in the open air. 
Here it is repeatedly turned, according to the intensity of the sun’s heat, sprinkled with water, and 
melted again if necessary. It is then perfectly white. 

For export, it is now often cast into large cubes weighing 1 picul (133i lb.), instead of the con- 
ventional saucer-shaped cakes 4-4J in. diam. and 1 in. thick. The chief marts for the article are 
Nagasaki, Hiogo, and Osaka, whence it is sent largely to China, and in smaller quantity to Europe. 
The total exports were 1128 tons, 43,128?., in 1874 ; the total value in 1875 was 37,249/., and in 
18f7 ajjont 47,250/. The London market value is about 57-80s. a cwt. for ordinary, and 55s.-67s. 6d. 
for inferior. It is often largely adulterated with water, which it takes up when melted with it to 
the amobnt of 30 per cent. It is extensively employed for making candles and wax matches ; 
its melting-point is 42°-55° (107°-131° F.); when old, it is soluble in boiling alcohol and 
warm ether, but separates on cooling. The cultivation of the shrub has been commenced in 
California. 

Koga Wax. — This name is given by Meyer to a wax which he attributes to Cinnamomum 
pedunculatum, of Japan ; it is softer than Japan wax, and has not come into Euro^an commerce. 

Myrica-waxes. — Several kinds of vegetable wax are obtained from species of ifyrica, the 
most important of which is M, cei-ifer^, often called on that account the wax or candU-berry myrtle. 
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though distinct from the true myrtle (J/yriits). Myrica caroSnensis is much est^med in the 
S. States of America, M. caracassatia in New Granada [Colombia], M. cordifolia, M. querai folia, and 
M. ladniata in the Cape of Good Hope, M. faga in the Azores, and M. sapida in China. The fruits 
of all these species are covered with a waxy coat, which is collected by boiling them in water, and 
straining the supernatant wax through a cotton cloth. The melting-point is stated at about 48° 
(118° P.). It is used as a substitute for and adulterant of beeswax, having a greenish-yeUow colour ; 
4 lb. of berries are said to aiford 1 lb. of wax. 

Ocuba- or Otaba-wax. — Much uncertainty surrounds the origin of this vegetable wax, and 
there is considerable probability that it is identical with the concrete fat or wax called bicuhiba or 
acuhiba (p. 1379), obtained from Myristica Bicuhiba. Wiesner is positive on this point. The yield 
is stated at 18 per cent, of the fruits. The article is not yet known in Eruope. 

Ozokerit or £artb-wax. — There are many forms of mineral wax, all of which are hydro- 
carbons, mostly crystallizable, and differing mainly in the temperature at which they fuse. 
Generally they are met with in or near petroleum sources (see pp. 1433-47), and appear to bear a 
close relationship to petroleum and coal. 

On the southern littoral of Lake Bal-Khash, in Turkestan, large veins of ozokerit have recently 
been found. Deposits exist at Monte Zolo, not far from Savignano, in the valley of the Samoggia, 
province of Bologna. A large quantity was lately discovered near Gisborne, New Zealand. A bed 
measuring 60 miles long, 20 miles wide, and 20 ft. thick has been reported to exist in S. Utah. 
But Galicia remains the chief source of mineral wax, the working of which deposits is inseparably 
associated with that of petroleum (see p. 1434). The low price of the liquid oil renders the solid 
wax much sought after, for which purpose, shallow horizontal levels are driven, the beds of wax 
often measuring only 1-3 in. thick. Much gas is evolved from the wax in working, necessitating 
ventilators and safety-lamps. The wax is refined for the market hy melting in open or steam 
boilers, after being washed and cleansed at a loss of 10-30 per cent., and is then moulded in masses 
of 1-2 cwt. It is obtained at a cost of about 14-18s. a cwt., and sells when refined at 22-26s. The 
Boryslav district yielded 325,000 cwt. in 1873, and Wolanka 25,000 cwt. It is further refined, both 
in Vienna and in Fr?nkfort-on-the-Oder, by means of concentrated sulphuric acid. Its chief uses 
are in candle-making (see pp. 589-90), for the manufacture of illuminating-gas, and as an adulte- 
rant of beeswax ; its presence in the last-named article is readily detected by its indestructibility in 
sulphuric acid, while beeswax is entirely destroyed. 

Dalm-wax.— This name was given by Humboldt to the wax obtained from Ceroxylon andicola, 
a palm indigenous to the highest parts of the cordillera of New Granada [Colombia]. The wax 
forms a natural exudation from the trunk of the tree, whose bark is scraped (after felling) for its 
collection; the scrapings are boiled in water, and the supernatant clean wax is skimmed off. Each 
tree yields about 25 lb. The melting-point of the wax is 72°-83° (161°-181° F.). It is extensively 
made into candles for local use, preferably in admixture with tallow. 

Detka,. This is a Punjabi term for a waxy substance which collects as a kind of bloom upon 
the surface of the fruit of the white gourd of India {Benincasa cerifera), in sufficient quantity to be 
collected and made into candles. 


WOOL (Fn., Laine ; Geb., WoUe). 

Wool forms but a branch of the fibrous clothing of animals known as hair (see pp. 1093-9), and 
is dmtingnished from hair solely by being curly and serrated. It constitutes the most important 
textile material derived from animal sources, and demands consideration both in its commercial 
and in its manufacturing aspects. « 

Commerce.— The extent of the commerce in wool in which this kingdom is interested is shown in 
the subjoined table of our importations of that article in the years 1876-80 : 


Countries. 

Quantities in lb. | 

1876. 

1877. 

1878. 

1879. 

1880. 

fiussia . . * . . . 

2,680,527 

11 

,384 

569 

3,487,461 

5 

,351,930 


Denmark • . . . 

2,746,462 

2 

,041 

,994 

1,992,412 

2 

,538,395 

2,029,379 

Germany . . . . 

8,371,649 

9 

617 

,450 

4,560,485 

4 

31»,S18 

7,173,932 

Holland . . . . 

3,168,297 

1 

610 

236 

2,195,134 

2 

636,188 

2,804,905 

Belgium . . . . 


2 

695 

010 

2,774,929 

3 

709,313 

5,034,066 

France 

1,675,527 

2 

355 

810 

2,054,159 

5 


9,057,016 

Portugal . . . . 

1,559,144 

1 

868 

999 

1,864,167 

1 

595,232 

2,964,637 

Spain 

6,442 


169 

848 



399,900 

1,576,097 

Italy 

87,775 


64 

676 

45,535 


42 545 

320,656 

Austria . . • . 

117,342 


24 

139 

21,768 


85.245 

531,431 

Greece 

560 


16 

207 

36,302 



99,300 

Europ. Turkey . . 

2,053,713 

2 

846 

923 

2,300,503 

1 


3,517,822 

Asiat y, . . 

4,905,433 

4 

366 

701 

8,945,364 

5 

374,726 

8,913,789 

Egypt 

3,569,808 

4, 

438 

143 

2,589.859 

2 

125,996 

2,817,342 

jMorocco . . . . 

2,190,278 

2 

879 

916 

2,521,880 


093,885| 

2,964,023 

China 

592,420 


473 

680 

1,220,472 


423.8541 

476,353 


Values in £, 


1876. 

1877. 

1878. 

I 1879. 

1880. 4 

125,447 

528 

,743 

142,691 

184 

,855 

235,559 

151,542 

115 

,855 

105,154 

106 

,922 

103,361 

577,450 

I 585 

,292 

296,931 

261 

957 

^99,735 


[ 112 

,404 

148,784 

110 

,^51 

126,601 

175,106 

1 156 

,608 

162,737 

220 

,536 

307|578 

98,157 

1 124. 

,247 

106,773 

274, 

,133 

444^009 


93 

,172 

90,165 

70 

,711 

143,624 


5, 

,923 

7,960 

17, 

,159 

62'695 

5,221 

4, 

,749 

2,661 

1, 

,497 

14’l65 

5,574 

1, 

,150 

1,160 

3, 

,506 

20,468 



603 

1,339 


7 


^ 5,048 

107, 

,067 

99,834 

31, 

,988 

Il7i370 


193, 

,785 

383,569 

231, 

,323| 

368^439 


182, 

849 

113,107 

107, 

,92l| 

109,105 

85,094 

116, 

711 

97,427 

42, 

.764| 

130^178 


18, 

112 

48,032' 

17, 

,(1^7 

15 >69 
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Countries. 

• 


Quantities in lb. 


Values in £. 



18Y6. 

13??. 

18?8. 1 18?9. 1 1880. 

1876. 

1877. 

1878. 

1879. 

1880. 

United States 


343,410 

418,509 

938,239! 190,165' ?13,085 

21,206 

23,568 

44,5?1 

8,977 

34,687 

ifew Granada 


142,842 


106,153 174,639 284,6^9 

6,724 


3,820 

7,408 

11,296 

Peru . . . . 


3,132,951 

3,292,962 

2,731,453 2,537,897 1,144,660 

156,335 

170,479 

133,804 

98,484 

61,871 

Chili . . . . 


227,313 

534,249 

670,1261 1,500,138' 1,641,025 

15,227 

6,147 

39,602 

34,444 

60,326 

68,973 

Brazil . . . . 


172,230 

150,263 

2,1171 3,619 7,559 

4,624 

49 

126 

292 

Uruguay 


1,005,450 

940,001 

??1,668, ?5,661] 426,463 

47,168 

35,480 

28,736 

3,181 

22,100 

Argentine Repub, 

2,553,258 

5,943,034 

1,663,215! 3,130, ?38| 2,566,52? 

96,423 

209,224 

59,891 

117,473 

97,188 

Malta and Gozo 


112,846 

311,977 

81»39l| 21,928: 268,166 

6,126 

14,563 

480 

3,045 

765 

10,607 

SL Helena . . 


1,200 

10,000 

254) 7,212 9,531 

40 

12 

221 

331 

Cape . . . . 


35,424,089 

32,912,225 

30,G?0,?16 36, ?26,410 42,226,044 

2,376,322 2,224,272 2,060,345 2,267.944 2,761.852 

Natal . . . . 


6,7ai,228 

8,695,553 

10,285,232, 9,199,884 9,159,795 

379,079 

518,379 

568,111 

502,539 

479.536 

Brit. India . . 


24,453,817 

21,566,0?4 

27*032,72d'22,202,554 29,190,049 

936,672 

853,820!i,030,394 

??3.?»0‘1.123.652 

W. Australia 


2,349,813 

2,466,530 

2,396,540. 2,523,913 2,831,986 

142,504 

150,039 

146,202 

157.589 

179,833 

S. Australia - . 


38,117,850 

43,684,778 

44, 02S,326'46,181, 518 44,799,118 

l.?53, 618 2,043,93912,081,538 2,158,932 2,165,858 

Victoria 


96,930,460 103,351,169 

94,340,339 93,655,501 94,512,721 

?, 188, 480 ?, 486, 916 6,598,508 6,614,4?! 6,50?,?65 

New S. Wales 


53,445,792 

67,651,282 

54,534,117 64,059,824 76,965,651 

3,31?,202 3,533,95?!3,290,046 3,800.542,4,?22.?82 

Queensland . . 


14,402,214 

13,983.858 

15,959,679 14,018,302 13,549,431 

848,996 

397,390 

843,907 

930,316 

816,158 

839,130 

Tasmania . . 


6,037,883 

6,435,573 

6,319,080 6,923,363 7,003,001 

419,242 

410.680 

448.176 

436.049 

New Zealand 


52,585,145 

53,673,873 

58,594,062 60,437.190 60,964,640 

2,997,579 3,112,469 3.238.026 3,330,076 3.503.675 

Canada . . . . 


65,980 

62,200 

406,159; 90,982 24,536 

2,991 

4,514 

23,012 

3,920 

1,420 

Falkland Is. . . 


854,164 

911,259 

1,335,798| l,123,444j 1,633,971 

42,212 

45,955 

66,557 

47,797 

75,493 


The manufacturing qualities and varieties of wool are more convenientlj dealt with under the 
article Woollen Manufactures (see pp. 2049-57). 


WOOLLEN BLANTJEACTTTRES (Fb., Industrie lainiere ; Ger., WoHmanufactur). 

The pages of history afford ample testimony that the manufacture of wool was one of the earliest 
occupations, and probably the first textile industry in which mankind engaged. Tlie early domesti- 
cation of wool-bearing animals affords presumptive evidence in favour of this conjecture. Though 
pastoral and agricultural occupations have moat likely existed side by side from the remotest times, 
the former would allow more opportunities for observation and reflection than the latter, whilst the 
natural covering of the sheep and the goat could hardly fail to suggest its utilization for clothing 
purposes. Agriculture, on the other hand, would require to be followed for a considerable time 
before the uses of fibre-bearing plants would be discovered, whilst, from that point, great steps in 
progress would be needed in the preparation and application of the product before tliese respective 
ends could be attained. 

The manner iu which the evolution of the utilization or manufacture of wool proceeded may 
easily be conjectured. Sheep and goats, from their comparatively defenceless nature, their large 
numbers, and the rich and abundant supplies of food their milk afforded, would soonest become 
subject to domestication. It does not appear that in early days their flesh was eaten or otherwise 
availed of. The wool annually shed would probably be collected in the first instances by the shep- 
herds, to afford a soft and warm covering whilst tending their flocks at night. This would lead to 
its transfer for the same purpose to the dwelling-place of the family. As population increased, and 
nomadic habits were engendered by the necessity of seeking fresh pastures for the flocks and herds 
of the patriarchal races of mankind, they would be led to leave the plains and valleys, and seek the 
uplands and mountain plateaux, where pastures remained green and water was abundant during 
the heat of summer. Here, the normal temperature bring so much lower, and that of the mountain 
plateaux especially being sharp and keen, would render personal clothing welcome, if not a 
necessity. Mhat so accessible, readily adaptable, and so perfect, as the skins of sheep and goats ? 
Hence their adaptation for clothing and tent purposes, for which' uses they have hardly been yet 
discontinued. Subsequently, the felting property of wool was discovered, probably by observing its 
tendency to become matted in that manner on certain parts of the animal under peculiar conditions. 
Amongst the nomadic tribes of Central Asia, felt fabrics are still in extensive use for the con- 
struction of tents. 

That the textile arts were invented during the prehistoric period, is an undoubted fact, and one 
that fully accounts for the little that is known of tlieir origin. Tliere are many claimants 
amongst ancient nations for the honour of their invention, but when tiie best and most authentic 
testimony is impartially weighed, it seems to point to the conclusion that the award is due to Egypt. 
Few persons can be dissatisfied with this result, because that country at the dawn of recorded 
history was already in the enjoyment of a high degree of civilization. Singularly enough, it is also 
the only country which gives us tangible proof of the excellence to wliich the art of spinning and 
weaving had attained in remotely ancient times. We owe this evidence to the curious custom, pre- 
valent in that country, of embalming the dead, in which process the bodies were swathed in numerous 
folds of cloth. This cloth is in many instances of the most beautiful texture. It is in all cases 
composed of linen, and not of cotton, as was once generally believed. Usually it is found torn into 
strips.or filleting, and wound spirally around the bodies. Recent discoveries of mummies of kings 
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beltmging to the earliest dynasties that ruled over the country have carried' this demonstrative 
evidence several centuries further back than was previously known. Though the cloths thus 
singularly preserved are all composed of one textile material, it derogates notl)ing from the streng^th 
of the assumption that at least equal excellence liad been attained in the manipulation of wool. 
'We have ample testimony that the sheep was a highly esteemed animal in Egypt, constituting 
there as elsewhere the chief element of wealth. The utilization of its fleece would be obvious. 

Whether spinning or weaving was invented first, is now hopelessly beyond discovery, though 
the conjecture may be hazarded, with a great probability of truth, that it was the latter. The form 
it would probably assume would be the interlacing of vegetable reeds obtained from the banks of 
rivers, which art in some places has survived to the present day. The discovery of a method of 
making a continuous thread from short fibres, most probably wool, by draught and torsion, would 
place a highly increased power in the hands of the weaver, and enable him to produce a fabric of 
greatly enlarged dimensions. The art of spinning is one of the most important developments of 
human ingenuity, and has probably contributed more to the comfort and happiness of mankind than 
any other single invention. It would be interesting, if possible, to divine how it occurred. There 
is a probability that the world is indebted for it to some ancient shepheid boy, who, whilst 
reclining in the shade with his flock grazing around him, laid hold of a stray lock of wool within 
reach, and amused himself by pulling it into a light mass ; maybe be then began to twist a few of 
the fibres between his fingers, drawing them out at the same time, and observing that he could 
thus produce a continuous thread. He may or may not have realized the fact that he had made a 
great discovery : probably not. Assuming the correctness of this supposition, the first thread was 
woollen, not worsted— a difference that will be explained subsequently. 

At the dawn of the historie period, the twin arts of manufacturing flax and wool rise into view 
together, showing a parallel advance. At that time, the Egyptians had so far perfected and 
organized the industry, that rudiments of the modern factory system are discoverable amongst their 
remains. These are found in the paintings on the mummy cofBns and the interiors of their tombs. 
That wool was one of the materials extensively wrought up into fabrics, scarcely admits of a doubt, 
and the fact that no specimen of the cloth has come down to modem times probably arises from the 
certainty that its nature unfitted it for the particular use that has preserved the linen one. With a 
linen fabric, the dead could be swathed much more firmly and closely than with one of wool, owing 
to the perfectly extended form of the fibres in the former, whilst the latter can scarcely be freed 
from its natural curvature. During their sojourn in Egypt, the Israelites acquired a knowledge of 
the native spinning and weaving as there practised. On their departure, and during their wander- 
ings in the wilderness, it is stated that, on the occasion when contributions were being made for the 
construction of the tabernacle, the women who were wise-hearted spun with their hands, and 
brought in the yam, the blue and the purple, the scarlet and the fine linen, which others were inspired 
to work up into suitable fabrics. A prohibition issued during the same period incidentally reveals 
that union fabrics were customarily made even at that early time, for it is ordered that “ a garment 
mingled of linen and woollen shall not come upon thee.” The sacred writings, through all the 
subsequent history of tiie Jewish nation, afford plenty of testimony to the high development of the 
textile arts, not only amongst themselves, but also among neighbouring nations, the Egyptians, 
Assyrians, Babylonians, Phoenicians, and others. In a similar manner, classical writers reveal the 
condition of these arts amongst the Greeks, the Komans, and their contemporaries, the less civilized 
nations who successively fell under the influence of their dominion. In a previous article (Linen 
Manufactures), their progress has been traced, and as the manufacture of wool and flax appear to 
have always advanced hand in hand, any further detail here would be needless repetition, f 

The instruments in use were the same for both industries, being the distaff and spindle for 
spinning, and, as occasion required, both the vertical and the horizonlal loom were employed. All 
improvements that took place subsequently were equally applicable to both purposes, and were 
adopte'd by both classes of workers as quickly as the limited means of communication ’permitted 
Coming down to modem times, in which more nicety of manipulation has been attained, a greater 
divergence in the processes has been introduced, arieing from more regard being paid to the 
essentially different nature of the two materials, wool and flax. Duiiug the current century 
a great advance has been made in the productive capacity of the woollen industry, owino- to tbi 
introduction therein, with the necessary modifications, of the remarkable inventions’ that have dis- 
tinguished the growth of the cotton trade, and have placed it in a position of such notable 
eminence. ThU example has also been of indirect benefit to the woollen industry by stimulatin°- 
independent invention, which has not been inconsiderable of late years. ’ ^ ” 

The manufacture of wool, including in this term aU cognate fibres, is, after cotton the most 
important textile industry of Great Britain. The raw material consumed in the mmufacture 
is chiefly composed of the foUowing All varieties of sheep’s-wool, alpaca, mohair, goats’ hair and 
camels’ hair; in addition to these, are several minor articles, the most important being sb^dv 
mungo, and extract, all of which are manufactured wools, produced in a manner to be Ljfained 
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hereafter ; an^ such fibres of vegetable origin (cotton, flax, China grass, rheea fibre) as, with silk 
and silk waste, are consnmed in the production of nnion goods, and generally form the warp 
of the fabrics. 

The industry is separated into two great divisions, primarily dependent upon : (1) the class of 
wool, and (2) the method of manipulation. To a certain extent, the first dictates the second. 
These two are the woollen and the worsted trades, each being subdivisible again into several minor 
branches. 

The woollen industry takes for its raw materials chiefly the fine, short, felting wools, technically 
denominated ‘‘ clothing ” or “ carding ” wools, to which are added the manufactured wools : 
“ shoddies,” “ mungos,” and “ extracts,” the nature of which will be explained subsequently. 
Along with these, in the formation of union goods, silk, and the several vegetable fibres before 
named, are consumed. From these, are produced the fine cloths of the West of England, Leeds, 
and other places, and those of several centres on the Continent ; the heavy fabrics of the Hudders- 
field districts ; the tweeds of Scotland and Ireland ; and the shoddy cloths of Dewsbury, Batley, 
and Morley, which include all ranges and qualities, from the finest to the coarsest, and the lightest 
to the heaviest, for mate and female wear. 

The worsted division, for its share of the raw materials, claims all the long, or “combing” 
wools, as they are termed, represented by the wools obtained from the Leicester breeds of sheep 
and the varieties which have been developed from them. Mohair from the Angora goat, the fleeces 
of the llama, alpaca, and vicuna, and similar animal products, are also included in this division. 
These are supplemented by the same class of vegetable fibres and silk as in the preceding division. 
The product from them consists of an extensive series of light goods, having very numerous desig- 
nations, but substantially consisting of fabrics that generally may be termed “ lustres,” “ mohairs,” 
“ alpacas,” “llamas,” &c. Union cloths from each of these fibres are also made, silk or cotton, and 
occasionally other materials, being employed for warps. Bradford is the centre of the district pro- 
ducing worsted goods in all varieties, whose values extend from 3s. down to 2d. a yd. for low union 
goods. Formerly Norwich was the centre of a great trade in worsteds, but its importance has been 
declining for a long time past. Fashion and other causes have also conspired to depress the industry 
and commerce of Bradford and district during the past few years, so that comparatively little enter- 
prise has recently been exhibited, save in individual cases where efforts have been made to adapt the 
machinery to the production of the softer classes of fabrics now extensively in demand. 

Structure of the Fibre . — The mechanical structnre and chemical composition of the wool fibre 
constitute its most important manufacturing characteristics. In every process during its fabrica- 
tion into textures, regard must be paid to these, but especially to the first-named ; the second, which 
makes it a bad conductor of heat, is the quality that peculiarly fits it for use as a material for 
clothing purposes, particularly in temperate and cold climates. 

The mechanical structure of the wool fibre always formed the chief basis of its commercial value, 
even before its true nature was discovered. Though wool has been in use for its present purposes 
during several thousand years, and its valuable properties have been known for the same time, the 
peculiar structure on which these properties depend has only recently been discovered. The cir- 
cumstances connected with this interesting event, which took place on the 7th February, 1835, are 
fully narrated by W. Yonatt, in his valuable treatise upon sheep. In the course of his inquiries, 
he directed his attention to the nature of wool, in order to discover the cause of its felting property, 
and called in the assistance of Powell, an artist engaged in the manufacture of the best microscopes 
known at that time. Their eflbrts were rewarded with complete success, as the microscope revealed 
all detailS^f the construction of the wool fibre. The same instrument has been further utilized for 
the purpose of discovering the minute difierences that, judging from the varying efiect produced in 
the manipulation of various kinds of wool, it was inferred must exist. These have been recorded by 
many inquirers, and the sum of the information thus obtained agrees almost perfectly with .the 
results of experience. 

, The wool fibre is curly, and to a certain extent elastic. Its surface is covered with scales or 
imbrications, differing in number and shape according to the species and even variety of the 
animal from which the fibre has been obtained. The most important differences also exist in 
the fleece of the same animal, which fact renders necessary the process of sorting. Between wool 
and hair,’ the differences are even greater still. In the latter, the scales or imbrications are so 
imperfectly developed, even if in some sorts they exist at all, that the article until quite recently has 
been incapable of use in the same way as wool, Eecent improvements in the manipulation have, 
however, led to the successful introduction of hair for purposes of admixture with wool, and its use 
is now rapidly growing. Those which have been received with most favour, and have, either alone 
or mixed, been most successfully used, are the hairs of the alpaca, the llama, the vicuna, the 
Angora goat, and the camel, which are all more nearly allied to wool in structure than other 
animal hairs. Fig. 1437 sufficiently illustrates the mechanical structure of the wool fibre, and its 
variation^n the different varieties of sljpep. , 
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The figOTSi are to some extent typical : A is from a fleece of the celebrated memo xariety of 
Aeep, for which the modem world is so deeply indebted to Spain; the characteristics of this wool 
may he snmmed up briefly as follows : staple, short ; quality, very fine ; colour, generally white ; 
most suitable for carding purposes. E is a fibre of Saxony wool, the animal yielding it being a 
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sub-vanety of the preceding, a cross between the merino and the best native sheep of Saxony The 
wool produced by these animals demonstrates the advantage of high and careful culture being 
cl^assed along with Si esiM, a ™b-vanety of the merino, the finest wool in the world 

charactenstacs resemble those of A. It is sometimes used Jor combing purposes. The SdXdom 
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(B), and those breeds of which it forms the basis, constitute a variety of the common sheep. Its 
wool is in afi cases short and fine, except where it has been purposely crossed with long-woolled 
varieties in order to procure a medium wool. The product is used for both combing and carding. 
The Leicester (C) and Lincoln (D) represent our long-woolled varieties of sheep. The staple is 
long, and the quality ranges -from coarse to very fine. In Yorkshire, Nottingham, Lincoln, and 
Leicester, these two varieties yield a highly lustrous wool, approaching mohair (H) and alpaca 
in brilliancy. These are technically known as “lustre” wools. So far as is known, this wool 
can only be grown in the four counties above named. When the pure Lincoln or Leicester sheep 
are transferred to other countries, or even other parts of England, the fieece rapidly loses its 
brilliancy. Common wool (F), goat-hair (G), cow-hair (I), and human hair (J), are also shown. 
The carding or short wools are distinguished by a finer fibre and a greater number of imbrications 
per lineal inch, Saxony and Silesian wools being only in. diam., S-SJin. in length of 

fibre, and having 2700-2800 imbrications an inch. Merino falls a little below these, and ^uthdown 
as mnch further, the last-named being in. diam., and having only about 2000-2100 serrations 
in an inch. When a wool fibre has a less diameter than in., it is denominated a coarse wool, 
and so regarded in the trade ; as the length of staple increases, the number of imbrications diminish. 
These changes render it unfit for clothing purposes, as its felting property is thereby reduced. 

It is believed that the method of growth of the wool fibre is somewhat as follows. The skin of 
most animals is organically formed for the production of hair, in this term including wool. The 
length and thickness of the hair is regulated by a law of nature, and is perfectly adapted for its 
purpose, changing in several respects in the different parts of the body. The shape varies in 
different animals, but is generally cylindrical or oval. The tip of the hair at first is conical and 
pointed, this being, as is well known, the distinguishing characteristic of the first or “ hogget ” 
fleece of sheep. When left to nature, wool- and hair-bearing animals cast their coat at appropriate 
seasons, and soon assume a new one. This seems to be caused by a cessation of activity in 
the secreting glands at their base or root, whereby the hair becomes detached, and is cast off. 
After a period of rest, the secreting and excreting functions of the glands are resumed, and the new 
covering s6on becomes visible. Domestication of animals, especially when shearing the fleece or 
clipping the hair becomes habitual, interferes with the natural intermittent activity of the hair- 
glands, which instead become persistent, and the growth continuous. In the human subject, to 
which more attention has been given than to animals, and in which the growth of hair is closely 
analogous, it has been found that at the bottom of each hair-tube is a small conical prominence, 
like a papilla of the sensitive layer of the dermis, with which latter it is connected by means of the 
walls of the sheath or hair-tube. This cone is the producing organ of the hair, and possesses a 
large number of capillary vessels and nerves. The hair-pulp is secreted in this cone, and, being 
poured out, is first converted into granules, and next into cells, which are subsequently modified 
to constitute the texture of the hair. The cells contain the pigment upon which the colour 
depends. In the structure of the hair, a threefold modification of the cells takes place. 

Around the central cells, the next layers, comprising the chief thickness of the hair, by a process 
of lengthening and splitting, common in the economy of cells, are converted into fibres, and quite at 
the outer circumference a thin circle of cells is flattened into the form of scales, like those of the scarf- 
skin. The arrangement of these scales is seen in the Merino, Southdown, and Leicester varieties, 
to be like that of the scales of a fish, though with less perfect regularity, and such differences as 
result from their being arranged around a cylindrical or oval form. They are the largest and most 
perfectly developed in the Lincoln, Leicester, and Southdown varieties. In the Merino, the same 
perfectidh of arrangement is preserved, whilst they increase in number and diminish in size. Less 
regularity obtains in the Saxony, though the number further increases. With the larger diameter 
of the human hair, the scales are still less in magnitude, though greater in number. These 
observations lead to the conclusion that the order of growth is probably as follows (1) The 
secretion of the fluid obtained from the blood ; (2) its discharge from the gland ; (3) its conversion 
into granules, and then into cells distended with fluid ; (4) its protrusion to and through the 
exterior skin, where, on contact with the atmosphere, the outer layers of cells lose their liquid con- 
tents by evaporation, the ceU-walls collapsing and flattening, so as to form the scales shown in 
such great numbers. This shrinkage of the cells causes the upper edges of each layer to overlap 
the base of those of the preceding one, thus composing the beautiful arrangement revealed by the 
microscope. The shrinkage being simultaneous all round the cylinder which forms the hair, the 
outer circles of cells form, as it were, a series of cups, the base of the upper one being inserted in 
the top of the lower one, by which in succession the hair is built up. Each cup is composed of 
the number of scales or collapsed cells required to form the circumference of the cylinder, and 
these having been globular, their arrangement in circlets gives the serrated upper edge to each cup. 
It is this peculiar mechanical structure of the wool fibre that adapts it so admirably for the purposes 
to which it is chiefly applied, as therein lies its felting ciipacity. 

Thi» though perhaps its chief characteristic, is not its only one ; another of hardly less 
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imp(»^nce is the spirally curling form'of the fibre. Superficially, this constitutes the main dis- 
tinguishing quality between h ai r and wooL If a lock of wool be closely examined, each fibre will 
be seen to be twisted in spiral direction from the base to the tip. The number of convolutions is 
greater in the fine or clothing wools than in the long or combing sorts. The processes through 
which wool is put in manufacturing woollen goods would to a great extent eliminate the curl of the 
long fibre ; but the greater number and the shorter space occupied by the curl of the short wools 
allows them to be retained, by which means it is admirably adapted for the production of a woollen 
thread, which has to be fulled or partially felted in a subsequent stage. The more perfect 
peuaUelism of the fibres that would result in a yam made from long wool would prove a great, if not 
an insuperable, obstacle to the satisfactory performance of the felting process. Figs. 1438, 1439 
show this characteristic in both the clothing and combing varieties of wool. 


1438. 




The felting quality of wool, though known for centuries, or even thousands of years, was not 
thoroughly understoid until the structure of the fibre was microscopically examined. It may 
even be questioned now whether the fact is yet fully explained or not. The allegation that it is 
owing to the short curled lengths of the fibre (when spun into yam or retained in the mass) offering 
facilities for an interlocking of the fibres by means of the scales and convolutions, is not quite 
satisfactory. The theory may fnlly account for the interlocking or entanglement of the fibres, but 
it leaves unexplained the principal characteristic of felting, viz. shrinkage. A woollen fabric, 
when subjected to moisture and warmth, shrinks in every direction in a manner which the mere 
interlocking of the fibres does not snflSciently explain. The first subjection to this operation does 
not exhaust the property ; it may be repeated frequently, and the article will on every occasion be 
further reduced in dimension. The introduction of acid into the bath in which the fabric may be 
dipped greatly accelerates the process, and increases its extent, as is familiarly seen in the manu- 
fikcture of felt cloths or hats. This is not in any way indebted to the milling process, though 
working the wool by the hands may be regarded as an equivalent. But this felting or shrinkage 
takes place without any such action, as, for instance, when cloth is dipped into water and hung up 
to drain in order to “ shrink ” it, as the process is technically called, before it is cut up for garment 
purposes. A similar result ensues, though to a less extent, in the cases of fabrics made from 
“non-felting ” wools, as they are sometimes erroneously termed, when such articles are inadvertently 
left in water, especially if the water is hot. The same efiect is seen in the case of dress fabrics of 
worsted materials, when the wearer gets caught in a shower of rain. Too often have such materials 
“ mn up ” to such an extent as to render the dress unwearable afterwards ; and partially to this 
fact may be attributed the present unpopularity of Bradford goods. 

It is proverbially easier to offer objections to an accepted theory than to propound a better but 
it may be pertinent to observe that experience shows moisture to be essential to felting, and'thaf 
the process is expedited and carried to a greater extent at a high temperature, or when the water 
employed is hot. It appears probable, therefore, that the wool fibre is partially dissolved, ' 
especially that part which contains the original cells still retaining their contents. The walls of 
these cells, bursting by the heat or mechanical action, or a combination of both, and their contents 
being discharged, shrinkage naturally takes place. The scales of the separate fibres, being <10 
contact with one another, or already entangled, the fibres are drawn to each other, as it were, by a 
firm embrace. Probably also the circlets of scales forming the series of cups of which the’ fibre 
appears to be composed may at the same time, and by the same cause, be rendered capable of 
sliding more deeply one into the other. The pressure being exerted in each direction by the 
entangled scales of the individual fibres, each of the latter is shortened in a corresponding d^ree, 
and shrinkage in every direction results thereby. This conjecture may be held to basupported by 
the fact that fine wools, which contain the greatest number of imbrications, are the best felting 
wools. ^ 
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Varieties^ of Wod . — ^Almost every year is adding to the varieties of commercial wool, new kinds 
being continually introduced, either from new sources of supply, or as the result of assiduous and 
careful culture. The following table, constructed with great care, and corrected by some of the 
most eminent wool merchants and experts in this country, has been drawn up and published by 
Professor Archer, F.E.S.E., and will convey some idea of the numerous kinds of sheep, and the 
differences in the quality of their fleeces : — 


Tabue of the VABrETiEs OP Fokeigk and Bbitish Sheep. 


Varieties and 
Sub-varieties. 

Breed. 

Cit^s. 

Staple 

of 

Fleece. 

Qnallty. 

General 

Colour, 

Average 

Weight 

of 

Washed 

Fleece, 

Combing 

or 

Carding. 

General 

Application, &c. 

1 . Spanish COvis 

Spanish . . . . 







Used in Leeds and Hud- 

Bispaniam of 








dersfield. 

liinnaeus). 

Class 1, Es- 


short 

fine 

black and 

4-5 lb. 

carding 

Spanish wools obtained 


tantes or Sta- 




white. 



from the plains are of 


tionary. 







the merino kind, and 


a. Churrah.. 


lone fS in.) 

rather 

white 


combing 

are chiefly used for 





coarse. 




woollen goods ; but 


b. Merino . . . . 


short 

very fine 

white 

ram 8 lb. 

carding 

that obtained from 







ewe 5 lb. 


the mountains is 


Class 2, Tran- 







coarse and of unequal 


shumantes or 







quality, and is used 


migratory. 







lor various low-class 


a. Leonese 


short 

fine 

black, 


carding 

goods. 


Negrettea. 




white, 









and grey. 





Escurial or Es- 


short 

fin^t 

white 


carding 



tremadura. 









Guadeloupe 


short 

very fine 

white 


carding 



Paulars 


short 

good 

white 


carding 



Infantados . . . . 


short 

coarse and 

white 








hairy. 






b, Sorian 









Swedish . . . . 

Merino and na- 

long 

soft, fine 

white 






tive. 








French ,, .. 

Merino and Rous- 

long 

soft and 

white 

9 lb. 





sillon. 


very fine. 






Danish . « . . 

Leonese and na- 

medium 

fine 

white 


combing 




tive. 





and 









carding. 



Saxony . . . . 

Merino and best 

short 

finest 

white 


combing 




native. 





and 









carding. 



Pru^iau . . , . 

Merino and na- 

short 

very fine 

white 


combing 




tive. 





and 









carding. 



Silesian . . . . 

Merino and na- 

short 

very fine 

white 


combing 

Silesian wool is almost. 



tive. 





and 

if not quite, the finest 








carding. 

in the world. 


Hungarian.. .. 

Merino and na- 

short 

fine 

white 


carding 




tive. 








Hanoverian 

Merino and small 

short 

very fine 

white 

ram 4 lb. 





native. 




ewe 2i lb. 




New South 

Merino and South- 


fine 

white 

21 lb. 

combing or 



Wales. 

down. 





carding. 



w w 

Merino and Lei- 


fine 

white 

3 1b 

combing or 




cester. 





carding. 



W. Australia . . 

Merino and Lei- 









cester. 








British (pure 

Merino and 


fine 

while 





breed). 

Southdown. 








British (ditto) . . 

Merino and Lei- 


fine 

white 






cester. 









Merino and other 


fine 

white 






native breeds. 







2. Common 









Sheep (Ovis 









msticus of Lin- 









nseiis). 









sub-variety (a). 

Lincolnshire . . 

Lincoln and Lei- 

long 

good and 

white 

8-9 lb. 

combing 

These are amongst the 

Hornless or Ion- 


cester. 


glossy. 




finest of the long- 

coLnshire. 








stapled or combing 

Sub-variety (b), 

Shetland . . . . 


long 

very fine 



combing 

wools. 










Shetland. 









Sub-vMlety (c). 

Herefordshire . . 


long 

medium 

white 

6-Y lb. 

combing 


Sub- variety (d) 

Sussex . . . . 


short 

fine 

white and 

3-4 lb. 

combing 

Hoj^ets are valuable. 

Southdown. 





grey. 


and 

and the long qualities 








carding. 

are used in Bradford ; 


Kent 

Southdown and 

short 

medium 

white 

3-4 lb. 

combing 

the shorter ones in 



Romney Marsb. 





and 

Rochdale for flannels. 








carding. 



Hai&pshire 

Southdown and 

short 

fine 

white 

4 1b. 

combing 




old blackfaced 





and 


• 


Berkshire. 





caiding. 



• • 
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Averse 


Varieties and 
^b-varieties. 

Breed. 

Cross. 

Staple 

of 

Fleece. 

Quality. 

Creneral 

Colour. 

Weight 

of 

Washed 

Fleece. 

Combii^ 

or 

Cardii^. 

Sub-variety (li). 

Berkshire . . 

Southdown and 

short 

fine 

white 

4iib. 

combing 

Sonthdown — 


old black&ced 





and 

continued. 


Berkshire. 






Sub-variety (e), 

Norfolk 

Sonthdown and 

[ short 

fiue 

white 

3ilb. 

combing 

Old Norfolk. 







and 

carding. 

combing 



Sonthdown and 
Leicester or 

i medium 

medium 

white 

6ib. 



Norfolk half- 
breeds. 






Sub-variety (/>, 

Wiltshire .. .. 

Sonthdown and 

i short 

fiue 

white 

3 1b. 


Old Wiltshire. 


Wiltshire. 





and 

Sub-vMiety (p), 

Neighbourhood ol 


short 

medium 

white 

3iib. 

carding. 

combing 

Dorset. 

Dorchester. 






and 

Sub-variety (A), 
Cornish. 

, Cornwall . . 

Comiah and Lei- 
cester. 

long 

coarse 

white 

6-7 lb. 

carding. 

combing 

Sub-variety (i) 

, Lincolnshire, 

Lincoln and Lei- 

lODg 

good 

white 

8-9 lb. 

carding. 

combing 

Old Lincoln. 

Lincolnshire 

Wolds. 

cester. 






Sub-variety (j) 
Romney Marsh 

, Sent 


long 

medium 


7 lb. 

combing 


Sontham, Notts. . 

Romney and 








Devon. 






Sub-variety (le\ 

, Devonshire, 

Bampton and 

1 long 

very fine 

white 

8 1b. 

combing 

Bampton. 

Buckland. 

Leicester. 




Sub-variety (Z), 
Exmoor, Notts. 

, Exmoor 

Exmoor and Lei- 
cester. 

long 

medium 

white 

4 lb. 

combing 

and 

Sub-variety (m), 
Cotswold. 

, Devonshire 

Cotswold and 

New Leicester. 

1 long 

medium 

white 

7-8 lb. 

carding. 

combing 

Sub-variety (n). 
New Leicester. 

, Dishley . . . . 


very long 

coarse 

while 

8-9 lb. 

combing 

Sub- variety (o). 
Improved lees- 

, Durham, York . . 

Teeswater and 
New Leicester. 

long 

fine 


91b. 

combing 

water. 








Sab- variety (p\ 

Lancashire 

Leicester and 






Woodland 


Woodland, 






homed. 


Southdown and 
Woodland. 






Sub-variety (q), 
Silverdale. 

Lancashire.. .. 


long 

good 

white 

4i lb. 

combing 

Sub-variety (r), 
Fenistone. 

West Riding 

(Yorkshire). 

Fenistone and 
Leicester. 

short 

moderate 

white 


carding 



Fenistone and 

Cheviot. 

short 

moderate 

white 


carding 

Sub-variety (*), 
Isle of Man. 

Manx Hills 


short 

fine 

white and 

1 2i lb. 

carding 

Sub-variety (t), 
the higher 

Manx Valleys . . 
The mountain 

sheep. 1 


long 

short 

fine 

fine 

grey. 

white 

7 1b. 

2i lb. 

combing 

carding 

Welsh Moim- 

♦jtlriB- 








Sub-variety (w). 
Soft - WooUed 

The Anglesea . . 


medium 

not very 
fine. 

white 

2i-5 lb. 

combing 

Welsh. 






and 

Sub- variety (t>), 
Cannock Heath 

Staffordshire 


fair length 

medium 

white 

6-7 lb. 

carding. 

combing 

or Sutton Coal- 
field. 








Sab-variety (w\ 
Cheviot. 

Northumberland 


medium 

medium 

white 


combing 

Sub-variety C*)» 

Northumberland, 







Dunfaced. 

Scotland. 







Sub-variety (y), 
Blackfac^ 

Westmoreland, 

Cumberland, 


medium 

coarse 

white and 


combing 


Northumberland, 




grey. 


and 


Scotland. 






carding. 

Sub-variety (a), 
Hebridean. 

The Hebrides ,. 


long 

inferior 

white 


combing 

Sub-variety (a a). 
The Ortaieys. 

The Orkneys . . 


long 

not very 

white 


carding. 

Sub-variety (b b), 
Shetland 

Shetland . . . , 

•• 

•• 

the finest 

white 

14 lb. 

carding 


The Flounder- 
tailed. 

Shetland and 

Dutch. 

long 

medium 

white 

4Ib. 

combing 

Sub- variety (cc), < 
Wicklow 

!3otta^ . . , . 
The Irish . . . . 


short 

long 

medium 

white 

24 Ib. 

carding T 

Mountains, 

f 



( 

3 it>. 

combing 

< 


GeDer&l 

Application, &c. 


[For flannels and low 
cloth. 


|Livery doth at llmm- 
ster. 


[This breed is nearly if 
not quite lost* 


|Chlefly used for flannels. 


discdoured by smoke, 
it w£hes quite white. 


Rathdrum, stuffs 
bombazines, bombaz- 
ett^. The Lish breeds 
have been crossed 
with Leicesters,&ntb- 
down^and Merinos in 
every country. 


VARIETIES OF WOOL. 

Table of the Vaetetibs op Foreign and British Sheep — continued. 


2055 


Varieties and 
Sub-varieties. 


Sub-variety (<2 d), 
Herd wick. 
Sub-variety (ee), 
the Kas* 
Roosh. 

3. Barwall Sheep! 
(Ovis Bartial,\ 
Modgsou). 

4. HooniahSheep.l 


Breed. 


6. Cago (Ovis\ 
CagiOy Hodg- 
son). 

6. Seling (Oui*! 
SAingia^oC.g‘\ 
son). 


7. Cummbar 

8. GarSr . . 


9. Dukhun . . . . 

10, West Indian 


11. RnimTiAn 

12. Smooth-hairedj 
(Ovis Ethiopia 
Charlet). 

13. African (Ovis| 
GuineensiSt 
Eaii). 

14. Guinea Sheep! 
(Ovis Ammon\ 
Guineensis, 
Schreber). 

15. Morvant de! 
la Chine. 


[Cumberland HilL 
Bokhara. 

Nepal. 


[Hooniah or black- 
faced sheep of] 
Tibet 

[Cago or tame! 
^eep of CabuL 

Neiwl, central 
hilly regiouj 
and E^^tem! 
Tibet. 


Mysore 
India .. 


The Deccan 
Jamaica 


South American, 
Pernambuco. 
African . . . . 


ISenegal and Sa-| 
haiiu 

[The Guinea] 
breed. 


Cross. 


[China . 


16. Sbaymbllar 

1 7. Zeyla . . . 

18. Fezzan.. . 


India, Mysore 

Zeyla and Mokhal 
Tripoli and Tunis! 


Angola 


Angola 


19. Morocco 
(Ovis Aries\ 
Numida, H.j 
Smith). 

20. Congo Sheep Congo 
(Ovis Aries 
congoensis, H. 
Smith). * 

21. Angola Sheep 
(Ovis Aries 
Angolensis, H. 
Smith). 

22. Yenu, 

Goitered She^ 

(Ovis Aries 

^Steatiniora, H. 
Smith). 

23. Ixalim (Ix- 
alus probaton, 
Ogilby). 

24. Cretan Shesp 
(Ovis Strep- 
siceros. Rail). 

25. Long-tailed 
(Ovis longv- 
caudatuSy 
Brisson). 


[Crete 


[Russia, Odessa,] 
Crimean. 


Russian 

Merino. 


Wallachian. 
Moldavian . . 


Greek . 






Hi 


Staple 

of 

Fleece. 

Quality. 

General 

Colour. 

Weight 

of 

Washed 

Fleece. 

Combing 

or 

CiU'ding. 

General 

Application, &c. 

short 

very coarse 

white 

31b. 

carding 

Used only for low 






quality goods. This 
variety is remarkable 
for its hardiness and 






its peculiar sagacity 
in preparing for a 






coming snow-storm. 

long 

soft and 
fine 



combing 

For ladi^’ dresses. 

long 

fine 





long 

fine 

some 

breeds 



For rugs and coverlets. 



black. 



/E. Indian wools are 



f white, 



1 chiefiy used for mak- 

short 

short 

coarse 

coarse 

1 yellow, 1 
< grey, \ 
1 brown, 1 


carding 

1 ing blwkets, small 
/ quantities also for car- 
\ pets and rugs, and 



^ black, j 



1 some of the longest 

1 for worsted manu- 

short 

coarse 




^ fdctures. 

short 

fine and 
soft, but 
mixed 
with hair. 



carding 


not used 






not used 






not used 






short 

rather 

yellow 


carding 

Blankets, rugs, and car- 


coarse, but 
peculiarly 
soft and 
silky to the 




pets. 


touch. 





not used 

•• 

reddish 

brown. 






white 




medium 

inferior 

white and 

.. 

carding 

For making ca{6 or 

long. 

fine. 

grey. 


fezzes. 

short 

inferior 

white and 


carding 

Used for felt goods. 


fine and 
soft 

grey. 


blankets, and ru^. 

not used 






not used 






short 

fine and 
close. 




Not used in Europe. 

short and 

soft and 



carding 


much 

cnrled. 

fine. 





long 

very soft 

white 




long 

superior, 
>ut mixed 

white 





with hair. 





short, 

curled. 

fine 
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Average 



Yarietaes and 
SttlVTarieties. 

Breed. 

Cross. 

Staple 

of 

Fleece. 

Quality. 

General 

Colour. 

Weight 

of 

Washed 

Fleece. 

Combing 

or 

Carding. 

General 

Application, &c. 

25. Jbong-tailed— 

Barbary .. .. 


hair not 






contivmtd. 

Donskoi . . . . 


used. 

medium 

coarse 

white and 


combing 







grey. 


and 

carding. 


26. Broad-taUed 

Odessa . . . . 

Merino 

short 

very fine 

white 


Ciirding 


(Ovis laticau- 
datuSt £nde- 









ben). 

Sub-variety 

Tartarian, In- 


long 

good 





Fat-romped 

dian, Syrian, 








Sheep (OtJis 

Chinese, 








stearcpyga). 

Kussian, and 
Sonth African. 








. Sab-variety Cb\ 

Persian . . . . 


long 

medium 

white. 


combing 

Used for nusmuds; the 

Fersian. 





black. 


I unyeaned lamb’s 






&wn, 

yellow, 

brown, 



skins for pelisses. 

Sub-variety (c), 
Fat-tailM. 

Sub- variety (d), 

Abyssinian. 




grey. 




Aora ^el. 
Sub-variety fe). 

Bokharan, Can- 


short 

fine and 

black and 



-Much prized in the un- 

Bokharan. 

casian, Persian, 



much 

grey in 



yeaned state when the 


and Astrakhan. 



curled. 

unborn 



delicate grey curled 





especially 

lambs. 



skins are taken and 





in vomur 




dressed for furs, and 





lambs. 




the black for making 
the spots of minever 
and for wearing as 
fur. 

Used for dresses. 

Sub- variety (f\ 

Tibetan , . . . 


long 

soft and 




'ribetan. 



fine. 





Sub-variety (a\ 

Cape of Good 


fur-like. 




As frir for trimming 

Cape. 

Hope. 


and used 
as such. 





dress, bags, &c. 

Sub-variety (A), 









(_Ovii Aries 

appendicuiata). 









Sub-variety (%), 

Palestine and 


short 

thick 





Belkah. 

Plains of i^l- 
kah. 








27. Many-homed 

India and Nepal, 








Sheep (Ovu 

The Dnmba. 








mlyeercUuSt 

Li^aeus). 









28. The Pucha . . 

Hindostan, 









Oomba. 







29. Short-tailed 

Northern Russia 








30. Sheep of Tar- 

Tartary . . . . 








tary. 

31. The Madras- 

MwdagywjAr , , 


short 

fine 




None of these is found 

car. 

32. The Bearded 

West African . . 


hair not 

•• 




> in our market, ac- 
cording to Archer. 

Javanese .. .. 

Java 


short and 

white 








finely 
cnried. ' 



i 


/ 


This table, though not absolutely exhaustive, is sufficiently full to present in outline a fair view 
of the varieties of sheep, and the characteristics of many of their fleeces. It will be obvious that no 
hard and fast line can be drawn between the two classes or great divisions in wool, namely, clothing 
and combing wools. In the former, there are limits as regards length of staple in those suitable ' 
for the first class ; for the latter, such requisites as sounduess and elasticity. It wiU be clear 
therefore, that within these conditions, are many varieties that will (within given limits) be fit for 
both uses. The qualities that should distinguish a high-class combing wool have been pvesenfed 
for enumeration as follows viz. (1) weight, (2) colour or lustre, (3) length, (4) freeness, (5) fine- 
ness, (6) elasticity, (7) softness, (8) soundness, (9) evenness of fleece. These points were rabmitted 
as queries to several wool dealers of the greatest experience, who were requested to divide a 
thousand points amongst them according to their respective values. Soundness and quality, 
not singly but combined, were reported by these gentlemen to constitute the most valuable 
attributes of a combing wool. The queries having reference to Australian wools, the estimation 
chiefly relates to merino wools from that country, in both combing and clothing descriptions. 
Following are the answers, tabulated according to the queries : — 

. « 


MAmrFACTUEED WOOLS. 
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Combing Wools. 

Sound- 

ness. 

Length. 

Weight. 

Softness. 

Elasti- 

city. 

Even- j 
ness. 1 

Fine- 

ness. 

Density. : 

• Lustre. 

Total 

Points. 

J. T. Symes and Co. .. 

300 

250 

100 

175 

50 

7.5 




995 

Hazard and Caldicot . . 

170 

170 

150 


90 



60 


850 


Clothing Wools. 

Length. 

Density. 

Soft- 

ne&s. 

i 

Elasti- ' 
city, j 

1 

Even- 1 
, ness of 1 
Fleece. ! 

Sound- 

ness. 

Condi- 
1 tion. 

! 

Weight. 

Fine- 

ness. 

Total 

Points. 

J. T. Symes and Co. . . 


150 

200 








Hazard and Caldicot . . 

50 

140 

80 









In the preparation of wool for the market, it is desirable, if facilities permit, that sheep should 
be washed before shearing, hecause of the dirt and dust adhering to the yolk or grease of the wool. 
When this is retained, and the wool is packed and shipped in it for distant markets, it is apt to injure 
the colour, which cannot be restored. All such wool is disqualified for use in the production of 
fabrics intended to receive fine colours. In washing sheep, the yolk should be entirely cleared, and 
the sheep allowed two or three days’ run, to permit the yolk to rise again to about 20 per cent, of the 
amount an unwashed fleece usually contains. This gives the wool a soft silky “handle,” and 
maintains its natural elasticity and strength. After shearing, the fleece should be carefully 
skirted, and all locks, beUies, and stained, burry, and seedy pieces, removed ; care ought also to 
be taken that shanks or kempy hairs are not folded in the fleece. When these parts are removed, 
the remainder of the fleece will be comparatively free from faults, and consequently all the more 
valuable. 

Wools vary greatly in cleanliness, not only in the percentage of yolk or natural grease they 
contain, but also in the amount of foreign substances intermixed therewith. These consist of sand, 
dust, straws, burrs, and other matters, sometimes difiScult of removal. The cleanest wools are those 
of this country; the next in order are those of Germany, France, Australia, Spain, Morocco, 
Algeria, Turkey, and Buenos Ayres. 

Manufactwed Wools . — During the past half century, a great branch has been added to the 
woollen manufacture, and is popularly called the “shoddy trade.” Its development is charac- 
teristic of the time, which is conspicuous for its efforts to utilize bye and waste, or what were 
formerly called “ waste,” products. Many instances of successful results of this kind might be 
enumerated, but those that properly fall within the scope of this article will amply prove the 
economic tendency of the age. No sketch of the woollen manufactures would be complete if it 
omitted a notice of this recent addition to manufacturing industry. Busy centres of population 
and commerce have sprung up in Torkshire, entirely based upon this trade, whilst the woollen 
industry throughout the country has received a great stimulus since shoddy became partly a 
competitor and partly an aid. 

“ Shoddy,” in its widest sense, means all fibrous materials of animal origin that, having once 
undergone the processes of manufacture, are recovered from this state by destructive processes, 
having for their object the restoration of the fabrics to a fibrous condition. Of course, sheep’s wool 
is the *hief constituent of the textures so reduced, though fabrics in which the hair and wool of 
other animals is a principal or subordinate constituent are also included. These recovered wools 
are divided into three classes, distinguished by the kind of matsrials from which they are produced, 
or by the method of manufacture. The first of these is shoddy. 

Shoddy. — This includes those recovered wools obtained by pulling into their original fibrous 
condition all descriptions of worsted and woollen fabrics known amongst dealers as “ softs ” : that 
is, unmilled fabrics, such as old blankets, flannels, worn-out hosiery. It is difficult to decide to 
which amongst the several claimants to the invention of this system the credit is justly due. In 
.Yorkshire, it is usually divided between, or rather claimed for, two persons, Benjamin Parr, of 
Batley, and Benjtunin Law. An enthusiastic inquirer, who has devoted considerable time to the 
investigation, has, however, been led to the conclusion that the world is indebted to a Jew second- 
hand-clothes dealer in Loudon, during the Peninsular War, when the stoppage of the supply of 
Spanish wool, and the brisk demand for army goods for the contemplated expedition to Spain (wool 
from Spain being then used for making them), drove wool to a great price. This man conceived 
that it would be a paying speculation to tear up old blankets and white flannels by curry-combs, 
and nniv th8 product with the genuine wool that could be bought in the London market. This 
was done, and these “doctored” or adulterated bales were sold in Yorkshire for full prices, yielding 
a handsome profit to the operator. When this outlet for disposing of the product was closed by the 
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decline in the valne of wool, the maker offered it in competition with gennine wool for s^dlery and 
npholstery purposes. This inventor’s name is not satisfaetorQy known, but is conjectured to be 
Davis. The second progressive step in the utilization of this material (its adaptation to the manu- 
fecture of cloth) belongs to the above-named Benjamin Law, a small farmer and weaver of Batley, 
then an inconsiderable moorland village in Yorkshire. Not satisfied with the prices realized for 
his webs in Leeds, he extended bis ventures to London. Being in the city on one occasion, he 
obsCTved in a saddler’s window some material apparently like white wool, but which differed in 
several respects from any with which he was acquainted. Getting permission to examine it, he 
found by testing its staple that it would fully answer his requirements. He found the manu- 
facturer and purchased a parcel for himself, which he sent down to Batley, and fully satisfied him- 
self that it was capable of being transformed into useful fabrics. He carefidly guarded his secret, 
admitting only his brother-in-law, the Benjamin Parr befere named, to a knowledge of his dis- 
covery. These two, having developed the manufacture to some extent, commenced to make the 
raw material themselves. From this small beginning, after struggling througn many difficulties, 
its use has spread into almost every portion of the wooUeu manufacture of this and other 
countries. 

Mungo. — ^The extensive adoption of shoddy as a raw material for cloth manufacture in a few 
years had the natural effect of rendering all the descriptions of rags from which it was manufac- 
tured considerably dearer, and of bringing the price of the product approximately near that of 
wool. To those who had experience of the originally low cost of both the rags and the product 
obtained from them, this change was not altogether of a satisfactory nature. There still remained 
open another source of supply, if only means of rendering it available could be discovered 
or invented. This was in the rags of milled cloths, both worn-out garments and new snippings 
from tailors’ establishments. These were practically valueless, in most cases being thrown upon 
the manure heap, whilst from the London tailoring establishments the latter descriptions were 
obtained at a cost of about a lb., and were usually sold for the purpose of manuring the hop 
gardens in Kent and Surrey. After Law and Parr had been engaged in the manufacture of shoddy 
for about 10-12 years, they made an effort to utilize these “ hard ” rags, as they have since come 
to be called, as opposed to the “softs” previously described. New snips were procured from 
London, in order that, if successfully treated, the secret as before might be preserved. The first 
effort was, however, an entire failure, the machinery which was effectual for “ softs ” being quite 
unequal to the task of grinding “ hards ” into wool. Eepeated trials were made, aU ending in dis- 
appointment, the snips were thrown upon the manure heap, and afterwards carted away to the 
fields. The idea, though abandoned for the time, was not lost sight of. It is stated that it often 
occupied the thoughts of, and was the theme of frequent conversation between. Law and Parr. 
Some few yStos subsequent to the failure of the above trial, George Parr, a son of Benjamin Parr, 
observed at a neighbouring fiock-manufacturers’ workshop (Perrit & Co., Batley Carr), a description 
of flocks entirely new to him. Upon inquiry, he was informed that the firm were making a new 
kind of stuffing fiocks by grinding up old coats. The ymmg man saw that the grinding process 
was much more successfully accomplished than had been the case in their own efforts. Purchasing 
two bags, he sent them home, and made an effort to spin them, but found the cards of the Batley 
district too coarse for the necessary preliminary operations. Nothing daunted, he had them trans- 
ported to Morley, to the establishment of John Watson, a manufacturer of fine broad-cloths. Hero 
the efforts were renewed successfully, so far as the production of a thread was concerned ; but it 
was pronounced to be quite useless, owing to the large admixture of cotton threads and linen linings 
that had been tom up with the cloth. Watson suggested that these should be picked ott and 
another trial made. This was done, and a more satisfactory result achieved, thought yet far from 
being such as wordd justify hopes of a commercial success. The trials were, however, continued by 
several manufeeturers to whom the Parrs offered the materials freely. Successive improvements 
were made, but in spite of these, progress was slow. Finally the perseverance of the brothers 
Parr vanquished all difficulties. The article, called “ mungo ” from an ejaculation of one of the 
brothers that “ it muu go,” has since become an important source of supply of raw material to the 
union woollen manufacture, and to several other branches as weU. Fig. 1440 is an illustration of 
the fag-grinding machine as at present constracted. 

Carbonized Wool or “ Extract.”— A third class of fabrics containing wool yet remained''to be 
utilized. This was composed of the union goods of Bradford and Norwich, in which as a rule 
the warp is of cotton and the weft of wool. The presence of the former in such intimate associa- 
tion made it impossible to utilize the latter to any commercial advantage. In the paperynaking 
trade, the vegetable matter was successfully extracted from these rags by means of caustic alkali 
which dissolved the animal fibre, leaving the warp intact. The reverse of this process was 
suggested by seeing the details of its operation in the Exhibition of 1851. A ship’s captain named 
Corbett is stated to have been struck with the idea that it would be more advantageous to destroy 
the cheaper an4 preserve the more valuable fibre. To that e^d, he is alleged to have conuribneed 



PEOCESSES OP MANUPACTUEE. 


2059 


the stndy qf chemistry, and, after a while, found that a weak solntion of sulphuric acid oonteined 
in a lead-lined vat, in which the rags were steeped for a short time, completely destroyed the cotton 
portion, whilst it inflicted little or no apparent damage on the wool. This soon led to the establish- 
ment of a manufactory for the production of extract wool on a commercial scale. The inventor 
found more dif- 
ficulties in his 
way than he 
anticipated. It 
was looked 
coldly upon by 
the Yorkshire 
trade, who saw 
that the treat- 
ment to which 
it had been sub- 
jected had de- 
stroyed its felt- 
ing properties, 
and rendered it 
extremely brit- 
tle. New out- 
lets, however, 
were found for 

it, and a great demand sprung up amongst carriage builders, saddlers, and upholsterers. As a 
stufiSng material, it was sold largely to the home trade, and was exported to the Continent and 
America. During the civil war in the latter country, there was an enormous demand for it for 
army and hospital purposes. In the meantime, the Germans had succeeded in adapting it to 
textile piuposes. Such is one account of this invention. There are, however, numerous claimants 
for the credit of this discovery, and, as in other cases, in the multitude of assertions it is difBcult 
to discriminate to whom the honour should be rightly awarded. 

A claim has been put forward that “extracting” was first discovered and carried on for some 
time at Eoohdale, the inventor in this instance carefiiUy keeping his discovery as quiet as circum- 
stances would permit. This was early in the decade 1850-60. Soon after, a Mr. Crone, of Man- 
chester, suggested the idea to two men who were practically acquainted with the bleaching and 
finishing processes, as carried on around that town, and by them the process was again discovered, 
and patented. The original inventor, after some time, bought up this patent, in ordef to prevent 
disputes. When the matter became thoroughly known, numbers of people commenced using the 
process clandestinely, to the disadvantage of the owners of the patent. It is from amongst these 
that the crowd of claimants has arisen. “ Extract ” does not appear to have taken that important 
position in the woollen industries that has been awarded to shoddy and mungo, but it has had a 
considerable influence in diverting to itself a demand that would otherwise have continued upon 
the latter articles and pure wools. Its indirect importance, therefore, will be readily recognized. 

From the finishing processes of the woollen trade, such as raising, cropping, &e., a considerable 
quantity of fibrous matter is obtained. These are called “ croppings,” “ cuttings,” “ shorts,” &c., 
and are the result of the shearing action of a machine employed to cut down the nap of the cloth 
after rtSsing to a uniform level. This material also has been rendered available for the produc- 
tion of a very useful fabric, especially suited for the sharp winter temperature of such countries as 
New England, Canada, and Europe. This invention is of American origin, and consists in mixing 
“ croppers’ ” dust in a strong solution of soap and size, in which a very loosely-woven fabric is then 
milled ; this febric takes up the short fibres, and can be worked up to any required weight or thick- 
ness, and afterwards be finished to a good surface. It is serviceable, durable, and cheap. An 
Englishman returning from the States is said to have brought back with him a knowledge of the 
process, which he introduced into Leeds. It has since spread into many other districts of York- 
shire, ^nd other parts of the country where its raw material is plentiful, and has become a con- 
siderable industry. The demand for products of this kind outrunning the supply of croppers’ dust, 
in 1873, Ferrar Fenton, of Batley, designed a machine for its artificial production from waste, since 
which, of course, the supply has been adequate to all requirements. 

Peocsbses op Woollen Manufacture. — Wool, in its transformation into woven fabrics, passes 
through the following processes, which, to save frequent repetition subsequently, are hero briefly 
defined, , 

(1) “ Stapling ” or “ sorting,” which is the division of the fleece into its several qualities. 

(2) “Opening” or “cleansing”: freeing the wool from dust, sand, dirt, burrs, and foreign 

snbst^ces, and disentangling matte^ fibres. , 
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(3) “ Washing ” and “ sconring ” : two proceffles analogous in method and purpose. ,The former 
Tiaa for its object the removal from the wool of the dust and dirt aiihering to the fibres after the 
latter operation ; also the removal of that portion of the natural grease which, with the preceding 
matter, is soluble in water. Scouring is a succeeding process, in which the wool is passed through 
a solution of soap or alkalies and warm water, to remove the portion of the yolk uncleared by the 
foregoing process, ^e first is often omitted, and the second is followed by rinsing, the purpose of 
which is to clear the scouring solution from the wool. 

(4) “ Drying ” : to clear the wool from the water acquired in the preceding process. 

(5) “ Blending” : the mixing of the different classes of wools and other fibres from which it is 
proposed to manufacture fabrics. 

(6) “Oiling” : lubrication of the wool fibres in order to render them workable. 

(7) “ Carding ” : the different stages of this process, scribbling, carding, and condensing, have 
one purpose, whether conducted with few or more machines, namely, to separate, straighten, cleanse, 
and mix the materials of the blend, in order to render the resulting yam thoroughly homogeneous. 

(8) “ Spinning ” : woollen spinning performed on the mule. 

These complete the processes up to the production of yam, and now call for notice in detail. 

Stapling or Sorting . — Formerly stapling was a separate business, and the person following it was 
termed a “ wool-stapler.” This state yet prevails to some extent, but has not grown in a manner 
corresponding to the development of the woollen trade. In earlier days, the manufacturer resorted 
to the stapler for the supply of his raw materials. The stapler was a wool merchant, who pur- 
chased the wools from the growers, or from importing merchants, and sorted his purchases into 
various qualities, to suit the requirements of his customers, who thus by his aid were enabled to 
obtain exactly the quality of wool needed for their productions, without encumbering themselves 
with a large quantity of wool they could not use, as they must have done when they purchased the 
fieece from the growers. Thus the wool-stapler*8 function was a very useful one, and he himself 
was a highly-respected personage in the fraternity of the industry. But times have changed, and 
though not entirely superseded, his relative importance is greatly diminished. The increase of 
wealth, and the growing magnitude of manufacturing establishments have changed to a great 
extent the old method of business. The woollen or worsted manufacturer can now purchase his 
wool direct from either grower or importer, his consuming capacity and the variety of his produc- 
tions enabling him to utilize all the qualities of wool obtained from the fleece. 

The wool arrives at the stapler’s warehouse or the mill in large bales, each containing about 
400 lb. or 80-100 fleeces of wool. Having been weighed and compared witli the invoices, the wool 
is ready for the sorter. Sorting is performed on an oblong bench, the framework of which is of 
wood, and the top of wirework grating, in order to permit the dust contained in the fleece to fall 
through. Most fleeces, however, hold a great quantity of dust, mostly composed of the dry 
epidermis of the sheep, which is so light as to rise and fill the atmosphere of the sorting-room, to 
the great detriment of the health of the workmen. In order to remedy this, the sorter’s bench is 
now usually enclosed, and fitted with an exhaust fan, so as to prevent not only this light dust, but 
also much of the poisonous exhalations too often given off by the fleeces of foreign wools especially 
from being breathed by the worker. 

The sorter, taking a fieece, unrolls it upon his bench, and proceeds to separate it into the 
required qualities, depositing the different portions in baskets placed beside him for its reception. 
These baskets vary in number from 6 to 12, or sometimes more, according to the description of the 
fleece, or the requirements of the manufacturer. Short-wool fleeces, those consumed in the woollen 
trade, are usuaUy distributed into ten parcels. The “picklock ” is the highest quaUty Stained, 
and a fleece only yields a very small portion of this quality. The “ prime ” is the next best, and 
but sUghUy inferior to the preceding. Next follow the “ choice” and the “ super ” both very good 
wools, but inferior to the previous selections. The bulk of the best fleeces are composed of ttese 
two classes. The succeeding division is termed the “ head ” wool, which probably indicates that it 
is the best of the second or inferior division of the fleece. The contents of the next basket are 
termed “ downrights,” a good useftd wool, which is foUowed by the “ seconds ” the best of the 
wool firom the throat and breast. The next is caUed the “ abb,” which is the eighth quality The 
ninth is the “Uyery,” and is composed of the skirtings and edgings; the tenth is the “sh 
coarse” or “breech wool,” that which comes from the breech of the animal. ' * 

These divisions are to some extent arbitrary, and differ according to the requirements of th 
manu&cturer. Fig. 1441 shows the fleece divided into thirteen qualities Nos. 1 and 2 th* 
shoulders and sides, always yield the best wool, being long, even, and soft, and the b»st ' * 

wool of the fleece ; the 3rd quaUty, that on both sides of the neck, is usually’a litfle inferio tTt^ 
preceding; the 4th, that on the loin and back, diminishes both in length and Onrnnn f tb* 
preceding; the upper part of the hind legs yields the 5th quality, the wool in this'wi t 
beginning to hang considerably; the upper parts of the neck yield two quaUties (6 and 71 b,!fh 
inferior in staple and occasionally faulty; at the root of the {ail (8), the wool is more gltS^’ b t 



WOOL WASHING. 


2061 



coarse; No. 9 is the lower part of the leg, where the grease in the wool is dark in colour, and the 
staple is more twisted ; on the throat (10), there is a great diminution of quality from that of some 
of the first numbers, the fineness, softness, and curl of the wool having nearly all disappeared, 
and “ kemps ” or hairs becoming frequent ; the wool of the head (11) is coarse, often harsh, short, 
glossy, and sometimes dirty; on the lower 
part of the throat and chest (12), the yield is 
similar to No. 10, but often shorter, through 
friction against fences and bars ; that from 
the shins (13) is short, glossy, and coarse, and 
nearly always very dirty. 

In addition to these, which may be termed 
permanent qualities of the fieece, there are 
modifications that arise in flocks, or indi- 
viduals, the result of differences in the 
quantity and quality of food and water acces- 
sible during growth ; or are due to disease or 
a low condition from other causes. These will 
occasionally obliterate to a certain extent ~ 

what may be called the permanent lines of ^ 

qualities, the whole as a rule suffering degra- 
dation, When this occurs in an individual fleece, the sorter may be trusted to keep matters right 
by the manner in which he will distribute the parts, but when the parcel is faulty in these 
respects, it must of necessity be put aside for inferior purposes. The rapidity and skill which the 
sorter displays in the discrimination of the different qualities of a fleece, is a matter of astonishment 



to the cursory observer. 

Washing and Scouring . — The cleansing processes of washing, scouring, and rinsing succeed the 
operation of sorting. Various methods of cleansing the wool are pursued in different countries, 
and in different circumstances. Sometimes the wool is first treated to a bath of cold or tepid 


clean water, for the purpose of removing aU earthy matter, and the soluble portions of the yolk. This 
is succeeded by the scour, in which the wool undergoes a wash in a bath consisting of water heated 
to 49°-66° (120°-150° F.) or higher according to requirement. This dissolves the natural grease 
and suint, which form so large a percentage of the weight of the wool, and releases the remaining 
earthy matter adherent to the grease, and which had resisted the previous process of cleansing. 
In an examination of the merino fleece, Chevreul found that the raw wool of that breed of sheep 
consisted of:— Earthy matters, 26-06; suint, 32'74: grease, 8-57; earthy matter fixed by the 
grease, 1-40; clean wool, 31-23. The proportion of clean wool yielded by other descriptions 
varies from 25 to 40 per cent., and sometimes rather more ; but as a rule, it may be accepted that 
the processes of washing and scouring will reduce the raw weight by about two-thirds. It is 
obvious that the removal of this large proportion of the weight will require to be performed with 
care, in order not to injure the clean fibre, by making it hard or harsh, or causing it to shrink, and 
thereby injuring its felting properties. This care must be exercised in the selection of the moat 
suitable detergent for forming the scouring bath, the preservation of a proper temperature during 
the passage of the wool, and the prevention of too sudden a transition from the warm scour bath 
to the cold rinsing or clearing bath, should cold water instead of tepid be employed in the latter. 

Formerly, stale urine was in much request for scouring purposes, for which it was found very 
suitable? owing to the presence therein of a considerable quantity of carbonate of ammonia, which 
is a weak alkali, whilst the accompanying organic matters were also useful in protecting the fibre 
from the action of the stronger alkalies added to the bath. Its insufficient supply, combined with 
its offensive odour, has greatly diminished its use. Ammonia is also frequently used for the 
“ scour,” and that obtained from urine is the best for the purpose. Gas-liquor yields a considerable 
quantity of ammonia by distillation, but when obtained from this source, it is apt to contain 
hydrocarbons and sulphide of ammonium, the former of which are injurious to the hands and skin 
of the workpeople, and the latter damages the wool. Carbonate of soda is another scouring agent, 
and, in one form or another, is very extensively employed. It is an ingredient, and often the chief 
one in &e special preparations or compounds, retailed in the woollen districts as efficacious wool 
purifiers. (See pp. 1788-9). Soaps are the most generally accepted scouring agents. In order, 
however, to employ them so as to secure a satisfactory result, it is imperatively necessary to obtain 
them of uniform strength. Few articles are more liable to adulteration than soap, as few better 
hide the sophistication. 

Silicate of soda, or soluble glass, has of late years been extensively introduced as a detergent 
for cleansing wool, and it is stated to have been found to possess ’valuable properties. Like soap, 
it holds its alkali in feeble combination. Its detergent power is considerable, and it may be 
employed alone or in combination with ordinary soap. When used alone for scouring wool, the 
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latter should he well pressed to clear it thoroughly, otherwise the silicate is apt to coat the fibres 
with a thin film when it comes into contact with the cold water in which the rinsing is performed. 
Shonld this occur, dyeing or bleaching of the wool afterwards will be impeded, and the wool 
rendered more harsh than when properly cleared. 

In using soap for scouring purposes, in conjunction with an alkali, soda crystals is the best 
form if a carbonated alkali is used. A small quantity of powdered double-refined caustic soda, 
however, can be substituted with advantage in most processes ; as compared with soda crystals, not 
exceeding part of the quantity of soda ash usually employed. It is absblutely necessary that 
the caustic soda shonld be free from iron, and that it should be moderately used. 

Wool washing is performed by very different methods in different countries. In some, clear 
ru nni ng streams are utilized ; in others, mill-streams for turning water-wheels, either before or 
after passing the latter. In other cases, tanks, tubs, or any vessel capable of holding water, are 
made to do duty for this purpose. A common way, and that perhaps most generally in vogue, is 
to scour wool in a round tub provided with a false bottom of either wood or galvanized wire. This 
bottom is usually placed about fi-12 in. from the true bottom, so as to form a cavity for the recep- 
tion of the sand, dirt, and other matter that the washing releases. The perforations of the wooden 
bottom or the spaces between the wires are so arranged that, whilst permitting the sediment to 
pass freely through, the wool is prevented from going at the same time. This bottom is supported 
upon vertical strips of wood, and is furnished with handles to facilitate lifting it out of tho tub 
when required, in order to cleanse the bottom. The tub is generally about 5 ft. deep and 4-5 ft. 
diam. The water is heated by means of steam, delivered by a pipe going down the inside of the 
tub to about 3 in. below the false bottom, and which is furnished with a tap to turn off the steam 
when a proper temperature has been attained. On the top, and projecting to the outer side so as 
to form a slope, is afSxed a frame having vertical sides about 6 in. high, across which narrow 
strips of wood may be nailed, or a sheet of galvanized wire extended, to form a strainer or “ sciay ; ” 
upon this the wool is placed to drain after being lifted from the wash, and previously to rinsing 
in clear water. “ Squeezers,” or a pair of pressing-rollers usually intervene between the “ scray ” 
and the “ rinsing-box,” but not always. The latter vessel is mostly an oblong box about 5 ft. deep, 
having also a perforated copper bottom, the holes of which are about in. diam., and as numerous 
as the strength of the sheet of copper will permit. A copious supply of clean water is required for 
this vessel, in which, having received its contents, the wool from the scray is immersed and agitated, 
or passed backwards and forwards by means of a wooden fork, until thoroughly cleansed from the 
“scour” or suds of the previous bath, and the grease and snint that it has liberated. 

The process is to careftdly prepare the scouring bath, caution being observed to get it to the 
proper temperature, for ascertaining which a thermometer should be used. The wool is then 
placed in the bath in such quantity (but not more than that) as will allow it to be freely agitated, 
so that every fibre may be fully exposed to the action of the bath. The agitation most be per- 
formed in such a manner as not to render the wool stringy, but to keep the mass light and open. 
The same procedure must be followed and the same care displayed in the rinsing process. If the 
operation has been properly performed, the wool will leave it in a soft and open condition. Tepid 
water is always best for the rinsing process, helping considerably to attain the desired ends. By 
this method, 50(1-1000 lb. can be washed per diem in one tub. 

During the past 20 years, however, much has been done in this coimtry in introducing 
machinery for the washing of wool. Since its invention, it has moved steadily towards perfection. 
This has caused it to rise rapidly in public estimation, and, as a consequence, to get generally 
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adopted. There are several makers of wool-washing machines, whose productions leave little to 
be desired or even accomplished in the way of perfectly performing their work. Fig 1442 shows 
one of the best, by J. and W. McNaught of Bochdale, and embodies the latest improvements 
The single 4-rake machine here shown occupies a floor space of 24 ft. 9 in. in length by 6 ft 8 i 
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greatest 'vr^th over the pulleys. The feed a is a travelling apron, npon which the wool to be 
washed is evenly spread by the attendant, and in that manner passes into the tank b, where it is 
immersed in the prepared bath, and brought within the action of the first rake. The series of 
rakes c are actuated by the bevelled gearing shown, which carries cranks, whose revolutions 
immerse the rakes at the point of their traverse nearest the back or feed end of the machine, and 
slowly push them through the liquid, each rake carrying with it the wool that had come within its 
reach, and delivering it to the next. This slow propulsion prevents the matting or stringing of the 
fibres, and the felting that would ensue were the action quicker, whilst it is sufficiently quick to 
thoroughly cleanse the wool by the time it reaches the opposite end of the tank. Here the last 
rake delivers the wool to the reciprocating harrows d. These are frames with rows of alternate 
prongs on the under side. Each frame moves with its prongs parallel to and nearly touching the 
inclined plane, and returns over it with its prongs away from and clear of it, in the same manner as 
the rakes of the tanka retire backwards over the water. The inclined plane is made of polished plate- 
glass, in order to reduce the friction to a minimum, and consequently the stringing and entangle- 
ment of the fibre, whilst the rapid flow backwards of the water brought with it by the saturated 
wool returns all impurities that might have been brought up therewith into the tank. As one 
harrow is travelling up the plane with the wool it has received, the other is returning. The washed 
wool is brought forward by the strokes of the rakes to the bottom of the incline, upon which it 
subsides within reach of the harrow, which then slides it up. Arriving at the top, it descends by 
its own gravity, a chute or reverse incline /, also of plate-glass, at the bottom of which it comes 
within the action of the pressure-rollers g g'. The prongs of either one or other of the harrows are 
always acting upon the wool, sliding it forward over the plate-glass surface, neither leaving it 
until the other has descended upon it, which produces a constant and uniform delivery, preventing 
all backward slip, which would lead to entanglement. 

These machines are easily combined, and made single, double, triple, or sometimes in sets of 
four. In small establishments, a single machine may suffice, the wool being put through twice ; 
the first time for scouring, the second for rinsing. In large establishments, where a great quantity 
of wool is consumed, and the best results are desired, the combined machines are used, and the wool 
is washed, scoured, and rinsed at one operation. In a set of four, cold or tepid water may be used 
in the first trough, scouring baths in the next two, and again tepid or cold water as may be desired 
in the last ; or any other arrangement may be adopted that skill and experience may devise as 
likely to yield the most satisfactory result. When the liquor in the first scouring-trough has 
become unclean, it may be run off, and that from. the second made to take its place. For this pur- 
pose, the makers have invented a steam-jet transmitter, which causes the liquor when required to 
flow quickly from one trough to another, thus enabling all the troughs to be placed on one level, 
instead of at difierent elevations, as necessitated when the contents are required to flow from one 
to another by gravitation. The steam used for this purpose is utilized in warming the respective 
baths. Where it is impossible to arrange several machines in a straight line, the troughs can be 
made in the form of an elbow, the feeder being at right angles with the delivery. 

The process of cleansing the raw material is exceedingly important, and when badly performed 
gives rise to the most unsatisfactory results, the real cause of which frequently passes undiscovered. 
To secure the end sought, requires the employment of soap uniform in strength, the use of a proper 
quantity for each bath, the right temperature of the water, care in rinsing, and uniformity in feed- 
ing. On no account should the troughs be so filled with wool as to cause the latter to be shovelled 
forward, as it were, by the rakes ; but the supply should be so graduated as to allow each lock 
to be Ihoroughly exposed to the cleansing influence of the scouring liquor, and similarly to the 
clearing action of the rinsing bath at the close. These points require conscientious attendance. 

Drying . — Wool which is intended to be dyed passes from the scouring to the dye bath. When 
this is not the case, it is dried. 

The process of drying, as usually performed, is in several respects unsatislactory. Ordinarily it 
is spread upon a perforated iron floor over the boilers, when that can be arranged, in order to econo- 
mize what would otherwise be wasted heat. When this is not convenient, steam-pipes are arranged 
so as to admit of the wool being laid over them. Layers of wool are then spread over the area in 
•succession, and the wool is dried by exposure in this maimer to the radiant heat. It is obvious, how- 
ever, Jhat when the layer is unevenly spread, which cannot be avoided, the drying will be uneven, 
and injury to the wool will result. The parts in contact with the floor will dry first, and, if not 
very carefully tended, will become hard and brittle before the other or upper portion of the layer 
has bee® sufficiently dried. The manner in which this is sought to be obviated is by turning the ' 
wool frequently and respreading the layer. If carefully done, this prevents much injury accruing, 
though the evil is not entirely eliminated. 

This process, unpromising as it might appear, has also been subordinated to mechanical treat- 
ment, and Fig. 1443 represents one of the machines employed for this purpose. As will be seen, it 
consists of an oblong iron frame a, with sloping sides and a flat top. A light iron frame, over which 
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is strobed a covering of strong galvanized iron network b, forms the roof. Above tljp project a 
number of tubes c, forming air-inlets, which are arranged at equal distances from each other in two 
rows. Two shafts dd’ extend horizontally through the length of the frame, having bearings or 
journals of special construction, which are self-lubricating. These journals are placed immediately 

1443. 



above each air-inlet. On each shaft, is a series of fans, composed of wrought-iron, and having 
similar casings or bottoms. These fans draw the air in through the inlets c. Inside, are a number 
of steam-pipes, made of either wrought or cast iron, 2-3 in. internal diameter. The fen-shafts 
carry fast and loose pulleys e for driving. 

The process is as follows : — The net-work being covered with a uniform layer of wool, not very 
thick, the steam is turned into the pipes, and the fans are set to work. These draw the air through 
the inlets ; in its course it comes into contact with the steam-heated pipes, by which it is warmed, 
and then uniformly discharged through the net-work and the layer of wool. As the heat can be 
regulated to a nicety, or even cold air be employed, the wool with care never need be overdried or 
rendered harsh. This machine is also made by McNanght. Its dimensions are 6-9 yd. by 3 yd. 
It is capable of drying 2000-3000 lb. in a day of 10 hours. 

The objections to the antiquated system of drying described above, have also led to the inven- 
tion of anottier drying-machine, a longitudinal section of which is shown in Fig. 1444. This differs 
essentially from the one just described. It is the invention of Moore, of Trowbridge, the centre of 
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the West of England clothing district, and is made by W. Whiteley and Sons, Lockwood, near 
Huddersfield. Hot air is the agent employed in drying, as in the preceding machine, but provision 
is made for continually redistributing the wool. The moving parts, omitting coou’izauce of the 
driving-gear, consist of two series of roUers a a', and a drum b about 4 ft. diam., the periphery of which 
is covered with small spikes. When working, this drum makes 100-120 rev. a minute The t 
series of rollers also revolve, though only at a slow pace, their function being to carry thd ww^ 
backwards and forwards. As the rollers of each series all revolve in one direction it is obvious 
that the wool will be passed from one to another until the end is attained. The rollers are made 
of iron tubes of about 3^ in. diam., and are set sufficiently far apart to allow of free revolution the 
interspaces permitting the circulation of the current of heated air. The revolution speeds of these 
rollers can be regulated according to requirement. Beneath the rollers, are several tiers of ateam-nioea 
c c', for the purpose of heating the air. At the top of the machine, are two flues or tub^ dd' 
extremities are carried outside the building, and ore supplied with power-driven exhaust fens for 
the purpose of inducing a current through the machine. Each end of the machine is furnished with 
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a door. Whgn the process commences, the door e over the spiked drum is closed and &8tened, and the 
one at the opposite end / is opened for the reception of the charge of wool. The weight usually put 
in at one time is sufBcient to yield about 100 lb. of dry wool. This quantity is placed upon the lower 
series of rollers, and the door is then closed. By the action of the rollers, the wool is gradually 
carried forward, until it comes within reach of the spikes of the revolving cylinder, which strike 
it downward, carry it round, and project it upon the upper series of rollers. Here it commences its 
return course, and when arrived at the last roller, it falls over, dropping down upon the lower series 
again, when it recommences and repeats its journey. This is continued for 20-30 minutes, when 
the charge will he thoroughly dried, and ready for withdrawing. The door being opened, the spiked 
drum throws out the wool g, as shown in the illustration. The heap h represents wet wool. The 
traversing of the wool by the rollers, and its teazing by the spiked cylinder, secures thoroughly 
uniform drying, whilst the action of the latter also often renders it unnecessary to pass the wool 
through a teazer before sending it to the card. To facilitate the extraction of dust, dirt, and foreign 
matter, a grid is inserted in the under portion of the case. About 1500-2000 lb. of wool may be 
dried upon the machine represented. It is made in various sizes, according to requirement. 

Opening. —Mtei being properly dried, the wool is ready for opening, which has for its objects 
the disentangling of any matted fibres, rendering the whole mass loose and open, so that the fibres 
can bo easily worked or 
drawn &om each other in 
subsequent stages ; and 
the removal of the dust 
and- impurities that re- 
main after the washing 
and scouring processes. 

The “ shake willow ” or 
“teazer,” Fig. 1445, is 
the machine usually em- 
ployed. It is composed 
of a cylinder a having 
spiked teeth, which 
usually runs 400-500 rev. 
a minute. Over the 
cylinder, workers 6 are 
arranged, which are ac- 
tuated by means of the 
gearing shown on the 
exterior. These make 

about 30 rev. a minute. The action of cylinder and workers in combination tears and opens all 
matted and entangled portions, and releases the dust and foreign substances, permitting the 
heavier portion to fall through the grid c at the bottom. At the back, an exhaust-fan having a 
rapid revolution draws away the lighter refuse, which is discharged through a tube into the open 
air. The machine receives its 
charge through the door formed 
by the grate, which, being 
hinged, can be raised or lowered 
at wilL *When closed for work, 
a canvas apron is brought down 
before it, to confine the dust. 

When charging, the attendant 
takes up an armful of wool, and 
' placing it in the machine, closes 
the door, sets it to work, mid 
allows it to run for the time 
which experience teaches him 
the quality or state of the wool 
will require in order to effect a 
thorough cleansing. After work 
has commenced, it is usually 
charged and fed without being stopped, though the operation is not free from risk, and a little 
carelessness reqjlers it highly dangerous. 

Of late years, efforts have been made to improve the common “ willow.” Fig. 1446 shows one 
ef the most recent attempts to realize this end. In some respects, it is not unlike the conical 
willow, so well known in the woollen trade, and which was adapted originally from the cotton 
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trade ; but it has several importtmt differences. The wool is placed upon the endle^rapron <t, by 
which it is carried to the feed-rollers 6 ; behind these, it is immediately seized by the teeth c of the 
teazer, which tear it asunder and open it out. These teeth are set upon bauds of iron, arranged 
spirally round the front part of the shaft, in such a maimer as to send the wool forward towards the 
interior of the machine. This part is constructed so as to form a fan, which, by its action, draws 
the air forward, and with it the wool, preventing the latter becoming matted or entangled. When 
the wool has cleared these teeth, it enters the larger part of the machine, where it comes into 
contact with the beaters, helically arranged upon the shaft d. These, whilst the wool is suspended 
in the air, drive it against the casing of the machine. This casing in the upper part is provided 
with iron rails, against which the wool is thrown, and further opened without injury. The lower 
half of the casing consists of a grid, through which the dust and dirt escape. The fore part of the 
grid, beneath the teazer, is composed of iron bars, whilst that of the length under the beater is of 
wire network. In the former case, the heavy dust and dirt of dyed wool is shaken out before it 
comes to the blend, where it would absorb a large quantity of oil. When the wool has arrived at 
the end of the machine, it is ejected through an opening provided for that purpose. One impor- 
tant addition is the hopper e on the top of the case, which will permit the introduction a second 
time of wool that requires an extra amount of beating, but which might be injured by further 
teazing, the teazer being avoided at this point. It also serves for introducing wool of a quality that 
requires no teazing. Mungo and wool may be mixed by the same means. The novel points 
embodied in this machine entitle it to the notice of manufacturers. 

Burring. — Man y wools contain a great quantity of seeds, and other matters of vegetable origin, 
acquired in the pastures in which the sheep have been fed. These are technically termed “ burrs,” 
and are often exceedingly difficult to remove, owing to their frequently being covered with sharp 
hooked prickles or claws, a provision of nature to effect their distribution. These considerably 
depreciate the value of wool, because of the trouble and cost entailed in their removal. If allowed to 
pass on to the card, they get broken up, the husks and spines becoming embedded in the yams and 
cloth, occasioning much annoyance in the spinning and weaving processes, and ultimately being 
discoverable in the finished fabric, yielding a sensation as if the manufacturer had wrought into his 
cloth an infinite number of needle points. 

There are two systems of getting rid of this vegetable matter, both of which are effective and 
highly useful, though not without certain drawbacks. The first is by means of the burring- 
machine, and the second is by the process previously described as “ extracting,” by which, in the 
rags of uniok textures, the vegetable matter is destroyed, leaving the wool or other animal tissues 
intact for use again. The extracting process is deemed the best for the class of wools and noils 
technically denominated “ shivey," and which contain broken burrs, small seeds, and motes in con- 
siderable quantity, for the removal of which, the burring-machine would not be very efficacious. 
To some extent, the nature of the wool is injuriously affected by the chemicals used, but this is a 
minor evil compared with the other, and therefore is the one the manufacturer elects to encounter. 
Where the “burrs ” are of fair size and unbroken, it is preferable to remove them by mechanical 
means, rather than by the chemical process. The wool is thereby preserved in all its qualities, at 
the cost of a little trouble and expense. 

The burring-machine is represented in perspective and section in Figs. 1447, 1448. It has 
the usual feed-lattice a and rollers 6, after which comes a beater or fan o. Underneath the working 
parts, a travelling lattice d is extended ; over its further extremity and in contact therewith, is a 
roller-brush e. The latter works in contact with the large cylinder, which is fitted with a series of 
steel plates, about 1 in. in width, set closely together, the front edges of which are e^ed with 
fine steel needle-like teeth, inserted obliquely, so as to incline the points upward or forward 
in the direction of the revolution of the cylinder. These teeth do not project above the 
surface. Beneath the cylinder, are two small rollers g g', the first being clothed with bent card 
wire, and the second with strong hog-bristles. In close proximity to g', is the burr-roller A. Just 
above the burr-roller, two bars of iron i are extended across the feoe of the cylinder, the sides 
against the cylinder being concave. These are termed “ledger-blades.” Acting in the space 
between these blades, is another burr-roller j, and beneath this is a grid A, over it being 
another large roller I, carrying ribs and spikes. On the opposite side of the cylinder, ^ anotter 
large roller-brush m, whose function is to strip the wool from the cylinder, and discharge it into 
a box. 

The process is as follows. The wool is fed by hand upon the lattice a, which carries it between 
the rollers b, on delivery from which, it is struck downwards in tufts by the beater c. Calling upon 
the interior lattice d, which carries it into contact with the revolving brush e; this conveys it to the 
cylinder f, the needle-pointed armour of which seizes the fibres, but forces tlie burrs into a 
prominent position, which subjects them to the strokes of the spiral blades of the burr-roller A 
sometimes called the “knocker-off.” The smaU card-roller g strips the wool from the bmsh- 
roller e, which happens to escape being taken iq the first instance by the large cylinder. This it 
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'deliTers toihe brnsh-ioller g", which in turn gives it to the cylinder. When the wool has passed 
the hoir-ioner A, it is smoothed down by the concave faces Of the bars t, after passing the first of 
which, the bnrrs that have escaped the first roller are caught by the second y, and struck off upon 
the grid k, where they become subject to the action of the large roller I, whose function is to beat 
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them through the grid into a receptacle'provided for them. The wool now freed from its impurities 
is carried forward by the cylinder to the brush m, which revolving at a greater speed than the 
cylinder, clears it, and discharges the wool into a box. 

The principle of the machine is to open and disentangle the fibres of the wool so thoroughly as 
to loosen and throw the bnrrs into a position where they can easily be struck off and discharged 
by the rollers. The wool that adheres to the burrs can be recovered by the “extracting” 
pfbcess.,, 

Blending . — The wool having got thus far is now ready for “ blending.” This is the mixing of 
different qualities together, in order to produce the required result. Where only one kind of wool 
is used in the process, it is simply spread in layers, and freely sprinkled with oil, when it is con- 
sidered desirable to oil at this point. “ Blends,” however, are often made up containing more or 
less of other fibres than wools strictly so-called. These are analogous animal hairs, shoddies, 
mungoes, “ extracts,” cotton, and silk waste. Of whatever the blend is composed, care should bo 
taken to ensure that it shall be so thoroughly mixed that, in the succeeding processes, the incor- 
poration^ of one fibre with the other shall be so perfect that aU distinction between them shall be 
lost. If this is not accomplished, the yhrn will exhibit inequalities of draft, owing to tSe essentially 
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different nature of the fibres, showing a inasa of cotton or other fibre at one place, and* wool almost* 
alone at another. In the dyeing and finishing processes, these defects come more strongly into 
view, after having at each stage proved unsatisfactory in working, and diminished the prodnction. 
When the blend is composed of both animal and vegetable fibres, this care is doubly necessary, 
otherwise each fibre is likely to assert the individuality of its nature, and to separate from that 
with which it was required to blend. To ensure the desired results firom the mixtures of fibres 
differing so essentially as do those of animal and vegetable origin, the amalgamation must be perfect. 

In deciding upon the component parts of a blend, regard must be had to the fact that these 
different fibres do not all require a similar amount of carding, and that an incongruous mixture in 
this respect will often prevent the attainment of satisfactory results, even when otherwise the most 
perfect care has been displayed. When two classes of material are required to be mixed, they 
should harmonize in this respect as much as possible, which will give a chance of obtaining, if not 
of securing, the production of approximately perfect yarn. Another point to which attention ought 
to be paid is the fineness to which it is intended to spin the yarn. The capability of the separate 
fibrous materials of being drawn to this length must be kept in view, and harmony as nearly as 
possible be established, otherwise the capability of the best portion will be lost in that of the 
inferior ; or if the former is utilized, the lower quality will be thrown out as waste, and the result 
be costly and unsatisfactory. The end to be souglit is to obtain the greatest possible percentage of 
yam from the blend, at the least expense in labour ; this cannot be done unless regard is had to 
these points. It is not true economy to overwork a low material, nor to underwork a good one. 
One fault is equally as bad as the other, though the errors may be on the opposite sides of the line 
of rectitude. 

In blends of different qualities of wools, or of wools and other fibres, one general principle 
should always guide the proceedings. This should be to spread out a thin layer of one quality on 
a clean fioor over as wide an area as convenience will permit, upon which all the successive layers 
should be placed equally thinly, and in proper rotation. The batch should be well beaten down 
with sticks, which will help to blend the materials, and keep the bulk within reasonable compass. 
When used, the material should be always taken from the sides : drawn down vertically from top 
to bottom by means of a short-pronged rake. This will secure a thorough intermixture of the mass. 
To take from the top, it will be obvious would simply be to separate the materials again. 

Wool and Silk Waste. — In laying down a blend of wool and silk waste, it is important to see 
that the silk is cleared from the natural gum, as otherwise it will not easily intermix, and in after 
processes could with difficulty be retained. Should it afterwards be subjected to warmth and 
moisture, it is also liable to have its gum partially dissolved, which would cause it to adhere to other 
portions, and to clog the machinery in an inconvenient manner. The next point of importance is 
that the silk waste must be of the colour intended for the ground of the fabric, and not that of the 
relieving mixtures. Should it be intended to produce a gray mixture of say 75 per cent, black and 
25 per cent, white, the silk waste must form a portion of the black. The wool before the admixture 
takes place should always be thoroughly well scoured. The silk waste should be reduced in the 
fibres as nearly as possible to the length of staple of the wool with which it has to be mixed. The 
fineness should also approximate as closely as can be attained. The silk portion of the blend being 
extremely light, it is requisite to have all parts of the carding machinery — cylinders, workers, 
doffers, and “ fancy” — very accurately adjusted, and the clothing smooth and sharp. The doffers 
should not exceed about 4 rev. a minute, and the “ fancy ” ought only barely to exceed the rate of 
the cylinder, so as to work with as little draught as possible, in order to prevent the generation of 
electricity. Oleine is the best lubricant for this blend, but care must be taken to have it free from 
acid. 

Wool and Cotton. — Blends of wool and cotton are usually for hosiery purposes. In this class of 
mixtures, the Belgian manufacturers have achieved considerable eminence. With their system, 
they have successfully mixed all proportions of wool and cotton, reducing the former element until 

it has become conspicuous mainly by its absence. In each case they have produced useful yams 

at a price with which other spinners and manufacturers have found it difficult to compete. The 
poorer qualities of course are devoted to the production of low grades of yams. These have usually 
been known as “ Vigogne ” yams, so called from a Brazilian animal whose fieece partakes of the 
characters of those of the sheep and the goat. 

A high quality of this yam would be composed of half wool and half cotton. Both materials 
should be good and sound in staple. The wool ought to be fine merino, and the cotton of long 
staple and very clean. The wool should be thoroughly cleansed from dust and foreign ‘Substances 
well scoured, carefully dried, wUlowed, and oiled. The carding process requires to be carefnlly 
performed, the ordinary breaker-card being nsuaUy selected. All the parts shouW he accurately 
adjusted, the workers put on slow speed, and the clothing perfectly smooth and possessiug a good 
working point, so that the wool on being put through shall be delivered as straight possible. 
It should b^ made into a lap in this process. “ , 
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The cotton is first pnt through the opener, and made into a lap.. For good work, it is then 
carded to ihke out all short or defective fibre, neps, motes, &o., in order to secure a clear yam. 
Where this is not essential, the carding may be dispensed with. After carding, the slivers are again 
put through the opener to facilitate admixture with the wool. The proportions of each are next 
weighed out, blended together, and again put through the teazer once or twice in order to secure 
thorough admixture. The slivers are then ready to go through the woollen card and condenser. 
The result, if the operations are properly performed, will be a clean, level, and thoroughly uniform 
yam. 

Where the highest results are not wanted, a simpler method is often adopted. The proportions 
being decided on, and weighed out, the wool is first teazed, then oiled, then teazed again. The 
cotton is next put through the opener, after which the materials are carefully mixed, each layer 
being spread out very thinly one over the other until the blend is completed, when the mixed 
mateiial is taken from the side, and again passed once or twice through the teazer, care being 
taken each time to further blend the material, when it is brought from the front to the back of the 
machine, by turning the outside of the mass to or. upon the middle, there being a tendency (owing 
to difference of specific gravity of the two fibres) to separate. The cotton must in no case be oiled, 
as it will take from the wool all the oil it will require. 

Oiling. — The oiling of wool is an important and indispensable process in the manufacture of 
woollen thread. Its purpose is to covet the scales of the fibre, and make a perfectly even surface, 
which will allow the fibres to glide over each other without interlocking, and without injury to the 
scales, in the processes through which the wool has to pass. Insufficiently oiled wool loses 
much more fibre in its manipulation, and suffers injury to its felting property, thus yielding an 
inferior article at a higher coat, compared with that obtained from a properly lubricated stock. 

The plan of oiling in most general use is the hand process. This is best performed in the fol- 
lowing manner. The blend having been properly made, and mixed in the teazer or “ fearnought,” 
a portion, say as much as can be conveniently used before considerable evaporation ensues, should 
be taken and spread over as large an area as convenience will admit of near the back or feed of the 
machine. The spreading should be in thin and even layers. Each layer in succession should be 
liberally oiled, and at every second layer the mass should be beaten down with sticks, which serves 
to bring all the fibres into contact with each other, and so to distribute and ensure a thorough 
oiling of each. The best instrument for securing an even distribution of the oil is a can having 
a spout in the form of the letter X, both stem and crosspiece being tubes, the latter perforated with 
several rows of fine holes, whilst its ends are closed with caps which can be taken off for cleaning. 
The tubes should be about IJ in. diam., and the eross-piece 9 in. long. The oil should be strained 
or filtered through a piece of thin cotton cloth or other material that would take out coarse 
impurities. When this has been done, the oil-can, being supplied, should be swung backward and 
forward over the layer of wool, in such a manner as to carefully and evenly distribute the oO, and 
secure the oiling of every particle. Each layer should thus be oiled in succession, until the whole 
is completed. When used, the wool, as before, should always be taken from the side of the blend, 
commencing at the top and drawing downwards. All points considered, this system of oiling gives 
the most satisfactory results. There are, however, several plans of mechanical oiling, means for 
accomplishing which are attached to the teazer, fearnought, or carding-engine. 

In oiling at the teazer or fearnought, a revolving brush is generally used, which is so arranged 
as, after taking up oil from a tank, to cast a fine spray of oU amongst the material jnst before enter- 
ing the machine. When this system is adopted, it is desirable to again pass the wool through the 
feamo^ht, to secure thorough lubrication of each fibre. 

Wool is sometimes also oiled just previously to entering the carding-engine. It is accomplished 
by a mechanical appliance, similar to that just described. Advantages are claimed for this system 
over both the preceding, and in theory it is perhaps superior, and affords a better opportunity than 
either of the others for effecting thorough lubrication. The practical difficulties, however, have 
hardly heen fully overcome. The system is therefore not yet likely to supersede the first-named. 

An important matter requiring the carefid consideration of manufacturers is the kind and 
quality of oil to be used in this operation. The object of oiling, as previously stated, is to cover or 
sheath the scales on the surface of the wool so as, in the first instance, to prevent their becoming 
’entangled with each other in the working process, which leads to great waste of its fibre and 
damage to that which is not lost, whereby it is injured in its felting properties ; in the second, it 
is to preserve the latter quality intact for utilization in the fulling process. It will be obvious 
that other fluids would serve equally well, could they be retained by the wool for a sufficient 
length %)f time to permit the latter to pass through the machinery. Accordingly, numerous 
compositions are offered in the market as cheap substitutes for the more costly oil. As a rule, 
however, oij maintains its position in the estimation of the trade as the best and most economical 
lubricant, all circumstances being considered, though there are cases in which some of these 
comi»sitions may be advantageously used. 
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A good quality of oil, very pore and free from acids, is the best, as it is retaiaed the longest by 
the wool, and does no injnry to the card clothing, nor to the colonr of the material. TSe nature of 
the wool being worked will, to a certain extent, always influence the selection of the oil, but apart 
from this consideration, experience has shown that oleine is a cheap and very satisfactory lubricant. 
It is expressed from animal fats, and is specifically known as tallow-, lard-, and neat’s-foot oils 
(see p. 1367). A recent writer on the subject advocates the oleine obtained as a bye product from 
the mann&ctnre of stearine candles (see p. 585). Bnt should the oil not be cleared from the 
sulphuric acid used in its preparation, the card clothing will be injured, the felting property of the 
yam will be damaged, and the operatives who have to handle the wool will suffer in their hands 
and arms, the acid often destroying the finger-nails. Conuuercial oleine always contains less or 
more acid, the quantity varying from J per cent, upwards. Bed oil is of a kindred nature to the 
above, and is usually similarly contaminated with mineral acid. A ready way of testing oils for 
mineral acids is to place a drop on blue litmus paper, which, if only a faint trace of acid be 
present, will turn red. 

Of the compositions used, the following are regarded as good ; — (1) Take of oleine 10 per cent., 
and boiling water 15 per cent., of the weight of the wool to be oiled ; mix, and add a little sal 
ammoniac, sufficient 
to cause the oil and 
water to combine, 
after which it is ready < 
for use. (2) Pour into 
a trough or tuh 20 
parts of oU, 10 parts 
' liquid ammonia, and 
5 parts water; mix 
with a wooden stick> 
inject steam, and 
allow the liquid to 
boil until the strong 
smell of the ammonia 
has evaporated; the 
mixture may then be 
applied in the ordi- 
nary manner. This 
latter is stated to be a 
useful and economical 
lubricant, giving uni- 
form results, and nei- 
ther injurious to the 
colonr of the wool nor 
to the card clothing. 

Lard and olive oU are, however, always the most reliable, and generally used when the best 
results are desired. The quantities greatly depend upon the state of the wool, but it wiU be 
found that 4-6 qt. per 100 lb. wiU ordinarily be sufficient. Where the blend, however, contains a 
proportion of mungo and cotton, 
this quantity will require to be 
exceeded. 

The “ fearnought,” Fig. 1449, is 
the last machine employed in the 
opening process, and is used to 
perfect the work of the teazer in 
opening out the tufts or locks of 
wool, in order to facilitate the work 
of the carding-engine. It is com- 
posed of the framework a, contain- 
ing the cylinder b, which is usually 
45-50 in. diam., and makes 150- 
200 rev. a minute. Its surface, com- 
posed of wood, is covered with rows of 
iron teeth 1 in. long, and in shape 
like a dog’s tooth, extending across 
the face, and set about 1 in. apart. The teeth of each row alternate with those of the precedinu 
The small roUers, shown in detaU and in section in Fig. 1450, c, are denominated workerff and 
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generally revolve about 20 tiiues a minute. The small Tollers d, alternating with the workers, have 
a greater snrhice speed than those rollers, their function being to strip them. Both workers and 
strippers are clothed alike with one kind of teeth, set in a similar manner to those of the cylinder. 
The workers and strippers are carried upon bearers e, attached to the bend /, and a corresponding 
one on the opposite side. By means of the bearings e, the workers and strippers can be adjusted to 
each other and to the cylinder, according to requirement. The cylinder ^ is a fan, across the face 
of which are fixed bars of wood, each carrying two rows of straight iron teeth. At the back of the 
machine is the feed-apron or travelling lattice A, on which the wool is placed, and carried to the 
feed-rollers «. The direction of the "arrows shows the course of revolution of the rollers. In 
operation, the rollers are all enclosed in a sheet-iron casing, which is continued underneath, and 
there perforated, to permit of the dust dropping out, whilst all fibre is retained. Its enclosure also 
enables the fan to develop and maintain a current of air. 

The arrangement of the different rollers in this machine is on the same principle as prevails in 
all the carding processes, of which it may be called the first stage. The bottom feed-roller is set 
so that its teeth shall cut as it were into the circle formed by the extremity of the teeth of the 
cylinder to a depth of about i in. The top feed-roller, whilst set back from the cylinder, must 
similarly work into the bottom one. The first stripper is set so as to clear the top feed-roller, 
which it does by its quicker revolution, and must bo set to within J in. or less of the face of the 
cylinder, so as in turn to be cleared by it. The workers must be set so as to dip their teeth about 
■|-i in. into those of the cylinder with which they must alternate ; and each stripper must be set 
to take the wool from its respective worker, and, at the same time, return it to the cylinder. The 
course of revolution in each case is indicated by the arrows, and the particular effect is obtained 
in a great degree from the different smrface velocities. 

The operative takes the wool as received from the oiled blend, and feeds it by hand upon the 
travelling lattice, which carries it to the feed-rollers. Passing through these, it is seized and 
carried upwards by the teeth of the cylinder, some portion however being struck into the upper 
feed-roller. This is stripped by tlie first stripper working into that roller, and given over to the 
cylinder. The wool which the cylinder has already obtained is carried upward with great velocity, 
but is soon arrested by the first worker, which, though revolving in the same direction, does so at 
such a diminished rate of speed that it takes the wool from the cylinder into its own possession ; 
but carrying it round, the worker is immediately relieved in tnm by the stripper, which is 
revolving at a greater speed. The stripper instantly gives it back to the cylinder. The wool is 
again arrested by the next worker, when it follows the same course as in the last case. This is 
repeated until the series is gone through, when the wool will have been sufdciently opened to fit 
it for the carding-machine. From the last stripper, the cylinder carries it forward to the fan, 
which, revolving at a quicker rate than the cylinder, clears the wool therefrom, and throws it 
out at the front upon a sheet laid to receive it, and in which it is tied up and carried to the 
carding-room. 

Scribbling, Carding, and Condensing . — ^These processes are simply stages of one and the same 
thing, namely carding. Up to this point, the operations have been designed to free the wool from 
dust, grease, burrs, &o., and to open the felted or matted portions. The machinery employed has 
been of a character appropriate for the work, the clothing of the various rollers, cylinders, &c., 
having been rough and strong. Scribbling and carding are intended to perfect this work, 
accomplishing by finer instruments that which the rough ones could not achieve. The entangled 
locks of wool are now separated fibre from fibre, the curls or undulations of the wool are 
straighlbned out to some extent, and the blend is more thoroughly intermixed than before, the 
whole being reduced to a perfectly homogeneous condition. 

Carding machinery is usually arranged in “ sets,” one set being those machines which perfect 
the preparation of the wool for the spinning process. Usually in this country, or rather in the 
Yorkshire woollen districts, the set is composed of two machines, the scribbler and the carder with 
its condensor attachment. In some districts, of which New England (U.S.) may be cited as an 
instance, the set is composed of the scribbler, intermediate, and condensor. Where the best results 
are required it is necessary to use the three, or at least it may be regarded as advisable. There are 
many variations of form, and different systems of feeding these machines. It is not needful to 
describb these in detail; therefore a selection will be made of the most recently improved or 
perfected. 

"The English system of wool carding for the production of woollen yam is perhaps as perfectly 
illustratijjl in the set of machines constructed by the firm of John Tatham and Co., of Rochdale, as 
by any now in the market. Good carding is to a great extent dependent upon regularity and even- 
ness of feeding. This was previously and is now widely performed by manual labour, the process 
being to wei^h a given quantity of wool, and spread it equably by hand over a measured space of 
the feed-lattice. A good result is thus entirely dependent upon the conscientious performance of 
duty and the skill of the labourer; qualities that are not always to be had. The difficulty of 
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seeming them has led, as in many previons instances, to the inventitm of an antomatic method of 
■weighing and feeding the scribbler-card. This is of American origin, and is named tfie Bramwell 
antomatic feed. By this invention, results are achieved surpassing in quality the best efforts by 
hand. The machine forms an attachment to the carding-engine, and is shown at A on the right of 
Fig. 1451. The wool is fed promiscuously at the back, a large supply being placed in the feed- 
box or receptacle a, which has a grating at the bottom, to permit dust or similar refuse to pass 
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through. ' At the rear of this box, is an elevator, a toothed apron, the teeth of which are of peculiar 
construction. These teeth take hold of and carry the material upwards, until it arrives in contact 
vrith an oscillating comb, which has a long slow sweep in front of the apron. The function of this 
comb is to take off the surplus wool from the apron, leaving only an evenly-distributed layer 
amongst the teeth of the latter. On the descending side of the apron, it is brought into contact 
with a short stripping-apron, the action of which is much quicker. This is produced with flexible 
strips of leather, which sweep off the wool from the teeth, and convey it in connection with a hollow 
or concave shell into a weighing-scale b. This scale is composed of two parte, kept together by 
weights, the whole being suspended on steel knife-edges, and balanced with movable weights, 
which can be fixed to weigh any desired weight. When the scale has received its proper amount, 
it liberates a small trigger, which causes a projection to come into contact with the teeth of a 
revolving disc, connected with an automatic clutch that disengages the driving-belt actuating the 
toothed apron, and stops the further delivery of material to the scale, which now remains at rest. 
When the proper moment arrives, the parts of the scale separate, and deposit the wool on the feed- 
lattice c in a loose open condition, well suited for the cards. The scale then closes, and is carried 
back for more wool, the toothed apron recommencing its revolution, and the process going on as 
before. In the meantime, the lattice which has received the wool has moved on, and has brought 
up a clear space on which to receive the next discharge. f 

This attachment to the card has met with great favour in America, and has latterly been received 
with approbation in this country, numerous manufacturers of eminence having adopted it. It takes 
no more room than the ordinary lattice-table, is complete, perfectly automatic, and requii-es but little 
power to drive it. Besides delivering the wool with great regularity, it mixes and opens it, thereby 
improving its condition for the card. It takes out a considerable portion of the foreign matters the 
wool may contain, rendering the carding much easier, and preserving the cards. An increased 
production of 20-30 per cent, is obtained, whilst considerable economy is effected in the matter of 
wages, one man being able to superintend three sets of three cards to a set. It is so constructed as 
to seldom get out of repair. The qualities it possesses in combination are that it delivers a uniform 
quantity over a given space at uniform intervals of time. All these factors can be varied 
separately or together, so as to produce any modification of the result that may be desired. 

The card may be of various widths, and single or double ; that is having one or more cylinders. 
Fig. 1451 shows a single card with the Bramwell feed attachment A on the right, and^Tatham’s 
patent balling-machine B on the left. This is another ingenious and comparatively recent invention, 
the function of which is to take charge of the carded material, and make it ready for the next 
machine. The wool is coiled or wound upon small wooden bowls or bobbins. The machine has a 
supply of these bowls d placed upon its top, whilst another is held between two discs shown 
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between the sides of the machine. The wool comes from the doffer of the card in the form of a 
sliver : a sdft untwisted rope, which is then carried through a revolving tube, the action of which 
imparts more cohesive power to the loose fibres, to enable the sliver to be drawn from the bowl in 
the next process. When the bowl between the discs is filled, the latter separate and allow it to 
drop out into a box, and immediately thereafter an empty bowl from those on the top is brought 
down and placed between the discs, which now close and hold it as before. After the discs have 
made a few revolutions, in order to attach the sliver to the empty bowl, the sliver hitherto unbroken 
from the full howl is automatically severed, and the bowl may then, at the convenience of the 
attendant, be carried away. This system is highly recommended where the plan of feeding the 
intermediate card with sliver is in use. 

Having described these attachments, the card itself demands notice. As before stated, the 
cards may have one or more cylinders, or “swifts,” as they are usually termed. When two 
cylinders are used, there are no important differences in the mechanism, the only alteration neces- 
sary being that the clothing of the rollers and swift shall be finer in the second than the first. 
Kg. 1452 illustrates a section of a double wool-carding engine, and its introduction will serve 
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to show the manner of connection between the two parts, and the ordinary method of feeding the 
machine. They often also comprise a “ breast,” or a smaller cylinder which is also shown. In 
the ordinary feed, the wool is placed upon the travelling lattice a, and a given weight is as evenly 
as possible spread upon regular, marked spaces. In this case, the automatic feed attachment is 
shown also. Tliis lattice carries the wool to the three small feed-rollers 6, which deliver it to the 
“licker-in ” c, which in turn yields it to the rapidly-revolving swift d. The series of rollers shown 
on the periphery of the breast and the large cylinder are termed “ workers” e and “strippers”/. 
Each worker has its connected stripper. The large rollers g are called “ fancy rollers,” and the 
larger ones A “ doffers.” The second part is a duplication of the first, possessing in addition merely 
a doffer comb i, which by its rapid oscillation strips the dofi’er, and delivers the material in the form 
of sliver to the pressure-rollers, whence it is conveyed by one of several different methods in vogue 
to the condenser, when no intermediate is in use. 

All these rollers are clothed with appropriate card-clothing, composed of wire teeth bent at 
given angles, and set in sheets of leather, or of a compound of cotton and indiarubber; these 
sheets form what is called the card “ foundation.” Card-clothing is made in the form of sheets, 
4-6 in. wide, and of length sufficient to extend across the breadth of the machine. The number 
and fineness of the staples or teeth vary according to requirement and the position they have to 
occupy in the machine. These sheets are nailed across the face of the cylinder with great care, so 
as to present a perfectly even surface, curving only to the periphery of the cylinder, doffers, 
workers, and fancy, for which they are generally used. “ Filleting” is composed of long narrow 
strips usually J-2^ in. wide, and long enough to cover the roller in one piece. The smaller rollers, 
on which the clothing does not last so long as on the large ones, are generally clothed with filleting ; 
these are the strippers and angle-strippers. One end of the fillet, being made fast to the roller, is 
then wound helically over its surface, and secured at the other side. 

The arrangement of the teeth of the clothing is of importance, in order to secure satisfactory 
results. In fact, without a proper position and accurate setting, regard being had to the relation 
of speed each bears to the other, and to the direction of revolution, such a result cannot be had. 
The old-fashioned way of adjusting the rollers was by sight, but this was seldom satisfactory. A 
gauge has of late years been introduced, and has come generally into use. By its means, accuracy 
is*obtained and much time is saved. 

A brief explanation of the action of the cards may here be given. The “ licker-in ” takes the 
wool fr3m the feed-rollers, the card-teeth operating as hooks. As the periphery passes round to 
the cylinder, the teeth are then in the act of ascending (the bend being thus in the opposite 
direction), and presenting facilities for being stripped of the wool they have acquired. Here the 
cylinder, revolving 80-100 times, equal to a surface velocity of 1000-1200 ft. a minute, and its teeth 
bent upwards, takes the wool from the licker-in, and rapidly carries it forward to the first worker e. 
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The teetii of the worker are bent in the q>posite way to fhoee of the cylinder ; and thongh its 
revolntion is in the same direction, its surface Telocity is so much less that it takes the wool fiom 
the cylinder, a sharp carding or combing of the fibres taking place. As the worker carries the 
wool slowly round, it is reUeyed of its burden by the more swiftly revolving stripper/, whose teeth 
are bent upwards, and work against the back or smooth side of those of the worker, at the point of 
contact of their peripheries. The stripper as it carries the wool round presents the smooth side of 
its cards in turn to those of the cylinders, whose speed again enables it to take possession of the 
wool, which it then carries forward to the second worker, to which it again yields possession, and 
the operation just described is again gone through ; this is repeated at each succeeding stripper and 
worker, until aU have been passed. The next roller to which the cylinder carries the wool is the 
“ fency,” whose function is quite different from that of the workers or strippers. This revolves at 
a high velocity in the same direetion as the cylinder, yet thongh their t^th are set opposite to 
each other, its action is not to strip the cylinder — ^the actual passage of the teeth being back to 
back — ^but to raise the wool to the surface of the cylinder teeth, so that it is easily taken possession of 
by, or rather is thrown upon the teeth of,^ the slow-moving doffer, which are arranged with the 
bend upwards, in order to receive and retain it, until stripped by the first roller of another cylinder’s 
set (as shown in Fig. 1452) or cleared by the doffer-comb at the end of the cylinder’s work. The 
work of the scribbler is now concluded, and, if well performed, the basis of a good yarn is laid. 

Usually a set of cards is linked together in working, the product of the scribbler being 
• automatically carried to the “ intermediate,” and that of the latter to the condenser card. This is 
done to obviate certain defects of the scribbler, which has a tendency to deliver the wool in an 
uneven sheet from the last doffer. The purpose of the intermediate feed is to so present the wool 
to the next machine that their irregularity shall not lead to defective results. There are a con- 
siderable number of these “ feeds,” but the most characteristic are those known as the “ Scotch 
feed,” “ Marsden and Blamire’s feed,” and the “ ball feed.” 

In the Scotch feed the wool is doffed from the scribbler doffer by the comb, and delivered upon 
a narrow travelling apron in the form of a sliver 3-6 in. broad, which passes through a series of 
rollers, whose object is to compress it and secure its adhesion whilst in transit to the next mnAhiTio 
From these rollers, it ascends to a travelling apron or belt arranged overhead, upon which it is 
carried to a point over the lattice-feed of the next machine. Descending here, it is given to a 
travelling carriage, passing between two roUers as it is carried from side to side of the lattice-feed 
The carriage lays the sliver obliquely across the feed, the edge of one layer overlapping that of the 
preceding to nearly half its width, by which means a uniform layer or sheet of material is formed 
for delivery to the card. This, entering the feed-roUers obliquely as deposited, has its ineqn.n tin» 
to a great extent obliterated. ^ 

The arrangement known as Marsden and Blamire’s feed, though not very different in nrincinle 
diverges considerably m its details. As the film of wool is doffed, it is laid upon a travelling 
lattice, which moves away from the doffer, and delivers the material through severj guide-roUera 
to another lattice, mounted on a carriage underneath the top lattice, and which moves inwards 
and outwards, that is towards and firom the doffer, thus causing the scribbled material to bo 
deposited in layers untU a sufficient thickness has been formed. The carriage lattice upon whi^ 
the wool is thus laid, however, moves in a direction transverse to the upper one and to thrdirection 
in which the wool is delivered from the machine. In this manner, the scribbled material is 
^ered sideways to that m which it has ^n carfed, as in the preceding feed, and passing 
between a pair of rollers, is received by another, and wound into a lap. When fnUv form^ th' 
can be removed without stopping the machine. ^ rmea,.mia 

This feed is very suitable for a low description of work, as it obviatea tt.o 
that are apt to occur when the preceding form is used. It wiU be obvious that the'ffil^ 
passing through the scribbler have been laid approximately parallel, and are doffed in that co 
dition. The transverse delivery of the lap to the next machine causes the fibres to e t a 
by which the inequaUties of the lap are eliminated. This has aUo the effect of L!t “ . 
l^lel arrangement of the fibres, crossing them in different directions, and so aidine- T 
dnetion Of a crossed fibre condenser thread, the best arrangement of the material • ” 
cloth which has to be shrunk or milled in the finishing process : it also asaiats ^ i 7 ■ 
production of a full nap upon the fabric, the end of every fibre lying on the surface of ft !?*** 
This system of feeding is in most general use where the “ set ” consists only of the so 'bbl 
condenser. ' ” ““ 

One or other of the three systems of connecting or feeding the succeeding macbmoc 
scribbler, or modifications of them, will be found everywhere in use. Special ciiv..,™ t » ™ 
always decide the adoption of the most suitable. circumstances wUl 

The cheese-shaped balls of wool fixim the scribbler. Fig. 1451, are taken to the “ intenfi d’ t ” 

to a greater or less number as required are placed in a creel or bank a shown in Fig. 1453 aifill 

of the intermediate carding-engine. As given, it represents a machine 60 in wide 

• f wiia one cyfcnder, 
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six workeiB, six strippers, “ fitncy,” and doffer. In the creels, the balls rest on their edges npon tvo 
rows of rollirs b, and are maintained in the vertical position by slight bars c. The rollers are made 
to revolve and unwind the sliver firom the balls by means of the bevelled gearing at one end of the 
creel, as shown in the figure, thus delivering the sliver without strain, which, if permitted to occur 
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in a slight degree, would attenuate it, and thus render the product irregular. The slivers are 
conducted between a series of vertical pins, to prevent any overriding and uneven distribution as 
they pass through the feed-rollers, and thence through the series as named above. These, being 
precisely similar in their functions and details, except in the matter of clothing, which is finer, need 
not further be noted. 

Emerging from the intermediate card, the wool is doffed in the form of a flat sliver, which, by 
an apparatus, is concentrated or condensed from the width of the machine (in this instance 60 in.) 
to about 4 in. wide, and which, in its passage from this machine, is compressed between the small 
rollers a seen on the left of Fig. 1453. It is then conveyed by one or other of the feeds, or modifica- 
tions thereof, to the finisher-card. Fig. 1454, which is similar to the preceding, excepting in the 
feeding c^paratus being different, ap,d more like the Scotch feed previously described. Here the 
carding is completed. Attached to, and working in combination with it, is the oondensing-machine, 
by which the carded wool is delivered in narrow ribbons from the doffers — one or two, as it may be 
single or double — and which, passing between the rubbers, are, by a rapid transverse movement of 
the leathers, rolled or condensed into a coarse round thread. The doffer-cylinder of the oondensor- 
card is modified, by the clothing being divided, so as to form rings separated from each other by 
given spaces. The effect of this is that the film of wool is doffed by the comb in narrow ribbons or 
strips, instead of, as in the preceding cases, in one sheet. The machine shown in Fig. 1454 repre- 
sents the latest make of the double rubber-condensor. After the sUver strips or ribbons leave the 
doffer, they are conducted between the pairs of leather aprons a o’, each pair forming a ‘‘ rubber.” 
These aprons are stretched each between two rollers, and neatly sewn together, so as to form a 
travelling apron when the rollers are made to revolve. One of each pair is placed above the other, 
near to but not quite in contact. Appropriate gearing at the side causes them to revolve, by means 
of which, the ribbons of wool would be carried forward in that form, did not another movement 
intervene to prevent it. This is a lateral movement of the leathers in a direction transverse to that 
of their,revolution, each leather moving in this manner in the opposite way to its associate. The 
effect is to rub the sliver strips into a round thread, as stated, in the same manner as if they had 
been rubbed between the palms of the hands. The strips of sliver are thns both carried along and 
rolled as they come from the doffer, this being done without their suffering attenuation. These 
aprons extend across the machine, and vary in width from 12 to 20 in., according to the work they 
have to perform. The condensed threads, after they leave the rubber, are conducted through a 
guide-comb 6 and npon condensor-bobbins placed in the standards to receive them. These when 
full are removed and are ready for the creel of the mule. 

_ TUi^form of condenser is in general use all over Europe, and, in the opinion of the best practical 
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judges, is the most useful and perfect condenser in existence for all round work. In the American 
woollen trade, another kind is in use, called the roll-rub condensor ; but, as practical writeis in 
the United States admit the superiority of the foregoing, it is not necessary to describe it. 

Carding is probably the most important of all the processes of woollen manufacture. Nothing 
^nds so much to success as its proper performance, and nothing so much militates against that 
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result as when it is badly done. The essentials of good carding are numerous, and include a 
proper arrangement of the machinery ; nice adjustment of the parts, especially the rollers ; careful 
clothing: good grinding ; flocking; and correct relationships to each other of the speed of the 
cylinder, workers, strippers, fancy, and doflfer. These are matters that call for attention before the 
commencement of work. During working, there are equally numerous conditions that require 
examination. Care should he taken not to overload the machinery with wool, which would result 
in defective work, as the cards would pass it on without suflieient treatment. The cards should 
never be permitted to fill up either with dirt or wool, as the material in process is thereby apt to be 
rolled. The technicalities of the treatment of wool and the management of the machinery are 
so numerous that to enter into detail upon them would extend this article to the compass of a 
volume. 

Spinning . — ^Woollen yam is usually spun upon the mule ; there are several continuous spinning 
machines, but though invention has been directed for a long time to the constraction of a good con- 
tinuous spinning-frame, no such machine has yet achieved a commercial success. The mule, as is 
well known, is an adaptation from the cotton trade, like the carding engine and many other 
machines in the various sections of the wool manufacture. 

The woollen mule (Fig. 1455) is much simpler and has far fewer spindles than thf cotton- 
spinning mule. In general appearance it is much like the other, and consists of two carriages a a' 
mounted on wheels with the headstock b placed between them in the middle. Each carriage is 
fitted with a number of spindles c, usually 500-600. The frame consists of the roller-beam and creel 
carried upon the usual standards. The difference in the nature of the fibre of wool from that of 
cotton precludes the use of drawing-rollers, as in cotton-spinning. The woollen mule is therefore 
only furnished with one row of fiuted rollers, provided with a corresponding row of top rollers d. 
The condensor-bobbins being supplied to the frame, the threads are i-awn off, passed between the 
rollers, and attached to the spindles. The mule is then ready for commencing work. Simul- 
taneously the spindles begin to slowly revolve, the carriage to draw out from the roller-be»m ani 
the rollers to deliver the condensor-threads. When the carriage has traversed about half its 
journey outward, the rollers cease to deliver the material. The carriage proceeds on its course, ond 
the spindles continue revolving, by which means the condensor-threads delivered from the rollers 
are gradually attenuated, until, by the time the carriage has reached the extremity of itS traverse 
this is completed. The thread, however, as yet is only soft and loose, and must be rendered com- 
paratively firm and strong. In order to accomplish this, the revolution of the spindles is greatly 
accelerated, and the thread rapidly twisted. This twisting takes up the length of the extended 
thread, in order to allow for which the carriage is made to move in a few inches as the jwisting 
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proceeds. •When this is completed, the spindles are automatically arrested, and for two or three 
turns have their movement reversed to form the “backing-off process,” as the unwinding of the 
several turns of yarn upon the spindle-tops is called. This being performed, and the slack 
simnltaneously taken up by the “fallers,” the carriage proceeds inwards, winding the threads upon 
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the cops until the spun portion is all thus disposed of. The process then recommeuces, and is 
repeated in all its details, recurring until the set task is accomplished. When the spindles are 
filled, they are “ doffed,” that is, cleared, and a new set is begun. 

The yarns thus spun may be either for warp or weft. The former constitutes the longitudinal 
threads of a woven fabric, and is usually well twisted ; the latter forms the transverse or cross 
threads, and generally contains rather less twine than that intended for warp. 

Manufacturing. — The processes up to this point form the first half of those comprised in the 
term woollen manufacturing, and are termed woollen spinning. The second half, or manufac- 
turing, will require comparatively brief treatment. 

The woollen thread as it comes from the mule will be natural, grey, black, or any other colour, 
according to the component parts of the blend from which it has been spun. When dyed in the 
loose fibre, wool is termed “ wool-dyed ” ; when in the state of yarn, “ yam-dyed ” ; and when in the 
woven febric, “ piece-dyed.” 

Twisting or Twining . — ^Woollen yams are generally used in a twofold form: that is, two threads 
are twisted together to obtain strength, bulk, and variety of pattern. This twisting process is done 
upon jthe mule, which is generally adapted for both spinning and twisting. In combining two 
threads, care must be taken to twist them in a direction opposite to that in which the individual 
threads were spun. This is in order to prevent it afterwards ranning into kinks. The twisting is 
performed by placing the threads in the creel, bringing them under the rollers, and attaching two 
threads to each spindle, when the twisting is performed as in the spinning process. To make self- 
coloured twist only needs the combination of two threads which are alike. To produce fancy yams, 
it is necessary to combine different, which may be harmonious or contrasting shades or colours of 
yams, and which may also be of different materials : wool, sUk, cotton, fiax. China-grass, or other 
» fibrous materials. Although twisting is ordinarily performed upon the mule yet it is in process of 
being superseded. Messrs. Sykes of Huddersfield have introduced into the market a twisting- 
frame which has been extensively adopted, and is found to give very satisfactory results. In pre- 
ieding articles (see Hope, pp. 1699-1701 ; SUk Manufactures, pp. 1751-3) a more recent invention, 
a doubling-winding, and a twisting-frame, made by Thomas Unsworth of Manchester, has been 
referred to and illustrated. The employment of these two machines for twisting purposes effects a 
very large economy when compared with the ordinary method, as is demonstrated by the following 
figures. At an important manufacturing establishment at Tourcoing in N. France, where these 
machines have been introduced, a comparison has been instituted, and the following results 
arri^d at : — A 200-spindle machine making on the top or delivery spindle 4500 rev., and front 
spindle 4500 = 9000 rev. per mSiute, working 3-fold 42’s worsted, produces in a week of 81 
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honis, 420 iifo. of twisted yam of a very high qimlity. This is done at a cost in wages of, for 
winding, 75 /r. 60 c. j for twisting, 20 fr., total 95 fr. 60 c. = 22 c. per itto., as against a production 
in the same mill on a good ordinary system, and a machine containing the same number of spindles, 
naming the same hours and working the same yams, of 250 Hh., at a cost for winding of 45 /r,, 
for twisting, 40 fr., total 85 fr. = 34 c. per kilo. _ In the latter system, two girls are required at 
thtf twisting-frame, whilst in the former, only one is needed. It is obrious that a regard for 
economy will compel the adoption of the improved methods now being introduced to the notice of 
mannfacturers. 

Designing. — At this stage, the services of the designer are caUed into requisition. Designing 
patterns for fancy woollen cloths implies the classing or arranging of the contrasting and 
harmonizing shades or colours, both of the warp and weft, by the combination of which in a fabric 
chaste and saleable patterns are produced in the cloths. Many colours may be employed in the 
warp, which, if or<»sed by a plain weft, would produce stripes ; or an equal, greater, or less number 
of colours may be used for the weft, when a checked effect would result. By the transposition of 
these coloured threads in the warping and weaving, an endless variety of plaids and stripes (ff 
various dimensions can be produced. OMnbinations of patterns may also be obtained in great 
number from the use of two or three colours of warp and weft. As each lot of yam is twfrted 
according to instraotions, a ticket is generally attached, expressing the lot and numters, the length, 
and the breadth. The length is stated in “ strings ” of 10 ft. or 120 in., and the breadth in 
“ porties ” of 40 threads each. When the warp is to have stripes in it, one set or complete pattern 
is usually drawn on the ticket as a guide to the warper and weaver. 

Winpmj.— The warping mill, in which the yam is combined into a warp, is a large vertical reel 
of about 20 ft. in circumference, or two standard “strings.” The hand warping-miU is only half 
the size of the preceding, and in small manufactories is yet in nse. The length of the warp is 
varied according to requirement. The best way of warping is to arrange the threads in even' 
numbers, say 40, 44, 48, 52, 56, or 60 threads in a “ bunch ” or “ gang,” and to divide them into four 
equal parts, that is 10, 11, 12, 13, 14, 15, on the under leash-pins. The number of bobbins or cops 
required should be set in the creel, and the threads be conducted through the eyelets of the guide- 
pins, one half above the other, each thread thus being alternated, which will leave a space between 
them. The warper then collects and ties the whole bunch of threads together, inserts his thumb 
into the open space, and crosses every thread upon the top pins, so as to form the leash. The reel 
is next set m motion, which is continued nntfl the length of the warp has been reeled, when the 
leash is i^in taken on the pins, and this process is repeated a sufficient number of times until the 
proper quantity of threads is obtained to form the width of the warp or chain. When this is com- 
pleted, the end is securely tied to prevent entanglement, the leashes are secured with bands of yam, 
and the warp is well marked at each “ string ” for the guidance of the weavers. To each warp is 
also supplied a number of “ listing ” threads, of stronger yam than that forming the bulk, from 
which the lists or selvedges of the cloth are woven. About 100-120 of these threads are required to 
form the two selvedges of a broad cloth, and about half that quantity for a narrow width fabric. 
The warp is usually made in the form of a chain in the woollen trade. This is simply a peculiar 
arrangement of the warp. 

Sizing. — The nature of the raw material, and the method of manufacture of the woollen thread 
in which the fibres are crossed in various directions, render the process of sizing a necessity. The 
purpose of sizing is to lay smoothly in a parallel direction all the protrading fibres on the surface 
of the yam, so as to diminish the friction ; and to solidify the threads and increase the strength, to 
fit the warp for the reception of the weft, and to enable it to withstand the strain occurring when 
the latter is driven home by the “ slay ” or batten. The process is of considerable importance, as 
the production of good cloth requires that it shall be well and evenly performed. It is also highly 
necessary to the weaver, as when properly executed, her labour is much less ; and, weaving being 
usually piece-work, the production is greater, and her earnings larger. The chain or warp is 
generally immersed in a vessel containing the sizing preparation, and when thoroughly saturated 
it is squeezed out, either by hand or by a vningiug-machine constructed for the purpose. The 
“size” is usually some strong glutinous matter, sufficiently firm to lay down the somewhat 
refractory fibres of the wool. A good size is composed of prepared rabbit skins dissolved by boiling* 
in water for about three hours. After the warp has been properly sized, it should be thoroughly 
dried, which is accomplished either by laying it at length, or winding it on a drying-machine,fo 
prevent injurious consequences. 

Aeamin^f.— Beaming is the winding of the warp upon the loom-beam. It is aocomplishgdby the 
aid of a simple machine called the “ beaming-frame.” The first care of the beamer is to lay or dis- 
tribute the threads of the warp evenly in the ravel, a coarsely-set reed or frame, the ppper part of 
which is removable, in order to permit of the warp threads being placed between the vertical pins 
or teeth, which having been done, the top or cap is secured. A rod, which fits into a slot or groove 
extending the ^ength of the fianged beam, is next inserted intq the end of the warp. The warp is 
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then vonncl evenly and tightly upon the beam. Bhonld the winding not be perfectly level, defects 
would be caused in the cloth, owing to the diffeient tensions at which the warp threads would be 
woven, some being slack, and others tight, which would afterwards result in uneven milling, and 
other defects in the finishing processes. When the warp has all passed upon the beam, two rods 
are inserted in the leash formed by the top pins of the warping-ftame, which, being tied together, 
secure the perfect alternation of the threads. 

Drawing-in and Twisting . — ^The warp is now ready for attaching to the healds or harness. In 
the case of a new set of healds being reqnired, the beam is suspended in a frame, or by means of 
strong cords, with the warp end fiilling a short distance down. The “ healder ” or “ drawer-in ” 
takes his seat in front of the healds, and a child assistant called a “ reacher ” sits at the back. 
The former opens the healds in succession, and puts through the eyelets a small hook constmoted 
for the purpose, called a “ heald-” or “reed-hook,” into the eyelet of which the reacher inserts one 
or two threads, as the hook may be single or double, which are then drawn through to the front by 
the drawer-in. In this manner he proceeds until all the warp-threads are thus entered, and the 
drawing-in or healding is complete. Simnltaneously with this operation the threads are also drawn 
into or through the reed by the drawer-in. One thread isdrawn through the eyelet of each heald, and 
two through each space between the dents of the reed, when the design is to make a plain fabric ; 
three, four, five, or six threads may be drawn tbrongh each reed space for various sorts of twills 
and fancy cloths. The warp is now ready for the loom, which introduces the last principal operation, 
subsequent ones being subsidiary to this, and variable according to the nature and purposes for which 
the fabric is intended. 

Wearing . — Weaving is a very ancient art, and in its origin consisted probably of simply inter- 
lacing reeds with each other in order to form mats on which the people of Eastern countries, with 
whom the art is supposed to have originated, might recline. These reed textures are made to this day 
in the countries referred to ; and, amongst the Chinese, very largely, as may be inferred from mats 
being found amongst the articles of export to this country. From this simple process, the develop- 
ment of the art was extremely slow through thousands of years until the early part of the 18th cen- 
tury, when Kay, of Bury, in Lancashire, inaugurated the present grand epoch of mechanical inven- 
tion by devising a plein whereby a weaver could throw the shuttle backward and forward across 
the loom by one hand, and which also enabled him alone to weave the broadest cloths ; whereas, by 
the plan then in vogue, two weavers were required. Improvements followed each other in rapid 
succession, until by Dr. Cartwright’s happy thought and mechanical skill, the automatic loom was 
designed and invented. This was about 1789, since which time the progress in developing and per- 
fecting the loom has been simply wonderful, until now there seems little left to accomplish, unless 
it be to dispense with the presence of a superintendent altogether. 

The capability of the loom as tamed out of our first-class machine shops is something at which 
surprise may be justly expressed. It is questionable whether in the whole range of mechanism 
anything more wonderful can be found. Being supplied with warp and weft, properly adjusted, 
and connected with motive power, the loom with only small supervision will fabricate textures 
varying ftom the plainest calico to those of the most gorgeous beauty. The warp is opened, the 
shuttle with its cargo of filling is thrown between, leaving a trail of thread behind, which is driven 
home by the advancing lathe or slay, the latter immediately retiring to make way for the shuttle 
again, when tlie operation is repeated. This goes on not at a creeping pace, but with almost 
lightning rapidity, 200-400 transverse threads being put into the web per minute. At the 
same time, the cloth is being automatically taken up in front of the loom, and the warp delivered 
at the^ack with the most perfect regularity, ensuring thorough uniformity in the structure of the 
fabric. Plain fabrics, alike on both sides, twilled fabrics, plain on one side, or twilled on both, or 
patterned in various ways, can be produced with equal facility. Coming to more intricate textures, 
striped, chequered, and numerously variegated designs can be obtained as desired, by the aid of the 
many attachments invented for extending the capacity of the loom, either in plain, self-coloured, or 
variegated forms. With the Jacquard machine as an adjunct, the power pf the loom in the variation 
of pattern becomes practically illimitable. 

The Jacquard apparatus has been modified and adapted to many purposes. One of limited 
* range, called the “ Dobby,” is used for the production of small patterns and of figured borders in 
cloths having a plain centre. Others are taken away from shedding purposes altogether, and 
f^pted to work both rising and revolving systems of shuttle-boxes, by which means, from one to 
any number of picks can be obtained from one shuttle, and the whole number alternated according 
to desiie. 

These remarks will obviate the necessity of making detailed statements concerning the 
mechanism of intricate looms which the general reader would find it dilfionlt to follow, and 
which to th’e expert are already well known. Fig. 1456 is a perspective view from the front of the 
well-known Dobcross woollen loom, so called from the town in which it is made. The firm from which 
this Emanates, Hutchinson, HoUin^orth, & Co., is of considerable repute in the wooUen districts, and 
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the kcBn zeioeBeaited is high in &Toiir. A peculiarity is that the day or lathe is suspended fitom the 
t (9 of the hxnn, according to the cdd plan, but which, in some cases, it is deemed desitable to 
retain, even though i^arded as antiquated. The Jacquard or Dobby with which it is mounted, is 
ad^M to work ^m 3-61 shafts or heddle-leavea, and is on the double-lift principle : that is, its 
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action is of the positive kind in both lifting and palling downwards the heald-shafts in order to make 
a shed for the passage of the shuttle. In the single-lift, the arrangement is confined to lifting the 
healds, their depression or return being obtained by the action of spiral springs or weights under- 
neath the loom. The unreliability of this plan is well known to practical men. Thus, when 
working, the healds are always being raised or depressed by positive means. This loom is oon- 
staucted with three, four, or five boxes on the rising plan ; that is, each box containing its shuttle 
is brought on a plane parallel with the shuttle-race, according to requirement, by being elevated or 
depressed to the position, according as it may have stood at the moment. Every change of posi- 
tion in the boxes requires the whole number to be moved up or down, as needed. In doing tMs, a 
great deal of inertia had repeatedly to be overcome in elevating the boxes, whilst their “descent 
entailed a considerable shock, owing to the distance through which they had to fal , and the 
influence of gravitation. The former circumstance absorbed a great deal of motive power, whilst the 
latter entailed a heavy wear and tear. Both these defects have to a great extent been obviated by 
the introduction of a plan of balancing the boxes, by which they can be elevated or lowered with 
greatly increased &cility, 3 nd which renders them much easier to control. A simple method of 
connecting the shuttle-box motion with that which controls the pattern motion, so as to ensure har- 
monious action, was for a long time a great desideratum. In patterned goods, it will be obvious 
that one thread less than the required number in the weft vriU cause a serious blemish in the cloth, f 
This may easily occur through the breakage of the weft whilst the shuttle is crossing the‘shed •' 
and when this happens at the moment when a change is about to take place, the loom may continue 
working, the automatic stopping motion failing to detect the lapse. In this case, it is compulstOT 
to rely upon the carefulness of the attendant weaver, whose duty it is instantly to stop the loom, 
pull out the picks that have subsequently been put in, and reset the loom to commence correctly at 
the place where the defect occurred. To do this has not been an easy matter for the weaver the 
box and the pattern motion having to be reversed, which, in the case of a cumbrous 
—as a large power-loom proves to be when it has to be operated by human power, and that gene- 
rally a female-^has often proved almost insuperable. In the ^^t-arranged plan, mn„>, dehty has 
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generally occurred, which in itself is an economic evil, greatly lessening the production. In the 
loom represented here, a plan is incorporated of controlling the picking motion and that for lifting 
and lowering the boxes, both of which are controlled by the pattern chain ; so that whatever 
changes may be required to be made owing to broken threads, unweaving defective portions, or other 
causes, all the parts can be readjusted correctly with quickness and facility. In woollen yam, there 
frequently occur variations in the thickness sufficiently great to cause serious defects in the clotli, 
in the event of the same number of threads being put into, say one inch of warp, when diu-ing the 
next inch a finer weft might happen to follow. This defect is obviated by the provision of an auto- 
matic regulation, by which the delivery of the warp is retarded or expedited according to the vary- 
ing requirement of the yarn. Approximately even cloth thus results, which would not be the case 
were the delivery of warp constant and unvarying. 

Such is the woollen loom as made at present. There are numerous other makers, whose 
machines are equally deserving attention with the one illustrated, and before deciding, an intending 
purchaser should carefully examiue those in the market, and select the one that will best suit his 
requirements. 

In weaving plain cloth, four leaves of healds are usually employed, though only two are 
necessary. These are arranged to work in pairs, as follows : 1-2, 3-4. The first two ascend and 
descend together, and similarly the second pair, each pair being linke*l in the treading-motion. If 
the threads of the warp passed in the same order through the healds, the consequence would be 
that the threads would be placed in pairs side by side in the fabric. But this is not the case ; the 
threads being passed through the healds in the following order, 1-3, 2-4, the first two of these 
going together in the space formed by two dents of the reed, and the second pair in the next space. 
This order prevails across the width, until, at the sides, where more strength is required, the 
threads are doubled or run two together through one heald, and four in the reed space. Sometimes 
threads of other materials are used for this purpose. By this means, the weft thread is made to 
pass throngh the warp shed in such a manner that it shall be placed in an alternate manner under 
and over the threads of the warp. This constitutes a plain cloth. 

The first departure or variation from the plain fabric is to the 3-leaved twill, in which every 
third thread of the warp is sunk in succession, the picks of weft passing over one and «r«fer two 
threads of the warp. This texture gives a diagonal pattern to the cloth on one side, the reverse 
being plain. In this case, the heald-leavea are actuated independently of each other, and not con- 
jointly in pairs as above. This texture is termed the “ prunel,” or “ blanket,” and sometimes the 
“ llama” twill. The 4-leaved twill sends the weft under three threads in succession and over the 
fourth, by which the latter is interwoven. The name of this is the “ Oassimere ” or “ Kersey ” 
twill. There are other variations of the 4-leaved twills, in one of which the weft passes under 
two and over two, making both sides alike, except that on the face or front the diagonal line, 
which forms the pattern, runs to the right, and that on the back or reverse to the left. Others are 
variations on this basis. The 5-leaved twill fiushes four-fifths of the weft on the back, and four- 
fifths of the warp on the face. The number of leaves may be increased up to 16 or even more, but 
when they exceed 5, they are generally employed in woollen fabrics in conjunction with the 
jacquard attachment for the production of a variety of fancy patterns. 

In the woollen manufacturing districts, weavers do not usually attend to more than one loom, 
as it is highly necessary for them to bestow upon their work the most careful attention, in order to 
prevent defects, the occurrence of which would damage the cloth in the estimation of the purchaser 
very considerably, and in some cases render it unmerchantable. These defects are technically called 
“ broken'*picks,” “ doubles,” “ thick threads.” “ raws,” “ gerners,” “ fiakes,” “ twists,” and many 
others, which it is not necessary to stop to define. Warp threads occasionally break, and if the 
weaving is continued without these being repaired, a defect is caused. In piecing them, care must 
be taken to join them by means of a short length of thread, called a “ thrum ” or “ beeting," of the 
same quality and colour as the broken one. These thrums are provided for the purpose. 

To secure a full production and a proper quality of cloth, the overlooker, or “ tuner,” as he is 
called, should be careful-to see that the parts of the loom are properly adjusted to each other, so 
that all will work together in harmony. Otherwise delays, fractures of yarn, and defects will be 
aumerous, the quantity and quality of the production will suffer, and ultimately the reputation of 
the manufacturer will be injured. 

The actual production of cloth from a loom engaged in weaving woollen fabrics will be about 
20 per cent, less than would be supposed from a calculation based on the assumption that the loom 
was contiyiuously working during the hours allowed by law. The time thus lost is absorbed in 
changing shuttles : that is, supplying full for exhausted ones ; piecing warp threads, and other 
necessary operations. 

In weaving heavy close fabrics, it is best to saturate the weft yarns in soft water, and then place 
them in a hydro-extractor for a short time, so that the superfluous water may be taken out. This 
will gre&tly facilitate the weaving. , 
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Knotting, Scouring, and Burling . — ^When tbe weaving ia completed, the piece of cloth is taken out 
the loom, and should, if it has been wet-woven, he well dried, properly lettered, and'^ numbered, 
in order to preserve its identity through subsequent operations. Then it should be carefully 
examined, by being drawn slowly over a sloping board or table, in front of a northern light or 
aspect, and all knots and defects of weaving be removed or otherwise repaired. 

The cloth should now be well scoured and washed, so as to cleanse it thoroughly from oil, 
“ size,” and other extraneous matter. A new washing-machine has recently been introduced, and 
is shown in Fig. 1457. The cloth is next to be thoroughly dried and slightly brushed, after which 
it ought to be again pulled over a sloping table, and have all the broken burrs, kemps or hairs. 



shives, motes, and other impurities removed. This process is called “ burling.” There are several 
plans of drying both yarns and cloth, of which the wringing-machine may be mentioned as 
applying to yam, and the squeezing-machine (Fig. 1458), almost similar to the fulling-mill, for 
woven fabrics; but both these machines are objectionable, and have to a great extent been 
superseded by hydro-extractors, as shown in Fig. 357, p. 496. 

Milling or Fulling.— KlXcx leaving the burler, the cloth is ready for the fulling process. The first 
step is to sprinkle it with boiled or liquid soap, after which it is folded up by the lists or edges 
into a pUe, and placed in the hollow receptacle of the fulling stocks. Here it is milled or hammered 
for two or three days, or until the fibres of wool become so interlinked in each other as to hide the 
warp and weft threads. During this process, the cloth is taken out of the mill five or six'times, in 
order to have more liquid soap applied, so as to facilitate tbe milling process in every direction. 
This is the method of procedure when the ordinary fuUing-stocks are used. 

Of late years, however, an improvement has b^n introduced in the shape of the fulling-mill. 
This is to serve the same purpose, and is regarded as superior in many respects and for many 
purposes. Fig. 1459 is an illustration of this machine in its most improved form. The construe- o 
tion is quite simple, being composed of a shaft carrying a flanged roller a in the centre of its 
length, driving-pulleys 5 at one extremity, and gearing c at the other, from which a second shaft d 
placed over the first receives its motive power. This second shaft has also a roller e, whigh diffeft 
from the first in having no flanges, being arranged to work between those of the first-named. A 
slotted guide-board /, a carrier-roller g, and a contracting-tube h complete the mechanisn^. the 
whole, except the gearing and pulleys, being enclosed. The fulling-mill shown in Fig. 1459 differs 
from those commonly in use, in being larger in most of its details, having the roUersoof greater 
diameter and the flanges deeper. The guide-board can be made with a slot or two more and ia 
also fitted with an improved stop motion, consisting of friction-plates that both start and stop the 
machine in less time than ordinary. The latter is of considerable importance, as, by its prompt 
action, dam^e to the fabrics in process of milling is often prevented when entanglement takes 
place. ' * 
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The process of fulling with these mills is to soap the cloths as before, place the pieces in the 
mill, passing the ends through the grooves of the guide-board, over the carrier-roller, through the 
tube, and between the groove of the flanged roller, in which it is subjected to compression by the 
action of the top roller pressing upon it. This is continuously repeated untU the cloth has been 
sufficiently shrunk or fulled, when it is re- 
placed by another lot. Tested in work along- 
side the older form of the foiling mill, it has 
been found to do much more work, and of a 
better quality, the same cloth selling for fully 
3d. a yd. more than when finished in the old 
machine. 

Whichever instruments are used, the cloth 
should be milled according to the breadth 
required. Narrow cloths are milled down to 
28 or 27 in. in width, whilst broad widths are 
reduced from 70 in. to below 60 in., varying 
anywhere down to 50 in. according to re- 
quirement. There are a large variety of fancy 
woollens that are only subjected to compara- 
tively little milling, or about 10 hours, one- 
fifth or one-sixth part of this time being 
occupied in examination of and soaping the 
cloth. That constitutes “ half-milling.” 

Single-milled cloth requires subjecting to the 
treatment for 12-20 hours; double-milled, 

24-40 hours ; and treble-milled, 48-60 hours ; 
all inclusive of the time required for examina- 
tion and further supplies of the milling liquid 
or soap. 

Finishing Processes. — Woollen cloths as 
they come from the loom are far from being a 
merchantable article in the ordinary accepta- 
tion of the term. The processes to go through 
before the soft, lustrous, and beautiful finish 
of the fabrics with which we are familiar is 
obtained are numerous and almost as important as those that have been already described. They 
consist of the following : fulling; tentering; 1st raising; 1st cropping or cutting; 2nd raising; 
2nd cutting ; pressing ; steam boiling, &c. ; 3rd raising ; 3rd cutting ; burling and fine drawing ; 
brushing and steaming ; 2nd pressing ; steaming. 

At this point, it will be well to summarize the requisites of a good cloth, or rather the 
conditions necessary to produce one. First, good sorting of the wool, which gives an even 
thread and prevents waste ; thorough cleansing, essential to the production of good colours, 
and satisfactory working in every stage. After this, the wool should be well dyed, teazed, scrib- 
bled, carded, and slabbed, and carefully spun and woven. The preparatory processes before 
milling should be properly gone through, the milling well executed, and the fabrics afterwards 
thorougflly washed in order to remove all traces of grease, oil, or soap that may remain. 
The details of all these processes require attending to carefully and conscientiously. Any 
negligence is sure to result in blemishes, and these cannot be eliminated or rendered permanently 
invisible in the after stages. It takes much more trouble and labour to hide a defect than to 
keep it out. 

After milling and scouring or washing, the cloth should be “ cuttled,” or folded up closely and 
laid on the shed floor for a few days. This improves the condition. When it has to remain in 
the “balk” state, or have its progress arrested some time at this stage, it should be straightened 
•on the tenter-frame and dried, bnt care must be exercised in seeing that it is not overstretched, 
either in width or length. 

First raising of the nap.— Woollen fabrics rarely show the interlacing of the threads so visible 
in most other textures. These are efiectually hidden by milling in the first instance, and subse- 
quently iy the raising of the nap. “ Eaising ” is an interesting process, and consists of scratching 
up the surface fibres of the wool upon the face or front of the cloth. Formerly it was done by 
hand, the fabric being thrown over a frame, in the firont of which stood the workman with his hand 
teazle-frame, with which he scratched the surface whilst a companion on- the opposite side raised 
that portion. This process was a very laborious one, and has to a great extent been superseded 
bv the Introduction of the “ raising-gig.” . 
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The teazle. Fig. 1460, is the ripe burr or head of a thistle-like plant called Dipsactis fallorum, 
which is cultivated in several parts of this country (Wiltshire, Essex, Yorkshire), and in many 
parts of France. Those of Yorkshire are most highly esteemed, and command the highest price. 
As will he seen from the illustration, the head is cone-shaped and formed of or covered by a great 
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number of hooked points, all curved in one direction downward. These books are strong but 
pliable, slightly elastic, and very smooth, rendering the heads highly suitable for employment in 
this process. The teazles are cut from the plant with a stem 2-3 in. long, and inserted in an 
oblong frame called the teazle-rod, with the hooks pointing towards the base, and two teazles 
in height. When hand-raising 
is the system employed, these 
frames are small, such as can be 
easily wielded by hand, and are 
furnished with a handle. For 
the “ raising-gig,” Fig. 1461, as 
the teazling machine is called, 
the &ame is about 4 in. in width, 
and of a length to extend across 
the gig-cylinder. 

After the cloth has been 
evenly stretched and dried in 
the tentering-frame. it should be 
thoroughly wetted on the face or 
front side with soft clear water, 
and then folded and left to lie 
in that state for a day or two. 

This damping is now performed 
very efficiently by mechanical 
■ means. Fig. 1462 represents a 
“ dewing-machine ” used for this 
purpose, which is of recent intro- 
duction. It is constructed to t^e the ordinary width of a raw or unmilled cloth, but can be made 
wider or narrower to suit special purposes. It is an ingenious invention, as the following brief 
description wiU show. A cistern a containing water is arranged in the middle of its h^,ght, and 
extends across the breadth of the machine. Through the length of this trough, and immersed in 
the water, is laid a pipe, into which a number of nozzles are vertically inserted, these being 
supplied with taps to close them when required. Sehind the nrachine, a patent blower or fan h is 
arranged with a wind-pipe, up which the blast is conveyed to a second horizontal pipe d, that, like 
the former, is supplied with nozzles, but in this case they arp inserted so as to project in a'iateral 
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direction to, the tip of the water nozzles. The arrangement is clearly shown in the enlarged view 
of^ese parts given at e. At / is a trough in which the waste water is received. 

In working, the piece of cloth to he dewed is placed on the platform at g ; the end is passed 
over the first and under the second of the pair of rollers shown at A. It then ascends in an inclined 
direction to the head of the machine at «, receiving the spray in its passage. The operation of the 
fan sends a strong blast from the air-nozzle across the top of the water-nozzle, which causes a 
vacuum therein, leading the water to ascend to the top, when it is blown away in fine spray against 
the surface of the cloth as it travels upwards to the head, and, descending therefrom between the 
rollers A, is plated by their oscillatory action upon the opposite end of the platform from which it 
started. By means of this machine, 1 5-20 ends of cloth can he damped per hour. A damper 
enables it to be set to throw any quantity of water from J-6 lb. upon each piece or end. 

After the cloth has been properly conditioned by the ordinary damping or dewing process, it is 
conveyed to the raising-gig. Fig. 1461. This machine is usually constructed about 65 in. in width 
on the teazle, but can be made much wider if required. It is shown in the illustration with recent 
improvements, such as the revolving turntable scray a, and expanding breast-roller b. The chief 
part of it is the teazle-cylinder c, mounted upon the shaft d, which is furnished with driving- 
pulleys. The cylinder is constructed with 16 oblong spaces e around its periplieiy, for the recep- 
tion of the oblong frames called “ rods,” into which the teazles are inserted, fixed by means of their 
stems ; one side of the rod is composed of two parallel bars, having a small space between them for 
the admission of the stems. The rods are also strengthened by cross-pieces, so that, when inserted, 
the teazles are firmly held in place. The other rollers shown are for the purpose of securing the 
uniform tension of the cloth, and bringing the surface to he raised evenly against the revolving 
cylinder. The revolving scray a and the roller/ with its oscillating arms are attachments whose 
function is to facilitate the revolution of the piece when the ends are joined together and it has 
become an endless web. The cylinder is usually run at about 150 rev. a minute. 

In operation, the piece of cloth is slowly drawn through the machine in a direction opposite to 
that in which the cylinder is revolving. This is continued until the ends of all the loose fibres 
have been brought to the surface of the fabric, when the piece is removed, and again washed off 
and dried, as a preliminary to the first cropping or shearing process. 

When the cloth is laid in the machine so that the cylinder revolves in a direction parallel with 
the warp or longitudinal threads of the fabric, the action of the teazles will be most effective upon 
the weft or transverse threads, which they will operate upon at right angles. It becomes question- 
able, therefore, whether the action of the raising-gig is as effectual as the hand process, and, at 
the same time, not more injurious to the durability of the fabric. It would appear that the 
successive operations of putting the latter through the raising-gig must greatly impoverish the 
weft threads, from the beginning the weakest portion of the cloth. On the contrary, the cross- 
raising of the hand process brings up the fibre from the warp threads equally as well as those of 
the weft. This difficulty is, however, almost obviated by a plan of passing the cloth over the 
cylinders in different directions. 

After working some time, the teazle-hooks fill with wool, or “ flocks,” as the fibres drawn out 
of the cloth are technically called, which impede their operation. The “ rods ” are then taken out, 
and the flocks are cleared out by children, the rods being replaced by another set in order to prevent 
the stoppage of the machine. Contact of the teazle-points with the damp cloth also impairs their 
efficiency, and renders it necessary to remove them occasionally for the purpose of drying. 

All attempts to substitute metallic cards for teazles have only been partially successful, and as 
yet th&e is no likelihood of their superseding the natural article. 

Cropping or Shearing. — After the cloth has been sufficiently long in the gig, it is with a little 
preliminary treatment of brushing next submitted to the operation of cropping. “Cropping” is 
the cutting of the raised nap (obtained on the surface by the last process) to a uniform level. 
Formerly it was done entirely by hand, but 60 or 70 years ago a shearing-machine was invented 
and introduced, after great resistance from the croppers. It has subsequently been much improved, 
so that it may ultimately be regarded as having quite displaced the hand process. Fig. 1463 is 
an illustration of the machine in its present state of development, as constructed in this country. 

* It will be understood that there are many modifications of and various forms of it, though the 
radical principles of each are the same. The essential parts of the machine are the metallic 
cylinder a, into which, and passing helically around it, are inserted a number of steel blades; a 
straight piece of steel, called a “ ledger-blade,” fixed across the machine in close proximity to the 
“ spiral*,” the revolution of the latter in conjunction with the straight blade forming cutting edges ; 
an arrangement of rollers by which the cloth is brought against the cutting blades ; and pile or 
setting-up rollers to raise the nap into the best position for the action of the cutting blades. In 
working, the long nap is brought against the ledger-blade, in which position the revolving 
cylinder cuts it down to the desired length. The cloth is passed two or three times lightly 
throiffeh, in order to sioure imifori% cutting. , 
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The Taiions parfg of the madiiae require to be accurately adjusted, ia order to jerfonn its 
function properly. It is therefore usually made with compensating bearings, in order that, if 
unequal wear should take place, no defect in its working would result. This arrangement is 
applied to all the acting parts. 

At the second raising, the cloth is damped and conditioned as before, and well raised, after 
which it is again ten- 
tered and dried as a pre- 
liminary to the second 
shearing. 

This shearing is like 
the first, only requiring 
more care and a nicer 
adjustment of the piling- 
brushes and the cutting 
blades. The cloth must 
be gone over several 
times, and nicely cut 
each time. 

After this, the cloth is 
generally submitted to a 
good brushing and steam- 
ing process, performed 
by a machine termed the 
“brushing- and steam- 
ing-mill.” These mills 
are made either double or 
single, and with one or 
two brushes. Fig. 1461 
represents a double brushing- and steaming-mill, with two brushes, one of 12 and one of 13 lags, 
and steaming apparatus having also a top and sloping scray. 

When the brushing and steaming is concluded, the cloth is ready for the first pressing. For 
this purpose, it is folded into regular lengths, glazed paper being introduced between the folds to 
prevent the faces of 
the cloth coming into 
contact with each 
other. Heated plates 
of iron, made hot in 
a steam-chest or oven 
(Fig. 1465), wherein 
steam is used at 30- 
lb. pressure, are then 
alternated with each 
end or piece, and the 
whole is subjected to 
severe pressure in 
a hydraulic press. 

When the cloth is 
^ removed, it is re- 
folded in such a 
manner as to bring 
the creases of the 
previous folding op- 
posite the flat faces 
of the press papers, by 
which arrangement 
they are removed at 
the second pressing. 

Steam Boiling.— This succeeds the first operation of pressing, and has for its purpose tfle nre 
duction of a permanent lustre on the face of the cloth. The cloth is wound ^ 

on round wooden or copper rollers, which have either a plain surface or are perfoLed ^thTl''^ 
the whole being covered with boiling-wrappers to prevent damage. Permanent and' we^S 
colours ought to be steam-boiled in a cistern full of water for about eight hours • . 

and left to cool until the following morning, when the cloth sharild be wound from the first u^^I 
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second roller, by which process the part that was at the bottom before will be brought on 
the top. It should then be submitted to a second boiling for seven or eiglit hours. This ought 
to be repeated if necessary. Mixed shades and common colours should not be boiled or heated 
to a higher temperature than experience has shown they will bear without injury, which will 
be found to ranga between 49° and 82° 

(120°-180° F.) ; but they may be dry-steamed 
considerably higher in a box without 
water. 

Several varieties of cloth manufactured 
from undyed wool, and intended for piece- 
dyeing are now at the stage of readiness for 
that operation. This includes the woaded or 
light blues, and several other colours. In 
piece-dyeing, it is requisite that the cloth 
should be kept well open and the reel con- 
stantly turned from the time the cloth is 
placed in the dye-bath until it is taken out 
again. If these details are neglected, the 
result will be a spotted and imevenly dyed 
clotb. 

After the boiling and pressing has con- 
tinued sufficiently long to fix the lustre of 
the cloth, it should be again put through 
the raising-gig, either in a wet state as 
before, or with steam applied to the face of 
the piece on the top of the gig, after which 
it should again be well washed with cold 
water, tentered, and dried. It is now some- 
times “dry-beaten,” or put through the 
raising-gig in a dry state, in order to loosen 
the nap for the last cutting process. 

In the third and last cutting, especial 
care is taken that it shall be cut both very 
light and fine until the nap is reduced to 
the shortness required. After this, it is brushed on the dry brushing mill, as a preliminary to 
the last burling and line drawing. 

Sometimes, instead of the last burling process, the web is inked with black or coloured inks. A 
machine has been invented to accomplish this process, and is meeting with increasing favour, espe- 
cially in the case where cotton burls are numerous and require covering. It is adapted for any class 
of goods, the feeder of the inking-roller being regulated by means of a screw to take up more or less 
ink as required. After passing through the inking-machine, the fabric ought to be put once or 
twice through the brushing-mill without steam, and subsequently once with steam, which will 
greatly improve its appearance. 

If burling is preferred, this should be carefully performed, all defects or holes being well drawn 
up by the fine drawer or mender, after which tlie lists should be wet and pressed with a hot iron to 
impart a smart finish. 

Brushing and steaming on the steam-brushing mill now succeeds as a preparation for the second 
hot pressing. 

This is a repetition of the previous pressing process, the cloth being again placed between 
heated press-plates, and subjected to pressure for 5-10 hours, after which it should be refolded and 
pressed again for a similar length of time. 

If, at any of the preceding stages, satisfactory results are not obtained, the process should be 
repeated. 

Af^r having been well pressed, the finishing touch is now given by the cloth being polished 
with a moderate pressure of steam on the steaming apparatus or mill, which leaves the article in 
a merchantable state, only requiring making up for delivery. 

Cloth manufactured by the foregoing processes properly performed, and finished as directed, 
will be lustrous to the sight, soft and pleasant to the touch, and of a durable quality. The nap will 
be short and perfectly laid, so that dust wiU not penetrate it but lie on the surface, and admit of 
easy removal, by brushing ; it will not readily absorb water, neither will it shrink when wet, nor 
show rain-spots from a shower. When being made into garments, it will neither shrink with wet 
nor under a hot iron, and will long present a new appearance. When it begins to fade, the 
freshness can easily be restored by sfionging and brushing. , 
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Cloth is srfd by the running yard, width ia stated in inches, the substance is ascertai{ied by the 
weight, and the quality by a gentle pressure of the hand of a competent judge when being drawn 
over the surface. 

Worsted. — The second great texttle industry founded upon wool as its raw material is 
the worsted manufacture. As observed previously, the wools of commerce are divided into two 
great classes: clothing wools and combing wools, otherwise short wools and long wools. The 
former at one time were almost exclusively used in the woollen trade, and the latter in the worsted 
trade. Owing, however, to the improvement in machinery that has been accomplished during the 
past 20-30 years, this distinction has to a great extent been obliterated. The invention and 
development of the combing-machine has enabled manufactnrers to comb any free, firm-stapled, 
clothing wool, having a staple of 1 in. and upwards. Fine Botany yams are now commonly spun 
and used in the worsted trade. On the other hand, combing wools are quite as frequently used in 
the woollen trade. 

The essential distinction between woollen and worsted yarns (Fig 1466) will be found in the 
arrangement of the fibres peculiar to each class of yarn. In the woollen yarns, a, the fibres are 
purposely entangled and crossed, and all drawing is avoided, in the preparation, in order to leave 

undisturbed the 
natural curvature 

8 of the fibre, and 
this arrangement 
is endeavoured 
to be preserved 
through all pro- 
cesses to the spinning, for the purpose of affording 
the greatest latitude to the action of the felting 
quality of the wool. In worsted yams, h, the ob- 
ject of the preparation is to obliterate as far as 
possible this felting disposition, and secure the 
parallel arrangement and elongation of the fibres. 
Hence the differences in the processes, which 
Fig. 1467, illustrating the method of spinning 
worsted, renders clear, when compared with the 
spinning of woollen yam on the mule. 

Wool intended for manufacturing into worsted 
is sorted as described previously, though not 
usually into as many sorts. The short wool tech- 
nically called “brokes” or “shorts” is carefuUy 
taken out. The material is then ready for scouring, 
by which it is freed from the yolk and grease. It 
is next partially but not thoroughly dried, as when 
being prepared for woollen yarn, often not being 
placed on the drying-stove at all, but simply put tlirough the pair of squeezers or pressing-rollers 
as it passes out of the scouring-bath, whence it is conveyed to a carding-machine much like the 
scribbler or first carding-engine in the wool set. Here it is opened, cleansed, and carded, by which 
it is to a certain extent relieved from its grosser impurities as well. From this machiiy!, it is 
doffed in the form of a rope sliver, and wound into a ball, for the supply of the combing-machine. 

The first attempt to construct a mechanical wool-comber was made by Dr. Cartwrio’ht the 
original inventor of the power-loom. This comber, though not much more successful than the 
same inventor’s previous efforts, suggested the idea and formed the basis upon which succeeding 
mechanicians laboured to accomplish the end he sought. The first who made any decided advance 
upon it was Hawkesley, of Nottingham. His efforts were followed at a long interval— about 
35 years — ^by the more successful attempts of Platt and Collier, which was a great improvement 
A considerable number of these machines were adopted by manufecturers, and many have remained 
in use until within a recent date. In 1842, Donisthorpe made a further decided step in advance 
and again in 1844. ’ 

The process of combing by hand, though it had been in vogue for ages, had several serious 
defects. The principal of these was that during washing the fibres got considerably entangled 
and when the wool came to be combed, these crossed fibres would coil around the teeth of tie comb 
when the wool was lashed into them, and which in fact it was necessary should be the ease in order 
to secure its withdrawal and the combing of the portion under operation. When, however the 
part left upon the holding comb came to be taken out, it was so firmly lashed around the pins’that 
a great portion of the long fibres required to be broken in order to get it out, thereby increasing the 
quantity of “noil ’ or waste, and diminishing the “ top” or fiest portion. The plan^ of ^1 the 




WOESTED. 


2089 


inventors wjio worked at the problem pf effecting combing by mecbanical appliances were based 
upon this idga, regarding it as an essential element, and therefore in all their designs and achieve- 
ments this serious defect reappeared. 

Josue HeUmann, the French inventor of the celebrated machine known by bis name, however, 
revolutionized this process of combing by the new principles he embodied in his invention. The 
essential parts of the important improvement are as follows. The framework contains two jaws, or 
nippers, through which the prepared wool is fed into the machine ; when the fleece has passed 
sufficiently through, these close upon and hold it firmly. That part of the revolving drum which 
is armed with comb teeth then passes up and combs the end hanging out, the nippers holding the 
wool firmly and securely in this position whilst it is combed by the passing drum. In the forward 
revolution of the drum, the plain part of its surface passes up and presses against the uppermost 
of the drawing-rollers when they are in their uppermost position ; at the same time it gathers up 
the cleaned end of the fleece, and passes it between the drawing-rollers. The upper roller is 
turned by the faction of the drums, and the lower roller by pressure from the upper roller, thus a 
tuft of wool is detached from the fleece, and again held by a second pair of nippers. As soon as 
the roller and drum have taken hold of the cleaned end, the first pair of nippers open, and, in the act 
of opening, press the fleece up into the teeth of the comb, at the same time that another comb is 
caused to fall into this fleece, and tlius, as the tail end is detached, it is also partly cleaned by 
being drawn through these combs. The tuft is now entirely held between the two drawing-rollers, 
which, with their framework, are caused to travel down from their uppermost position to the lower- 
most one which they occupy, at a greater speed than the surface speed of the drum ; the lower 
of the two drawing-rollers is then brought into contact with the plain part of the drum, causing the 
rollers to turn in a contrary direction, so bringing back the partly combed tail end of the tuft, 
which is held until it has received a second combing from the succeeding portion of the drum 
furnished with comb teeth ; the rollers then deliver the thoroughly cleaned tuft and return into 
their former position to repeat the operation. A continuous sliver is formed by each succeeding 
tuft being so laid as to slightly overlap that which has gone before, and it is then passed forward 
into the can by the conducting-rollers. The card-rollers are for the purpose of brushing the noil 
out of the teeth of the drum, and this is pushed out of the teeth of the drum by a doffing-knife, 
and carried away by conducting-rollers. 

The introduction of the nipper principle into the combtng-machine constituted a great advance 
over the preceding plans. Succeeding inventors therefore embodied it in their improvements, the 
result being that a great amount of litigation was engaged in before the rights of each could 
be clearly defined. Lister and Donisthofpe had invented a plan of combing wool, which, though 
accomplished by slightly different means, embodied Heilmann’s principle ; the consequence was 
that an action was commenced by the proprietors of Heilmann’s patent, who secured a verdict in 
their favour. Lister thereupon made arrangements with them, whereby he secured the sole right 
of its application to wool-combing for the sum of 30,0001. This was done, not with the purpose of 
using the machine as made by Heilmann, but to secure the unmolested right to use and amend his 
own, which was considerably superior. Lister subsequently took out a number of additional patents, 
which were merely variations of the first, and intended only to prevent any colonrable evasion 
though real infringement of his rights. Since 1852, when the purchase above mentioned took 
place, the machine as made and vended is said to have returned to the owner an immense sum of 
money. 

The essential parts of the combing-machine as constructed by Lister & Donisthorpe are shown 
in Fig.*l468. The comber is combined with a screw-gill frame, the feed-roller o and the gill-bars 
a a of which, conduct the material into the machine, the tail end of each tuft of wool being 
combed as it is drawn from the last gill-bars. The brush b descends and presses upon the fleece 
every time that the nippers detach a portion, to prevent it rising out of the pins. There is a pair 
of nippers c, the upper jaw of which consists of a broad blade with a sharp ^ge, which is a fixture, 
and the under one of an upright bar which is caused to slide up and down by the revolution of the 
tappet e ; this under jaw has a grooved surface, into which the edge of the blade is inserted at each 
nip. A carrier-comb d takes the tuft from the nippers, and places it upon or rather in the teeth of 
the ciipnlar receiving-comb /, of which only a section is shown. A brush g drops into the points of 
the teefh, and presses the tuft down into a proper position for being drawn off. The illustration 
sltows the nippers in position to detach a tuft from the gill-bars ; when they have closed upon it, 
the framework in which they are held is made to traverse the arc of a circle into the position shown 
at A ; tUbre the carrier-comb advances to the same position, and pushes its teeth into the end of the 
tuft, just as the nippers open to release it ; the carrier then passes away from the dotted position, 
and, in thos* to which it passes, transfers the tuft to the receiving-comb. The portion deposited 
here is drawn away in a continuous sliver, and, as it is the dirty end or noil which is placed upon 
the cj’cular comb, this is cleaned by being drawn ofi^ the noil left being removed in the usual way 
by a knife-lifter and conductor-rollws. » 
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Knmeiolis improvements have since been made in the wool-combing machines, bnt aU have been 
based upon the inventions of Heilmann and Lister & Donisthoipe. It is unnecessary ti; trace these 
farther, as the principle will be thoroughly understood, from what has already been stated. 
Pig. 1469 is a perspective view of a wool-comber which is highly esteemed in the trade. 

The introduction of mechanical combing has been a main cause of the great development of the 
worsted trade, as a single machine will comb a greater quantity of wool than 100 men cotild do by 

1468. 



Draaing.—The process of drawing is partly intended to complete or perfect that of combing, 
namely to secure the parallel arrangement of the fibres of the wool, and to take from them their 
wavelet or undu- 
lating form, and, 
by elongating the 
fibres in that man- 
ner, to secure the 
greatest length. 

This is accom- 
plished by the ap- 
plication of heat in 
the drawing pro- 
cesses. The sliver 
is also attenuated 
and reduced to fit 
it for the spinning 
process. 

The “set” of 
drawing machi- 
nery usually con- 
sists of 6 &ames or 
screw-gills. The 
screw-gill draw- 
ing-frame is com- 
posed of an iron 
reservoir or steam- 
chamber placed in 
advance of the 
feed-rollers, the 
latter of which 
deliver the sliver 
to a series of gill- 
bars which travel 

from the feed-rollers in the grooves of two screws laid parallel to each other. Thfse gill-bars 
are furnished with two or three rows of pins. When they have arrived at the end of their 
traverse, they drop into the grooves of two other parallel screws arranged below the first pair 
for their reception, and by which they are carried on theirwetum to a point below thaf from 
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which they^taited, when they are elevated into the first position by the action of two cams, one 
on each ser^w. The screw-gill drawing-frame being fully described in the article (see pp. 1180-1) 
on Jute Manufactures, the reader is referred thereto for fuller particulars. The differences are in 
points of detail merely, occasioned by the respective natures of the material they are constructed 
to work. The steam-chamber is one of these. 

As soon as the slivers leave the combing-machine, a given number, say about 16, are placed upon 
a feed-table and divided into two sets, each of Which is passed first over the heated chamber by 
which the slivers are softened and better adapted for the drawing process, then through two sets of 
coarsely-fluted rollers which serve as feed-rollers. As the wool is delivered from these, the gill- 
bars rise, and the pins entering it conduct the material to the drawing-rollers. These rollers move 
with a velocity considerably greater than the feed-rollers, say 5-6 times or more, taking the wool 
from the latter in an even and regular manner ; and attenuating the combined slivers from their 
original volume by as many times as the drawing-rollers exceed the feed-rollers in surface velocity. 
The several drawings are passed into a coiling-can, by which they are loosely twisted into one. 
Eight of these drawings are next passed through the second frame, and elongated in the same 
manner, the process being repeated a third time. In the fourth passage through a similar machine, 
the material is received and wound upon two bobbins, carried upon two large spindles, having large 
fliers, by which the drawing is slightly spun or twisted, after which it is called a “ slubbing.” In 
the fifth frame, the travelling gills are replaced by four sets of rollers, through which the wool is 
passed, 16 slubbings being arranged in sets of 4, each set being further attenuated, slightly 
twisted, and wound upon four bobbins. The sixth is the last and finishing process of drawing. In 
this, three of the slubbings from the last frame are again attenuated, twisted slightly, and wound 
upon bobbins as before. 

The set of drawing-frames thus consists of 4 gill-boxes, the last of which delivers its material 
in spindles, and two roller drawing-frames, which receive it in the same manner. 

Roving . — The “ slubbing,” having been sufficiently prepared, is ready for the roving process. 
This is simply a further attenuation of the coarse and loosely-twisted strand of wool to fit it 
for spinning. In this set, there are again 6 machines, aU alike in principle, each doubling and 
delivering the preparation finer than its predecessor. A slight twist is imparted in each case to 
secure cohesion. After having passed these machines, the roving is sufficiently reduced, and 
yet possesses strength enough to pass into the next sfc'ge without parting asunder. 

Spinning. — Spinning is the last process in the formation of the thread, and in worsted is performed 
on the continuous principle by the throstle or cap-spinning machine. This is constructed on the 
same principle as the preceding machines, only differing in the parts being smaller and the spindles 
more numerous. The latter are vertical, and rest in a footstep-rail having a bolster or bearing-rail 
fixed above the wharve. A traverse-rail which carries the bobbins is made to ascend and descend 
by means of a heart-shaped cam. This traverse enables the yam to be laid upon the bobbins in 
even layers. Each spindle is mounted with a flier or cap, the former having curls at the extremities 
of the flier branches. The rovings are conducted from the creel between two rollers, the lower of 
which is longitudinally fluted ; next through or between three pairs of carrier-rollers, which simply 
bear the rove to the front or drawing-rollers, by whose accelerated speed it is finally attenuated. 
Being attached to the bobbins upon the spindles, the twist or twine is put in according to require- 
ment, a given number of turns to the inch, which is easily regulated by a change pinion. For 
30’s yam, there are usually about 10 turns per inch. (See Fig. 1467, p. 2088.) 

Worked weft or filling is mostly spun upon the pirns, ready for the shuttle of the loom ; whilst 
warp yarns are spun upon the flanged bobbins, from which they are wound and warped in a manner 
scarcely differing from the processes of the cotton trade. There is, however, only a small quantity 
of worsted yarn used for wsirp purposes, as, since the introduction of cotton warps, these have 
been (except for special purposes) almost universally adopted. They consist of good 2-fold yams, 
the bulk of which are spun and doubled in the Bolton and Oldham spinning districts of 
Lancashire. 

The system of spinning worsted, thus briefly outlined, is that known amongst practical men as 
the English system. For half a century, the trade of the worsted manufacturing centres of this 
*country,based upon this plan, has been conducted with uninterrupted progress and prosperity. 
Of late years, however, owing to a complete change in the current of fashion, which has been 
divirted to softer fabrics capable of conforming more easily and gracefully to the outlines of the 
female figure, worsted goods as hitherto produced in this country have been much neglected, espe- 
cially for Costume purposes. The consequence has been a great decline in the demand, unprofit- 
able trade, and diminished employment for the work-people. The return of worsted fabrics to 
public favour }ias been anxiously waited for, but without success. This adverse state of affairs has 
induced much discussion, and has brought into prominent consideration the advisability of adopt- 
ing the^rench system, by which fabrics are produced very much better suited to present require- 
ments. The chief cause of hesitatioreseems to be a prevalent doubt as to whether the taste of the 
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public is more than temporarily alienated from fabrics produced on the English system, apd whether 
the investments necessary for a change to the French plan might not prove a total loss. , There are 
persons who assert that the change of fashion is not in the direction of good taste, nor in harmony 
with those natural principles that* underlie the art of dressing. Others again dispute this con- 
clusion, and believe the opposite, and that the change of fashion marks a decided advance in the 
recognition of true principles, and as a consequence it will be perfectly futile to hope for the return 
of Yorkshire worsted fabrics to popular fevonr. To this view the writer inclinej. From these 
statements it will be obvious that any change will for a time at least not be more than partial, and 
that success on the part of the pioneers of the movement will have to be assmed before the step 
becomes anything like general. 

The radical difference between the English and French systems of spinning worsted lies in the 
fact that all the processes of the preparation are conducted without twist being imparted to the 
material, and that the spinning is performed on the mule-frame in place of the throstle. Another 
important point of divergence is, in some iuotances at least, in the French plan the wool is worked 
dry, that is without oil, but this is not to be recommended. Starting also with a softer staple of 
wool, all these differences are in favour of the production of a soft fabric, that will drape easily and 
gracefully, and so meet the present requirements of the modiste. 

When the fact is considered that the wool fibre is covered with scales, it will be apparent that 
to twist them together in the preparatory stages, in which a great deal of doubling and drawing has 
to take place, can hardly be a wise proceeding, as the scales are sure to interlock with each other, 
especially when insufficiently lubricated, the consequence being that when the drawing takes place 
the fibres are strained and to some extent broken, whilst a hard and wiry yam is the product. By 
the plan of avoiding twist until the spinning stage is reached, the drawing is rendered easier, less 
waste results, and a softer yam is produced, which is more bulky in relation to the weight. 

With the object of aiding the introduction of this system into this country, an eminent firm of 
machinists has paid great attention to perfecting a series of machines for the English market, by 
which yam can be spun on the French system. The initial stages for several steps are alike. 
After they begin to diverge, briefly described they are as follows : — 

let Process : Carding.— Is. the carJing-engine, the undiied wool from the washing-machine is 
carded. It is spread by hand upon the feed-lattice, whence it passes through a pair of feed-rollers 
and successively into contact with three burr-rollers, the first of which is 18 in. dhim. and steam- 
heated, the second 9 in., and the third 12 in., each having guard rollers and boxes for the reception 
of burrs. The burr-rollers are covered with steel teeth. This triple arrangement is an improve- 
ment upon the single-roller system. The clothing of each differs from the preceding, being graded 
from coarse to fine ; the effect is that the first roller throws out the coarse, large burrs ; the second, 
those of medium size ; whilst the third cleans out the finest burrs, seeds, &c. An oiling apparatus 
is fixed so as to discharge its contents on the wool at this stage, when oiling is held to be desirable. 
From here, tbe wool enters into the breast, the cylinder of which is 36 in. diam., and is provided 
with three pair of workers and strippers, respectively 8 and 3^ in. diam. There are two swifts 
each 50 in. diam., with a complement of four workers and strippers of tlie same dimensions as those 
above, fancy and stripper, and angle stripper. The sliver is stripped and balled by a calender- 
debvery and balling-head into balls 16 in. long. 

2nd Process.— 7 balls from the cardiiig-engine are put into the screw-gill balling-machine, and 
doubled into one with a draft of about 5. The object is to straighten and draw the fibres into 
parallel order more perfectly. The machine has one head of one delivery, gUI-screws to carry 12 
gill-bars, and balling motion with surface rollers. ^ 

3id Process.— The balls from the preceding machine, to the number of 10, are next supplied to 
the screw-gill lap-machine, the function of which is to reduce the round slivers of the balls to a 
flat sliver or lap, to suit the combing-machine, which comes next in order. It has one head of one 
deUvery, fluted rollers back and front, and screws for the same number of gill-bars as the preceding, 
the fallers having brass gills double pitch, and the rollers weighted with racks and friction-pulley! 

4th Process.— Combing is performed on Little & Eastwood’s patent combing-machine, which is 
a very compact and highly efficient machine, nearly aU the working parts being placed inside the 
circular comb of about 40 in. diam. The gill-head is put within the circular comb, and js fitted* 
• with 8 gill-bars. Inside the circular comb is a cylinder, around whose circumference 6' pairs of 
m'ppers are arranged. A stripper removes the noil, and a stop-motion arrests the action of ihe 
machine when the sliver accumulates on the drawing-off rollers. Its action is as follows : The wool 
is fed into the fallers of the gill-head by feed-rollers having an intermittent action ; the «nd of the 
lap is seized and held fast by a pair of nippers on the cylinder, while the feeding head recedes and 
draws the wool through the teeth of the fallers, combing one end of the tufts by yiis operatiou. 
When the lap is nearly pulled apart, a spring divider thoroughly separates it, leaving a tuft of 
combed wool in the nippers on the cylinder. The revolving cylinder next carries tlie tuft oyer and 
deposits it on 4he pins of the circular comb, the uncombed portion or noil ends being left inside the 
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circle behind the pins ; this end of the wool is then combed by being drawn outwards through the 
teeth of th^ circular comb by means of the drawing-off rollers. As the circular comb receives the 
tufts of wool with one end combed, the whole of the noil being placed behind the pins, its action is 
quite free, and little stiain is put on the pins ; the brushes and drawing-off leathers have diminished 
work ; the fibres of the wool are better preserved ; and the wesir and tear of the working parts is 
reduced to a minimum. This structure of machine possesses great capability, being well adapted 
for Australian, C^pe, River Plate, and similar wools. It is especially suitable for short wools, and 
in long wools will comb up to 6-7 in. in staple. Its delivery is arranged to double three into one : 
that is, as the sliver from the drawing-off rollers is delivered into the can, it may be so set as to 
take one or two other slivers along with it. In the combing process, therefore, with drawing three 
into one, the drawing after passing through the comb is altogether nine into one. 

5th Process. — ^In this, nine slivers from the comb are combined in one by means of the screw- 
gill balling-machine, the draft being about four. It presents no important features of difference 
from the one described before, except being doubled, having two heads of two deliveries each, two 
sets of gill-bars, and brass gills of double pitch. All these particulars can be varied according to 
requirement. * 

6th and 7th Processes. — :The sixth process is that of back-washing. In the English system, it 
is regarded ns desirable to wash and clear the wool before reaching the comb, whilst in the French 
plan this is deferred to this point. The back-washer eontains two washing-troughs, each fitted 
with two immersion-rollers ; two sets of squeezing-rollers, and five copper drying-cylinders. It 
has one head of two deliveries, with front and back rollers fluted, screws for twelve gill-bars, 
balling motion, and creel for eighteen balls. The wool leaves this process thoroughly cleansed from 
oil and earthy discoloration, and is further drawn and straightened. It works with a steam 
pressure of 5-10 lb. a sq. in. in the drying-cylinders, which are without bearings on one side to 
permit of the wool being easily passed over them. It will efficiently wash and ball 800-1000 lb. 
of wool in a day. 

8th and 9th Processes. — Repeated passages through the screw-gill balling-machine, as 
described in the 5th process, after which it is ready for the next stage. 

10th Piooess. — This is the first process of drawing. In it, the sliver-balls are brought from the 
last machine, and are doubled two into one with a draft of about four. The slivers first pass 
through feed-rollers, then over a porcupine-roller, next between a pair of front rollers, whose speed 
being greater than that of the porcupine, the fibre is drawn and straightened through the teeth 
of the latter. After this, it passes between “ rubbers,” which carry it forward and deliver it upon 
a bobbin actuated by a calender-roller. The machine contains eight porcupines and eight pairs 
of rubbers, and balls the material on four bobbins 14 in. traverse, two threads upon each, and 
each of which is reduced from two balls, requiring therefore 16 balls in the creel. It can be made 
for six, eight, ten, or twelve bobbins if required. 

11th and 12th Processes. Second Drawing-frame. — Repetitions of the preceding operation, 
and on a similar though rather smaller machine. The sliver from the foregoing is doubled two 
into one vrith a draft of about four, as in foregoing operation. The bobbins in this case are of 
12j-in. traverse. 

13th Process. Reducing. — Again a process similar to the last. The slivers are again doubled 
two into one, and attenuated by a draft of four, by which they are again reduced to half their 
former dimensions. The machine has four boxes, eight porcupines, eight pairs of rubbing leathers, 
eight bobbins of 7-in. traverse, and creel for two heights of bobbins. 

Idttfand 15th Processes. Slabbing. — Both similar to the preceding, but the doubling is four 
into one, with a draft of four, giving sliver of the same dimension. Bobbins 7-in. traverse, two 
threads being wound upon each. 

16th and 17th Processes. Roving. — Substantially the same as the foregoing, and performed 
on the same class of machine, though somewhat smaller. Doubling four into one, and drawing 
four. 

18th Process. Finishing roving. — This is the last stage of roving, and again the machine is 
simihir to the preceding. The doubling is however two into one, with a draft of four. This last 
• machine contains four boxes, eight porcupine-rollers, eight pairs of rubbers, and creel for four 
heightsmr 16 bobbins. The finished roving is received on eight bobbins of 7-in. traverse. The 
machines for all the preceding processes from and including the tenth, are similar in construction 
and principle, varying only in size and very slight details ; the latest ones are smallest. To secure 
freedom^rom vibration, which would injuriously affect the quality of the processes, the head- 
stock is built upon a strong base-plate, which prevents vibration from the gearing and the rubbing 
motion. The different parts are so constructed as to permit changes to be made with the greatest 
facility, to secure steadiness in working, so as to prevent any cutting of the wool, and finally to 
obtain durability in the machine. Through all the preceding stages, there has been no twisting 
of theiBbres, consequently no strain^g or damaging of the fibre, either by destroying its elasticity 
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or injniing its scaly imbrications. It arrives at the stage in which it has to assume its final form 
with all its qualities intact, and in the best condition for being subjected to severe torfion and the 
strain of a great draft. A four-hank roving is drawn and twisted simultaneously by a ‘draft of ten, 
so as to make a yam of 40’s count. 

19th Process. Spinning. — The final machine of this series is the mule, and, not as in the 
English system, the throstle-frame. Platt Bros. & Co., Limited, of Oldliam, the makers of the 
different machines thus briefly described, have introduced several important improvements in this 
machine. The one attached to the series of machines under notice contained 300 spindles 16 in. 
in length and ^-in. gauge, and was fitted with four lines of rollers, the lower one of each line 
being case-hardened, and the front top rollers being of wood covered^ and having case-hardened 
iron pivots, weighted by saddles and levers, the three rear-line top rollers being simply incumbent 
upon the lower ones ; it had also the double rim-band arrangement, and conical friction-box for 
working the cam-shaft and taking in the scroll-shaft. By newly invented appliances, the carriage 
can be stopped, or rather will be stopped automatically, at any point of its course, either in coming 
out or going in, by ‘the presence of any obstruction, and the spinning operationa will cease 
automatically should thh cam-shaft make its change before the appointed time. New means are 
adopted for regulating the tension of the backing-off chain during tlie depression of the faller-wire 
to the spindle-point, preparatory to commencing the backing-off. An automatic arrangement for 
forming the upper cone of the cop, technically called a “ nosing ” motion, is included in the various 
improvements, and also a patent winding-on motion, by which the winding is automatically 
adjusted to the enlarging form of the cop. These improvements constitute this mule not only a 
novelty for spinning worsted in this country, but also a more perfect machine for its purpose than 
any existing upon the Continent from which the general idea has been borrowed. Many of the 
novelties have been transferred and adapted from the cotton-spinning mule. 

Weaomg.— -Passing the intermediate processes after spinning, as not differing in any feature of 
importance from those in other divisions of the textile trades, we come to weaving. Here again 
there is little to distinguish it from the same branch in the cotton trade, to which it bears a close 
resemblance in details. There are a great quantity of fabrics made in a plain weave, though not 
to such a proportion as in cotton. In the worsted trade, the complicated weaves are proportionately 
much more abundant, and the jacquard a far more frequent adjunct of a loom. The plain loom, as 
it is called, is usually fitted to weave Orleans, alpacas, mohairs, and twills up to 6-8 shafts. 
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About the first departure from this class of loom is the one represented in Fio- 1470 '^ It i a 

single-pick rocking-box loom, with a two-holed shuttle-box, and weft motion at each end The 

cylinder and boxes are on the ordinary plan, but a tappet a is introduced upon the top or sinele 

pick shaft, which elevates a rod having a double-catch i at its extremity, connected with a d t 

motion working in the inclined slot-groove. In this groove works a single stud ° 

f. *1 ® prujecung afom A 
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horizontal square rod placed parallel with the bottom shaft. At each end of this rod is fixed a 
clutch, whibh can slide the tappet backwards and forwards on any single pick whenever required 
as directed'hy the arrangement of the cylinder. Three levers are provided on the cylinder, the 
middle one working the tappets, the inside one the boxes at the cylinder end, and the outside one 
the boxes at the driving end, the motion being transmitted through a small rod in proximity to 
the spur-rail. 

Fig. 1471 represents a loom constructed for a wider range of work than the preceding, being 
adapted to weave complex checks requiring a variety of colours. Its treading or shedding arrange- 
ment is similar to 
the preceding, but 
differs in its box capa- 
city, 6-8 or more 
boxes being arranged 
around a common 
centre, and caused 
to revolve by an end- 
less chain from a 
star-wheel in connec- 
tion with a pegged- 
wheel actuated by a 
three-rise tappet on 
the bottom shaft. A 
card motion having 
an eccentric and ordi- 
nary cylinder con- 
nects this tappet with 
the catches. A 
novel arrangement, 
however, is intro- 
duced into this loom 
in the shape of a 
sliding bowl between 
the three-rise tappet 
and the upright lever 
that moves to every 
double pick, and 
draws the drag 

catches that puli round the boxes. This sliding bowl is actuated by the cylinder, which slides it 
backward and forward to or upon any of the elevations of the three-rise tappet, as required, two 
cylinder pegs of different lengths being used to effect this object. The movements can “ skip ” or 
pass over any of the shuttle boxes, according to requirement, with facility and ease, so as to 
bring any desired shuttle into work. The complicated mechanism of this class of looms has been 
within recent years brought to great perfection, thus giving certainty of action and relatively great 
speed. 

Into the finishing processes of this branch there is no necessity to enter. 

Carpet (Fe., Tapis ; Gee., Teppich). The carpet manufacture forms a considerable branch of 
the worsted section of the textile industries. Floor-coverings are of great antiquity, and in general 
use amongst both savage and civilized races. They were most probably suggested by the verdant 
clothing of the earth’s surface, and consisted in early times of leaves, grasses, rushes, straw, and 
similar substances of vegetable origin. Amongst pastoral races and those addicted to hunting, the 
sMns of domestic animals and of those slaughtered in the chase were at an early time utilized in 
the same manner. It is not improbable that the art of weaving had its origin in the endeavour to 
obtain a cleanly and more comfortable article than leaves and rushes. This was realized by plait- 
ing or interweaving reeds from the river-bank in a manner which has survived to this day. In 
tropicJft climes, and the wannest of the temperate regions, these woven mats are still extensively 
used ; especially amongst the poorer classes of society. With the development of the art of weaving, 
more luxurious coverings were devised, for which a ready demand was found amongst the rich. 
Ancien^ civilized nations very early attained great skill, and displayed a high degree of refined 
taste in the designing and manufacture of carpets. China, India, Persia, Turkey, and Spain, under 
the Moorish dominion, are stated to have attained excellence in this respect. According to ac- 
cepted canons of taste, the work produced in Hindoo, Persic, and Turkish looms, yet stands in the 
front rank, if not in the very first position for its indisputable elegance of design and quality of 
product. Of late years, however^ it is complained that these characteristics are undergoing 
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detenoration, as contact with European peoples is degrading the former, and making the artistes 
acquainted with the processes of sophistication. ‘ 

Coming to the present times, it need only be remarked that as carpets are article of general 
ccmsnmption in all civilized countries, their manufacture is very widely spread. In this country, 
Kidderminster stands at the head of the districts where the industry is carried on; Wilton, 
Worcester, Bochdale, Halifax, Dewsbury, Durliam, and several towns in Scotland, also participate 
in the trade. The Continent receives a large portion of its supply from the looms of England, 
though fectories exist in some countries there in which high-class fabrics are produced. Of late 
years, a great development has taken place in the carpet manufacture of America, stimulated by 
the prohibitive tariff that has-been applied to foreign productions. Philadelphia is the centre of 
the American carpet industry. 

Carpets are made of various materials, either unmixed or in different combinations, according 
to the structure or effect required. A common carpet is produced in jute by the employment of 
dyed yams, the effect being obtained by arranging the colours in stripes parallel with the length, 
a checked effect resulting from crossing these with various coloured wefts (transverse threads). The 
“ Kidderminster ” or “ Scotch ” carpet, as it is indifferently called, is a figured fabric, generally 
having a worsted warp and a woollen weft, though in low qualities the latter is sometimes of cotton. 
In tapestries, Brussels, and similar fabrics, the warp is of linen or cotton, and the filling or weft 
forming the back of cotton or jute, wliilst the pile is invariably of worsted. 

TJntU within a comparatively recent period, carpets were woven in hand-looms, but the growing 
demand and the progress of invention has led to the introduction and extensive adoption of power- 
looms in this as in all the other textile industries. The different varieties of carpet, however, require 
different kinds of loom. Fig. 1472 is a representation of one of the best looms for the production of 
Scotch or Kidderminster carpets. As a great portion of the effect is obtained from the employ- 
ment of coloured wefts, the loom is fitted with revolving shuttle-boxes, which permit of the 
employment of as many as 16 shuttles, each containing weft of a different shade or colour. 
Another important feature in it is the possession of a double-beat lay, produced by the action of a 
cam, and which enables a clear shed for the passage of the shuttle to be secured, and, the weft 
being driven closely home, a firm texture is obtained. An improved arrangement for taking up 
and retaining the fabric as it is produced is introduced, ensuring uniformity of texture. There is 
very little in this machine in the way of specialities beyond what has been described in preceding 
articles on the different branches of the textile industries, except the few adaptations needed to 
render it better suited for its particular purpose. One feature, however, which has not hitherto 
been described, 'and which is a chief purpose of its introduction, is the jacquard attachment, a most 
important adjunct to the loom in nearly all the textile trades. 

Figured fabrics have been produced in the loom for ages past, but these required great skill on 
the part of the weaver to fabricate, and were consequently rare and costly, until the invention of 
mechanical aids to the weaver. These aids gradually increased in number, and were of various 
degrees of merit. The most important, and the one in general use until about 1820, was the draw- 
loom, which required the weaver to have an assistant, called a “ draw-boy.” The boy was alter- 
wards partially superseded by the invention and adoption of a machine called a “ draw-boy 
machine.” These plans were in common use some time after the invention of the jacquard, but 
the great superiority of the latter when its meiits become known, quickly secured its adoption. 
It is simply a development of the draw-loom. 

The jacquard machine was introduced into England about 1820, and after that time was soon 
extensively adopted. Numerous improvements have since been made by different person* and it 
has been brought to a high degree of perfection. It was first applied to the hand-loom and after 
some time to the power-loom. Its capacity was greatly extended bv the invention of the system of 
making compound harness, and also “ split ” harness, by two weavers of Bethnal Green 

A brief description of the illustration will suffice for present purposes The mechanism 
contamed in the frame on the top of the loom, and which constitutes the jacquard, consists of a 
prismatic roUer called the “ cyUnder,” which revolves on its axis. Inside the frame near this is a 
perforated board, called the “needle-board,” containing a considerable number of 
usually 200, 400, GOO, or 900, and from these numbers the jacquard is named It is not often that 
in the power-loom this number exceeds 400. These neetlles extend horizontally across th<^ frame 
one end protruding about i in. through the holes in the needle-board in the direction of th^ 
cylinder, whilst the other terminates in a box on the opposite side of the frame, called the “ snrirf.^ 
box,” because each needle at this extremity is fitted with a fine spiral spring,'the whole of ^h" ^ 
are contained in this box. In the centre of the length of these needles, a loop or eyelet^is 
through which wires are vertically passed having hooks at both extremities, the lower ones bein ’ 
attached to the descending cords called the harness, which again are connected with the 1 h ° 
containing the mails or eyelets in their centre, through which the warp threads horizontal! ^ 
The tops of these wires are bent to form an acute-angled hook, almost like the barb of a fisl^'^lk 
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AboTe these hooks, is a frame composed of several bars, called the “ griffe,” which is made to 
ascend and ^escend alternately, the bars fitting into the angle of the hooks. The “ cards ” are 
strips of cardboard abont ^ in. thick, closely perforated with round holes to receive the ends of the 

1 « 2 . 



horizontal needles. These cards are laced together so as to form an endless web, and the web is 
placed over the cylinder. At each extremity of the card is a larger hole, into which fixed pins on 
L cylinder enter, and by which thejare carried round. The loom having been provided with 
^ C s 
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warp, and the proper connections established between the different parts, it is ready ^ commence 
work. The cards are perforated to produce the design required, and according to th^ the pattern 
is woven. With the commencement of weaving, the card cylinder begins to revolve, bringing up 
the cards on the inside of the jacquard-frame. The cylinder being carried in a “ lay ” or batten, 
oscillates a sufficient distance to allow space for it to be drawn or pulled round by a pawl or lever, 
by which it is moved. Every movement is the fourth part of a revolution, and brings up a fresh 
card upon the cylinder, at the same time delivering the most advanced upon it. The cards are so 
adjusted that each lies evenly on the flat surfaces of the cylinder, and by the oscillation of the 
batten is brought “ square on ” against the needle-board. The ends of the needles, projecting 
about i in. through the board towards the cylinder, enter the perforations of the cards if these 
happen to be opposite their extremities, and are thus undisturbed, and keep their hooks upright. 
The griffe having simultaneously descended, its bars catch hold of these hooks, and in rising it 
draws them upward, and through the harness and the leashes containing the mails lifts the warp 
threads, opening a “ shed ” or passage for the shuttle. As only a portion of the threads are 
required to be raised at once, the others are prevented rising by the following means : When the 
cards are pressed against the needle-board, those needles which do not come opposite a perforation 
or hole in the card are pressed back and carry with them their vertical hooks, which are thus 
pushed out of range of contact with the bars of the griffe. Owing to this they are not drawn up 
when the griffe ascends. The threads thus left down are usually, though not always, lifted by the 
succeeding card. It will thus be obvious that there is scarcely any limit to the capacity of the 
jacquard to produce variety of design, as any single thread of the warp can be raised when 
required. In the ordinary jacquard, one card is required for every transverse thread or pick of 
weft contained in the figure or design of the cloth. When these have all passed over the cylinder, 
the pattern is completed, and a repetition commences. Sometimes these designs are very 
elahorate, and take many thousands of cards, instances having occurred in the silk and linen 
trades wherein they have exceeded 30,000. Many ingenious appliances have been invented to 
diminish the number needed in such oases, but to detail all these is not necessary ; a description of 
one of the most recent improvements will suffice. 

This is an invention patented during 1881 by James Irving, manager for Eichardson, Tee, 
Eycroft, & Co., linen manufacturers, of Barnsley, and which is intended to obviate the necessity 
hitherto existing of having to change the set of cards in use when weaving goods having end borders 
or figured centres, or both. The common plan would be to use a sufficient number of cards to work 
the design right through, but as the use of a great number of cards can be dispensed with by 
employing one -set for the centre figure or border or both, and another set for the ground and end 
border, and making the change when required, this plan is generally in use. The great drawback 
to it has been the cost of making the changes, weavers (men) being paid l-2(i. for each occasion. 
This generally amounts to Ss.-Ss. per loom per week, an important addition to the cost of 
weaving. Where women weavers are employed, it has been necessary to employ a man or two for 
the purpose of making tlie changes for them ; but as many of these requirements arise at the same 
moment, much additional time is lost in waiting. In whichever way the changes are made on 
these plans, 10-15 per cent, of the working hours of the week are lost. As fabrics which require 
these changes are numerous in all the textile industries, Irving has conferred a service on the trade 
generally by this invention. 

In his first plan, to the ordinary jacquard with which the loom is furnished, he adds a supple- 
mentary apparatus of the same kind, which is provided with all the requisites as in the first case 
but is smaller. The conjoint apparatus stripped of all unueeessary detail is shown in S'ig. 1473. 
The first jacquard is represented at a and the second at 5. The connection between the two sets 
is secured by the harness descending from b, and joining the harness of the first jacquard at A. In 
the figure, it is assumed that the fabric iu process of manufacture is a rectangular drugget, or 
’ other article having a central design, which is indicated by d, a plain or ornamental ground e side 
borders /, and cross or end borders not shown in Fig. 1473. The lines marked gM indicate the malts, 
of which, to preserve clearness, a few only are introduced. The mails g lift the warp threads which 
enter into the formation of the borders, being attached to the hooks of the set of needles at k 
which are operated by a set of border-pattern cards, shown on the cylinder below them. The mail:? 
A lift the threads that enter into the composition of the central figure, and are conneoteffVith a set 
of needles at I, and also by the additional harness to the needles in the second apparatus. The 
mails i operate the threads that compose the ground which are not woven either into the side 
borders or the central figure. These are connected with a set of needles at m by m/^ns of the 
harness indicated by dotted lines. Above the needles I, a plate o is suspended, which can be 
lowered when required between the needles I and the cards upon the cyUnder r, it being of such 
dimensions that when thus interposed and subjected to the action of the cylinder-batten, it pushes 
in the whole of the set of needles it covers, thus neutralizing the action of the cards, and throwing 
the hooks out of contact with the griffe, as long as may be required. This interposition'^is easily 
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brought alx)pt when the weaving of the fabric has progressed to the point where the formation of 
the central Resign has to commence. Thus blocked, the mails would remain inoperative, and the 
warp threads would not be woven into the fabric, were it not for their connection by the lines of 
the second set of harness with the supplementary jacquard 6. As soon, therefore, as the central 
figure has to commence, the weaver stops his loom, interposes the block-plate o, on the first 



jacquard, throwing the set of needles I out of operation, and brings the apparatus b into gear by 
moving a sliding clutch which engages it with the boss of a lever from which it receives motion . 
This brings into action the second set of cards which are perforated to produce the central figure 
instead of the general ground. When the design is completed, the second apparatus is thrown out 
of gear, the block-plate o is drawn up, and the set of needles / are permitted to resume their 
action. These changes are efifected in a moment or two with perfect ease by any weaver, whether 
male or female. 

The inventor provides for the needles I being put out of gear in a variety of ways, as well as 
the above. The invention is also applicable to the production of more than one design upon one 
set of cards, and, in fact, in most cases where the design cannot be produced by one set. Any 
required number, or the whole of the mails may be connected with the second cylinder, and they 
may also be connected with the needles, either the whole or any number thereof, on what is 
known as the “five-end system”; or two or any number of needles may be connected with one 
needle. The above arrangement is all on the single-end system. 

The manner in which the inventor prefers to produce the end or cross border is illustrated by 
Figs. Wa, 1475, 1476. Fig. 1474 represents a card-cylinder, and Pig. 1475 shows the arrangement 
of the needles to suit the cylinder. The vertical rows of needles s are spaced at twice the distance 
apart as compared with the rows of holes t in the cylinder, and there may be twice as many holes 
in each face of the cylinder as there are needles. In Fig. 1474, a portion of a card is shown in 
position upon the cylinder on the part marked «. The card is punctured with two sets of holes, 
the rows of one set alternating with the rows of the other, one set being shown by crosses and the 
other by dots. One of these sets of holes would produce the plain ground, or ground-pattern, and 
the other the cross or end border, referred to before. When the changes are required to be made, 
» the cylinder can be moved laterally, in the direction of its axis, by suitable appliances ; one 
means ot doing this is shown in Fig. 1476, where it is seen that a gudgeon of the cylinder is 
provided with a collar, working in a slot in the link of an excentrio v, which can be rotated to a 
sufficient extent in either direction by means of the cross lever w, whereon cords are attached for 
the purpose of bringing it within easy reach of the weaver. By pulling one cord, the cylinder 
moves in one direction ; whilst by means of the other, it is brought back. A lateral movement 
of the cylinder to the extent of half the distance between the vertical rows of needles puts 
one pattern dut and the other into action. In this manner, if desirable, more than two sets of 
patterns may be produced from one set of cards : thus one set of holes may produce the end 
borderi; a second, the side borders and ground ; and a third, the side borders, ground, and 
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central design, thns dispensing altogether with the snpplementary jacquard and itSffhmishings. 
From yarions canses, snch as the failure of the automatic stop-motion to arrest the<novement of 
the loom when the weft thread has broken, or from the necessity through the occurrence of a 
fault to unweave a portion of the cloth, the card gets out of proper relationship with the parts of 
the pattern last woven, in which ease it is necessary to reverse its movement with facility and ease. 
Pig. 1476 shows a means whereby this may be readily done. There are two levers x y, the first 
being a presser-lever, and the second a catch. Both are furnished with cords at their free ends, 
by pulling which they can be lifted clear of the cylinder, which can then be turned in either 
dirMtion with ease and rapidity by means of the endless band z, passing over the grooved pulley 
on the axis of the cylinder. 

The economy effected by the invention will be easily seen &om the following statement, which 
may be regarded as a fair average result of its application. Suppose a loom is required to be mounted 
for the production of a towel 40 in. long, and 90 picks to the inch. This, under the old system, 
would require 3690 cards, 600 long, the centre and border patterns being stamped on one card^ 
If these patterns were on separate cards, as on a still older plan, 7830 cards would be required 
300 long. By the improvement under notice, 600 cards 600 long will produce all the design. 
The expenditure on the first-mentioned system, requiring 3690 cards, would be as follows : — Cards, 
51. 18s.; punching the patterns, 51. 5s. ; band. Us. 6d. ; wire and wiring, 18s. 6(1. ; lacing, 11. 7s. = 
141. The improved form would be: for cards, 12s. Sd.; punching, 18s. 8d.; band, 2s. 2d. ; wire 
and wiring, 3s. ; lacing, 4s. 6(1. = 21. Is. In an economical point of view, this is of considerable 
importance in an establishment having a considerable number of l(X)m8. 

This heavy expenditure on the old plan has, however, led to the extensive adoption of the 
alternative method of changing the cards detailed above. But owing to the cost and the loss of 
time during working hours, it is questionable whether it is really of any considerable advantage. 
Also it may be remarked that any change in the length of the towel necessitates a corresponding 
change in the number of cards, which is a source of delay. The 600 cards on the improved plan 
weave any length required, and the change from the body to the border pattern is effected without 
stopping the loom. In fabricshaving a medallion centre, on the plan generally in use, 1800 cards 
are required for border and filling in addition to the ordinary set, and these need to be changed 
six times during the weaving of each cloth. This improvement requires only an addition to the 
ordinary set of the actual cards used in weaving the centre figure, whilst changing is altogether 
dispensed with. Its advantages will therefore be fully obvious. 

In carpets such as Brussels, tapestry, and pile fabrics generally, the body, backing, or foundation 
forms the true fabric, with which the pile-threads are interwoven. The latter are usually of a 
different material, and are interwoven in such a manner as to form a terry, looped, or pile surface. 
The weaving of these articles differs only little from that of plain fabrics or those woven by the 
jacquard. All that is required in addition is mechanism by which the pile-threads can be 
formed into loops on the surface during the piocess of weaving. There are several plans of 
doing this, but the one in highest favour is that wherein wires are introduced into the “ shed” or 
opening formed between the body and the pile-warp, and which, when the threads of the latter 
have been woven down into the body-fabric, are withdrawn, leaving a line of loops across the width 
of the fabric. Previously to 1850, nearly all carpets of these kinds were woven by or on hand-looms. 
This was a laborious occupation, and the production of each weaver was a small length per week. 
There have been considerable improvements since the date mentioned, by which the quality has 
been improved and the production increased. There are yet in use in both this country and 
America a considerable number of hand-looms, chiefly employed with jacquard attachment on the 
production of ingrain and damask carpets. 

Mechanicians in the field of carpet manu&ctnre bad a comparatively easy task before them. 
The power-loom with the jacquard attachment was ready to their hand in a very perfect condition. 
All it required was that its different parts should be strengthened and adapted to withstand the' 
shock of driving home the filling in a heavy fabric like a carpet. This was easily accomplished 
as was the addition of a strong pacing or warp-delivery arrangement and taking-up motion. Tiie 
principal part requiring to be invented, and which is peculiarly an adjunct of the pUe-fabrio loom 
was an automatic method of inserting and withdrawing the wires by whi(!h the loops of the pite 
are formed. Another important, point was to combine this apparatus with the mechaniah of the 
power-loom as employed for weaving either plain fabrics or those with jacquard patterns. After 
some difficulty, this was successfully accomplished, and since that time the carpet industr^as 
rapidly extended in this country, an d of late years also in America. 

Figs. 1477, 1478, 1479 illustrate the construction of the fabrics known as tapestry, Brussels and 
velvet-pile carpets. The first is a longitudinal section of the tapestry carpet, with the shed open 
for the insertion of a looping wire. It will be observed that the warp consists of 'three distinct 
portions. The pile-warp a is usually composed of printed worsted yams, the design being printed 
in such a manper that when woven and piled in the fabric, a pattern shall be the result. Tfie next 
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80 tJiat during wear the pile-threads will not easily allow themselves to he drawn from their 
poeitioD. The threads of this warp neither rise to the front nor descend to the back of the fabric ; 
being introduced only for the purpose before named, they are retained in the centre of the fabric. 
The threads of the pile- warp a are never taken below the filling-warp d, consequently tiiey never 
appear at the back of the fabric, which fact explains the absence of coloured threads at the back of a 
tapestry carpet, by which inexpert people are best enabled to recognize its true texture. In weaving, 
the whole of the pile-threads are lifted and lowered at once ; when raised, it is for the purpose of 
admitting the introduction of a new wire as seen at e. When lowered, one portion of the body-warp 
h is raised to form a shed for the weft, which has the filling-warp d raised to form a different shed 
for its return. The course of each warp and its function in the construction of the web can easily 
be traced from the diagram. After a suflScient length of the fabric has been woven to prevent the 
tension on the pile-warp drawing down the loops, the wires are withdrawn, and are then ready for 
renewed use. 

Fig. 1478 represents a similar section of Brussels carpet with the shed in like manner open for 
the insertion of a new wire. The texture of the fabric is very similar to the preceding, so far as 
the interweaving of the threads goes. The body-warp 6 serves the same purpose as in the preceding 
case, but is differently composed, there being three, four, or five times as many threads in the pile- 
warp as before, and only J or i of these are raised at one time to form the pile. The remainder take 
the position of the filling-warp in the tapestry carpet. In Brussels carpet, the pile-threads are 
individually of one colour only, and not printed to form the design as in tapestry, the jacquard 
lifting the coloured threads to form loops as required by the nature of the design. Some of the 
pile-threads being required to be raised very frequently, and others only at long intervals, 
necessitates the use of a creel or bank in which bobbins containing only one thread each are placed, 
in this differing from the tapestry carpet. The pile-threads are all wound upon one beam. The 
embodiment of such a large proportion of the pile-threads in the filling-warp causes the 
colour of the threads to appear at the back — ^indubitable evidence of its being a true Brussels 
texture. 

Fig. 1479 illustrates the construction of the web of a velvet or cut-pile carpet, which is almost 
identical with the Brussels in texture, except that two threads of weft c are used for binding the 
pile. The pile wires e are also elliptical in the form of their section, thus making a deeper pile when 
inserted ; and, being furnished with a knife-edge at the distant extremity, cut the loops when 
withdrawn, as illustrated in Fig. 1479. Fig. 1480 is a full-size iUnstration of the wire used for 
weaving a cut-pile fabric, g being the blade or cutting end. 

Figs. 1481, 1482, 1483 exhibit the order of “ shedding,” by which the Brussels carpet is com- 
posed. Fig. 1481 is for the passage of the shuttle and the reception of the weft. All the pile- 
threads a have been raised, and also one-half of the body-warp b, the remainder being left down. 
The shuttle is then thrown through the open shed, leaving the pick of weft that shows itself at the 
back of the fabric. The next movement opens the shed shown in Fig. 1482, which is also for the 
passage of the shuttle, and the reception of a thread of weft. In this, all the pile-threads are down, 
and the two portions of the body-warp 6 remain as before, the shuttle traversing the shed again puts 
in the top pick or thread of weft, which is the binding pick by which the loops formed upon the 
wire last inserted are tied securely in position. Fig. 1483 shows the last shed necessary for the 
formation of this particular fabric. It is for the reception of the wire used in the formation of 
the loops ; all the body- warp threads b are left down, also all the pile-threads a not required for the 
design ; those needed to form the pattern are lifted by the jacquard, and, on the insertion of the 
wire, are retained in loops by it until a binding thread of weft has tied them down. To keep them 
securely fixed, the wires are left in until a sufficient length has been woven to prevent them being 
drawn backwards. 

As observed before, the problem to be solved in connection with the carpet-loom was the 
invmition of an automatic plan of inserting and withdrawing the wires to form the loops. As in 
connection with nearly all other mechanical inventions, the present approximately perfect system 
has been the result of growth, the first rude effort serving as the foundation upon which 
succeeding inventors have built. An arrangement was first constructed by which from a bundle of 
wires a single one was successively drawn as required, and, by means of a pair of nippers, fixed at»- 
the end of a reciprocating rod, was carried into the shed ; and after having been wove».'into the 
fabric and subsequently withdrawn from the loops, the wires were returned by the hand of the 
weaver to the bundle. An improvement followed this by which the whole operation was rendered 
self-acting. This consisted of dropping wires successively from a hopper into a longitud^ groove 
in a rod, which was carried into the shed in guides, and was then caused to make a half-revolution 
by means of a screw-incline on the rod, by which the wire was dropped into its place in the shed. 
The wires were successively withdrawn from the fabric by reciprocating nippers, fmd carried up 
again into the hopper by endless chains. The next step was to simplify this by a plan of plaring 
the wires sepprately in a groove from which in succession they were pushed into the shed, and 
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being constrncted with a hook at the back end, each was subsequently, at the proper moment, 
withdrawn and transferred to the fee<fing-trough for use again. 

In theseCrst attempts, various means were used to support the forward extremity of the wires, 
as it was assumed that they could not be otherwise held with sufficient rigidity to secure their 
correct insertion without being thus sustained. This plan was, however, afterwards abandoned, 
as by the aid of further improvements it was shown to be unnecessary. 

Some years ago, W. Weild, of Manchester, invented a system of inserting the wires in carpet- 
looms which, with subsequent improvements, has remained in favour up to the present time. This 
plan is known as the roller wire-motion, and is fixed to one side of the loom. Figs. 1481, 1485, 
1486, show front elevation, plan, and section of this attachment. In the two first figures, a wire a 



is shown being inserted into the shed of the fabric. In the plan. Fig. 1485, is shown a portion of 
the woven fabric, and the reed with which the weft and the wires are pressed to the fell of the 
fabric — the part last woven. Fig. 1486 is a transverse section of the roller r in its casing e and 
the slide t for inserting and withdrawing the wires. The roller and its casing e are rather longer 
than the width of the carpet to be woven, and the upper part of the casing is cut away through 
the extent of one-sixth of the circumference of the roller, as shown in the figure. In the surface of 
the roller r six longitudinal grooves are cut, of a width and depth corresponding to the diameter of 
the wires. The roller enclosed in its case is fixed with its end about 9 in. from the edge of the 
carpet, a^d with its upper surface parallel and in the same plane as the “ fell ” of the carpet. At 
the end of the casing nearest the warp, a recess is formed between the end of the roller rand a hoop i. 
Fig. 1485, concentric with the roller. In this recess, which extends through i of the circumference of 
the roller, the heads of the wires are held when inserted in the fabric as shown in the plan. The 
hoop keeps the heads of the wires down in their places, and prevents them being pushed too far 
into the warp, and at the same time prevents their being withdrawn before the proper moment. A 
• projection upon the end of a spring j attached to the side of the casing keeps the heads of the wires 
erect, pressing them against each other, and against the end of the recess during the whole time 
that the wires remain inserted in the carpet. At the opposite end of the roller, is a projecting 
collar forpied all round the roller, between one end of the casing e and a hoop carried by a bracket. 
This colla? contains six grooves in which to receive the heads of the wires, and retain them in 
theiicorrect radial position, whilst being carried round by the roller, in the direction shown by the 
arrow in the sectional view. When the roller is stationary, two of its six grooves are opposite the 
two extrenJfe wires in the recess i. Fig. 1485, one being opposite the wire last inserted, and the other 
opposite the wire next to be withdrawn from the fabric. The other four grooves h have each a 
wire lying in them as shown in the section, so that each time the roller makes x rev., one wire is 
brought round to the place for insertion into the shed of the warp, and the wire last drawn from 
the carpgt is carried away. 
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On the ftont of the casing e, a slideway is formed parallel to the axis of the toller r, npon which 
is fitted a slide t carrying a finger « for inserting the new wire, and the pawl c for withdrawing the 
last wire. The finger is hinged npon the slide t by a spring-joint, as shown in the slction, so as 
to be steadily held when either up or down. When down, as in Fig. 1484, it slides against the 
inserting edge of the casing e; 

and a recess in the extremity of 1 * 86 . 

the finger fits over the head of 
the wire that is being inserted, 
so that, as the slide t traverses 
inwards towards the carpet, the 
finger « pushes the wire forwards 
into the shed, holding it down 
into the groove of the roller. 

When the slide arrives at the 
inner end of its traverse nearest 
to the carpet, the pawl v is 
tripped up by the head of the 
wire next to be withdrawn, and 
drops on the inner side of the 
head, and the wire is then with- 
drawn by the pawl during the 
outward traverse of the slide t. 

In order to prevent the wire, 
whilst being withdrawn, esoap. 
ing from the groove in the 
roller, several curved fingers k 
are used, jointed to the under side 
receives the wire withdrawn, as shown by the dotted lines in the section’and each finger is pressed 
down upon the roUer by a spring acting against the side of the hole through which the finger 
passes in the casing e. These fingers have to be lifted ont of the way successively, in order to allow 
the head of the wire to pass ; and this is done by a double incline I upon the bottom of the slide f, 
which acts upon the projecting tail of each finger in succession during the traverse of the slide. 

The slide receives its traversing motion from a rope x, which is secured in a hole in the slide 
by a block and set-screws. Fig. 1484 ; this rope passes over guide-pulleys at the ends of the roller- 
casing e, and then downwards to a larger pulley not shown in the drawings, to which the two ends 
of the rope are secured. The shaft of this pulley carries a pinion-gearing with a toothed sector, 
which is centred at the top in the framing of the loom, and is worked backwards and forwards by 
a drum-cam upon a shaft behind. This cam is shaped to produce a quick forward traverse of the 
slide t, so as to insert the wire quickly whilst the shed is held open for it; but it gives a slower 
backward traverse to the slide, so as to withdraw the wire slowly, having more time in which to 
perform this operation, as a wire is inserted only in every third shed. 

After each wire has been inserted, the wire roller r is turned round through i rev. in the 
direction of the arrow, by means of appropriate mechanism. A cam upon the end of the cam-shaft 
gives motion to a lever, oscillating upon a centre in the framing of the loom ; and the other end of 
this lever has a forked pawl jointed to it, which is kept pressed by a spring against the pins in the 
disc B, secured upon the end of the wire roller. The wire is held steady by a T-pie*6 sliding 
vertically, and which is pressed upwards by a spring against the pins in the disc n. The wires 
lying in the grooves of the roUer, previous to insertion into the fabric, project 2-3 in. beyond the 
inner end of the roller; and if the point of the wire went straight forwards as pushed from the 
roller groove, it would be impossible to make it enter the shed correctly, as it would then be so olc»e 
to the fell of the fabric, or junction of the warp threads forming the fell or angle of the shed that 
the point of the wire would inevitably catch these threads. The wire is consequently sprung or 
deflected upwards, as shown at a. Fig. 1485, by means of the short grooved guide z, through which the 
wire passes as it is pushed out of the roller groove. This guide is fixed upon the top of a vertical, 
rod which is moved up and do*n by a lever actuated by a cam, and when the wire has Ijgen pushed 
nearly through the shed, the guide is lowered into the position shown by the dotted lines in 
Fig. 1484, to be out of the way of the wire at the moment of Us being driven up by the reed,%fter 
which it is lifted again to be ready for the insertion of the next wire. The springing of the wires 
by the guide in directing them into the shed might at first sight appear obje^tioLile, but the 
amount of this bending does not exceed what they will recover by their own elasticity and the 
experience of working during several years has proved it to be of great advantage, bemuse the 
bending stifiens the wire and makes its point steadier whilst passing through the shed. Besides 
this, in coui^uence of the angle at which the guide causes the wire to enter the shed, thq. point of 
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the wire comes into a wider part of the shed, the further it passes through the shed ; and thus as 
the nnsteSdiness of the point of the wire increases with the greater length unsupported in the shed, 
more spadi is allowed for its vibration without risk of its catching the threads forming the shed. 

Owing to the position of the roller wire-motion at one side of the loom, the shuttle-box on that 
side has to be made detached &om the ordinary sley or batten. It is therefore carried npon separate 
sley-swords, which oscillate upon a shaft coinciding with the shaft of the ordinary sley. This loose 
shuttle-box is actuated by a cam npon the crank-shaft of the loom, which acts npon a roller in a 
rod jointed at one end to the shnttle-box, the other end of the rod being slotted to slide upon the 
crank-shaft as a guide. The cam is shaped so as to actuate the loose shuttle-box in such a manner 
that it will come opposite to the sley and have a motion identical with it at the time the shuttle is 
passing into the shed. The description of this ingenious attachment to the carpet-loom is 
substantially that of the inventor. On good looms, to which it has been added, a production of 
42 yd. a day as an average is easily attainable, including stoppages. 

During the past few years, several important improvements in the carpet-loom have been 
introduced, the object of which has chiefly been to simplify the mechanism and facilitate production. 
The Bigelow loom, the first successful power-loom for the manufacture of carpets, was an American 
invention, and we are indebted to that country also for several recent improvements of an important 
nature. 

The standard make for Brussels carpet is 8 wires for 1 in. of length and 27 in. of width of 
carpet. The diflference in the work involved and in the quality consists in the greater or less 
number of coloured threads used in the pile-warp for forming the pattern ; in the best carpets, 
these amount to 1300, aU of which are to be brought up to the surface in turn and kept in order. 
About ^ of these moat be lifted by the jacquard at each insertion of a wire, to ensure its being 
completely covered all across the fabric. To the above threads have to be added those of the body- 
warp, about 400 in number, thus bringing up the total in a good Brussels to about 1700, each of 
which must have a separate mail or cord, so as to permit of its being picked up individually when- 
ever required by the design. 

In the manufacture of carpets, as in other goods, great changes have been produced by the 
extension of our commerce. English wools, such as britch, saycast, matching, neat, brown drawing, 
and other sorts were formerly the main bulk of those consumed. These, however, would now be 
too expensive, and consequently have been superseded by foreign wools, such as E. Indian, Persian, 
and other barbarian wools, i. e. wools from unimproved breeds of sheep, many of which possess very 
good qualities for carpet purposes. Oporto wool is in high estimation, yielding a soft, lustrous 
yam, which covers the grounds very well, and is extensively used for medium shades of colour, and 
for browns, yellows, &o. Best whites are made from high class English wool, whilst low whites 
are obtained from an inferior quality of our home produce. The former are also used for white 
shades and light drabs ; a medium quality is used for general purposes, and is suitable for such 
colours as reds, browns, and most dark shades. For black grounds, it is most economical, and also 
satisfactory as regards quality, to use a level, full, and well-spun grey yarn. Less dyestuff is 
needed to get the required shade, which, when it is obtained, is as solid and durable as that upon 
a white yam, though the dyeing will have cost 20 per cent. less. 

The quality of carpet pile-yams is judged high when it is free from lumps and kemps, and is 
evenly spun in every respect. It is far the wisest course, though not quite a common practice, to 
scour samples of all yams intended to be bought, because this reveals the faults, especially when 
unevenly spun or twisted, which causes it to “ cockle ” or twist up, arising from the strands having 
shryik unequally ; this fault gives much trouble in after processes. When the sample hank has 
been scoured, it should be compared with that in the grease by extending it upon the hand ; if it 
has shrank very much or has “ cockled,” it will not prove a satisfactory yam in working, and ought 
to be avoided. It is also desirable to carefully ascertain the diminution of weight after scouring, 
because much loss may accrue from buying yams heavily laden with grease. The strength of the 
yam is always an important matter, and care should be taken to have it of a quality equal to the 
work expected from it. Both itt this respect and in regard to fineness, it should be tested 
frequently; in the latter, in every delivery when the yam is purchased from outside. When 
the test shows it to be within a quarter of a count of the nominal findhess, it is regarded as 
cos^t. 

Scouring the yams is simply the process of clearing them from the oil and grease of previous 
• stages, and is ordinarily performed in a “ wash,” or bath of water in which soap or honey soda has 
been dissolved. Several special methods have been adopted for doing this efliciently, but these 
reqr&re no particular description, as the object of all is to clear the yam perfectly. The system by 
which this result can be secured most completely is manifestly the beat one, and any plan falling 
short of this is not to be adopted. WeU-cleared yams take the dyes more perfectly than others, and 
yield a belter result. 

, For dyeing purposes, copper, wooden, or stone vats are usually employed. Of these, perhaps 
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tbose of stone iue most eligibly for they do not absorb and retain the colonrs to the detriment of 
soseeeding baUra, as do those of wood, and are rarely if eyer affected by acids, as is sometimes the 
case when they are composed of metals. * 

Seyeral hank-dyeing machines of considerable merit haye of late years been introduced into the 
yarioas textile industries wherein dyeing is a branch of the process, and these haye found fayour 
amongst carpet-manufacturers, because of the greater uniformity of colouring obtained by their use. 
The hanks of yam are hy means of the machine simultaneously immersed in the dye-bath, and in 
like manner withdrawn when required, all being thus uniformly exposed. A recent improyement 
also enables the hanks to be automatically wrung, which ensures eyery hank being twisted exactly 
alAe, whereby the liquid dye is equably expressed, and eyenness of shade is secured. 

By these yarions improyements, carpets are now produced, and enabled to be sold at yery low 
prices, whilst retaining excellence of quality and beauty of design. 

Besides the pile-warp, which is always composed of worsted, there are three other yarieties of 
yam that enter into the composition of a carpet: the “chain,” the “shute,” and the “ staffer.” 
The former is amongst mannfecturers preferred to be of linen, for the reason chiefly that it giyes 
weight and firmness to the fabric in a superior degree to cotton, though the latter is a better 
wearing article when of good quality, and is often if not always more economical. When linen 
warps are used, the sizes are usually 5J, SJ, or 6 lea good tow yams, the middle number being the 
most common. In cotton, the numbers are usually S’s 9’s and lO’s 3-fold, the first preyailing as 
regards quantity consumed. Jute has been trie^ but has not been found to be a satisfactory 
substitute. For the shnte or weft of the fabric, linen is always used, as, not requiring to be so hard 
spim as the shorter fibre of cotton, it is more easily embedded in the warp threads, and coyers them 
in a superior manner. The staffer warp is composed of low cotton- waste yams, called “ bump ” 
yams, the single thread of which rans about 70 yd. to 1 oz. Its purpose is to stnff or fill tapestry 
carpets, hence its name. This class of yam is the best known article for the purpose. It is 
produced principally in the neighbourhood of Oldham. The’ chief requisite of quality is 
eyenness. 

Chain, shute, and staffer yams are all sized before being used. The “ sizes employed are 
composed of different materials, such as horn piths, old pickers, glue, and one which is glue in an 
unfinished state. These are preferred by indiyidual manufacturers for different reasons, some of 
which can hardly be distinguished from sentiment or prejudice. 

Designs. — The most important part of carpet manufacturing is to secure good designs. In 
9 cases out of 10, if not in 99 out of 100, a carpet is sold by the design, the intrinsic quality being 
taken into consideration only as a secondary matter. Of course, the best designs are always utilized 
for the highest qualities, because they are most likely to be selected by consumers possessing taste 
and culture, which qualities are usually found associated with fair means or social position. Large 
establishments possess designing departments imder the superintendence of first-class men. 
Smaller establishments procure their patterns from professional designers, who make designing a 
separate business and sell their productions to all comers. Schools of art haye done much to 
improye taste and increase competition in this branch, and it is not difficult to obtain excellent 
' designs in this manner. 

Another important requisite of this branch of the art is that of being a good colourist. A 
capital design may easily be spoiled by incongruous or inharmonious colouring. When a good 
design, howeyer, is secured, it is desirable to make the most of it, which can often only be done by 
bringing it out in from three to ten or twelye colourings, in order that it may harmonize readily 
with a great yariety of surroundings. It is frequently discoyered also that the designer’s arrange- 
ment of colour can by a slight modification be improyed upon, and this is sure to show itself under 
this yaried treatment. To most establishments is attached a man whose duty is to try the effect 
of slight alterations in the colourings, and improye them where possible. An indifferent design 
when skilfally coloured is often more successful in striking the puBlic taste than a better one where 
the colouring is not so well done. 

Products.— Having brought under notice a condensed yiew o£ wool as a raw material, showino’ 
its nature, yariety, sources of production, and chief applications, and haying followed it through 
the various processes of the three principal industries of which it forms the basis, and in which 
it is transformed into articles of utility, a brief enumeration of the yaried products may .be 
permitted. 

Woollen goods is a comprehensive phrase, and includes all those articles manufectured from • 
carded wools by the processes previously described. At the head of this class, deservedly stand the 
celebrated broad-cloths of the West of England. In the last century and during the first hafr of 
the present one, scarcely any articles except broad-cloths, plain woven fabrics, and Kerseymeres or 
twilled fribrics, were available for the consumption of the male sex. These were uniform ii: colour 
yariety of colour and shade being all the changes available to meet the demands of fashion The 
first-mentioned article has undergone no important change for centuries, except approaching ^eatey 
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perfection of finish, arising from improved methods of manufacture and the introduction of finer 
wools, 'flie industry is widely spread, but in no centre are the articles produced by the West of 
England surpassed in the best and most essential qualities of a good fabric, — thickness, solidity, 
suppleness, fineness, and beauty. This has been amply demonstrated at the numerous international 
exhibitions that have been held during the past 20-30 years, and which have permitted comparison 
to be made with the productions of other nations. In the best goods, the highest priced Silesian or 
Electoral wools are almost exclusively employed. A lighter class of these fabrics are made in 
Germany, the beauty and excellence of which can hardly be surpassed. Those of France also 
possess high qualities. America scarcely produces any broad-cloths. 

A great change was inaugurated in the manufacture of cloths in 1834 by the adaptation of the 
jacquard attachment to the production of fancy woollen cloths. This was first done by Bonjean, a 
woollen manufacturer of Sedan. He conceived the idea of modifying the plain cloths hitherto 
universally made, by uniting upon the same stuff different tints or patterns of tissue, which he was 
enabled to effect by means of the jacquard. It was soon evident that tiiere could be no end to the 
variety of patterns that could now easily be produced, and that fancy could henceforth be allowed 
free play. Prom this fact, the name of “ faney ” woollens was derived. This process was soon 
extensively Imitated in France, Germany, England, and America. In the last country, George 
Crompton, a Lancashire emigrant, having his attention drawn to these goods, invented a loom 
specially adapted to their production, and which, known by his name, has since been extensively 
introduced into the trade. Similar looms have been devised by other inventors, and a large trade 
in these goods has been created in all countries possessing an establislied woollen industry. As a 
consequence the products are innumerable, and in style and pattern vary with the changing seasons. 

Flannel manufacture is a considerable branch of the woollen trade. Flannel is cloth which 
only passes through two or three of the processes subsequent to weaving. Flannels are extensively 
worn by all classes of society, both male and female, for under-garments, for which they are 
exceedingly well suited. They are extensively produced in England, Germany, France, and 
America. A comparison of English and American flannels shows that the latter have the yams 
rather more closely twisted or spun, to prevent or diminish shrinkage. Flannels are made plain, 
twilled, dyed and printed, and in unions of cotton warp and wooUen filling, or otherwise, as more 
frequently of late, the cotton being introduced in the fibrous state, and mixed with the wool in the 
earliest stages. A high class article is obtained by the employment of a silk warp, and yarns from 
a high grade of wooL Blankets for bed-wear are a heavier description of flannel, and constitute an 
extensive manufacture. 

Worsteds, the next great class of textures of which wool forms the raw material, offer much 
greater diversity than the preceding. The first point of difference is that the yarns are composed 
of combed wools, and the fabrics are rarely shrunk in any stage of the manufacturing process. 
Thirty or forty years ago these products almost exclusively appertained to female uses, as did 
woollens to men’s purposes. Since that time, however, great changes have taken place, and the 
softer sex have successfully claimed a large portion of the products of the wooBen industry, whilst 
on the other hand men have occasionally adopted worsted goods for wear, especially in coatings. As 
a division, this branch is equal to if not superior in importance to the woollen manufacture. 

The fabrics produced in worsteds are almost infinitely varied. The names, however, by which 
they are distinguished are purely fanciful in most cases, and afferd no clue either to the class of 
the material of which they are composed, or the method of fabrication. These names are usually 
given by the manufacturer or merchant who first introduces them, and if they should prove successful, 
it is jot often long before the name is attached to some other fabric of quite another character, or 
at l^st a degrad^ imitation. To suit the public craving for variety, old fabrics are continually 
reappearing under new names ; and with some slight modification still more frequently. Hence 
the great confusion which exists amongst distributors and the public, who are bewildered thereby, 
owing to the want of some rational or scientific system of classification. 

The texture, weave,” or armurc as the French call it, offers the best basis for a classification 
of woven goods, and might, paying due regard to the other elements of the fabric, form also the 
basis of a system of scientific nomenclature, though it is doubtful whether such could ever become 
a substitute for that popularly current. The texture or weave means the order of tlie interlacement 
of the warp threads ; the French designation armwe means the system of harness with which the 
loom is furnished or armed. There are four of these systems which may be regarded as fundamental, 
•and which are employed to produce nearly aU the varieties of simple fabrics. In the first or 
“taffeta” weave, there are only two harnesses, forming a simple interlacement of the threads, such 
as us?d in the production of plain broad-cloth, calico, or mousseli-nes-de-laine. In this, alternate 
threads of the warp rise together, the intermediate ones being depressed to form the shed for the 
passage oS the shuttle and the introduction of the weft. When a thread of the latter has been put" 
in, the elevated threads descend, the bottom ones rise, and another transverse or weft thread is 
inerted, the previous one having been driven home by the slcy. The next is the “twilled” or 
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^Batavia” weave, in which four harnesses are employed, and in which the four leaves of the 
harness ascend in successive order, producing a pattern npon both sides of the fabric, wMch takes 
the form of a dis^onal line across the width, the pattern on the back running in an opposite direction 
to that on the &ont. The third is the ^ serge, ** a 3*hamess twill, the effect being a similar pattern 
to the above, but npon one side only, the back being in this case plain. The fourth is the “ satin ” 
weave, and is produced by five or more harnesses ; the effect in this is to bring the weft threads most 
conspicuously to the surface. Many of these are often combined with one another, or with “ fancy” 
weaves, one of which is the leno, in which the warp threads are made to half twist round each other^ 
and are fixed in that position by the weft. By these means, and the combination of various 
materials or colours, numerous and widely different effects are produced. 

The following table of worsted stuffo composed of the finer classes of combing wool will prove 
instructive, and illustrate the foregoing observations. As will be seen from the names, the first 
portion of the list is chiefly French, and is from Alcan. The later is English. Both are, however, 
common in many cases to England, France, and America. 


Kame of Fatk’ic. 

Weave. 

Warp. 

Weft. 


Taffeta . . . . 

Carded wool 

Carded wool. . .. 

Beps.. .. .• •. 

„ ... 

Wool 

Fine wool . . . . 

Turquoise . . . . 

Serge 

” 

Wool 

Merinos 

Batavia or double 

Fine wool .. .. 


twilL 




Sizzle or one side 
twilL Serge. 






Drap d'^te . . . . 
Moa8seliQea-d&*laine 

Taffeta . . . . 



Monlletous .. 

Satin . . . . 

Wool 

SUk or wool .. 

English wool 




Gauze or open 
taffeta. 

Cotton .. .. 



II 



SUkgr^ .. 

Silk grege, organ* 


Grenadine • < . • 


English combing 



ziue, or cotton. 
Cotton 

WOOL 

lianos 


Mohair, or mLsed 



with bilk. 

Toile de Saxe . . . . 

Taffeta . . . . 

Cotton, single or 
twofold. 

English wool 





” 

and twisted. 


Jupons 

H . . • » 

Single cotton . . 

Carded wool.. .. 

V<^e » *• 

„ .... 

Wool 

.. 

Valencias . • . » 

„ .... 

Silkscbappe 

Combed wool 

Dmnask 

Figured or fancy 

Wool or silk , . 

Wool 

Bolivar 

T^eta, . . . . 

Wool 



The following are 
diiefly Engli^ — 
Delaines 

Taffeta .. .. 

Cotton . • . . . . 

Medium wool 





Kcps 

Double threaded 


»» . . 

taffeta. 



Cashmeres or Goburgs 

Twilled .. .. 

n •* * * • • 

Merino wool 

Alpaca, formerly 

Taffeta . . . . 



Long lustre wool 

Orleans. 

BriiUantine . . . . 

r. .. .. 



Fine mohair 

Lustres 

Fi^ired fancy 


Lustre wool 

Fanqyalpaca .. .. 




weave. 









w ♦ • • • • • 

Long combing wool 

Debaige 

„ .. .. 


"Weft made from 
black and white 




wool mixed. 


Bemarks. 


Made of long combing wool, and wide 
for furniture. 

Woven in checks and Scotch plaids, 
the warp having a sei^ armure of 
2 and l,and the wefta serge armure 
of 1 and 2. 

Made of 8-50 picks per centtm.; for* 
merly very popular, but latterly 
quite gone out of favour. 

Made like the above in quality. A 
fabric yet in considerable fovour. 

The warp double. 


Poplins are either silk and woo], all 
wool, sUk achappe and wool, cotton 
and wool, or fancy printed. The 
poplin or corded effect is product 
by the thickness of the weft threads. 

Generally a printed fabric. 

Differs from bar^e only in tbe mate* 
rials. 

Tbe weft is much twisted and gased ; 
a kind of close barege. 

The warp composed of 3 tiireads, 
white ; while the weft is violet, blue, 
or black, which give reflections to 
the stuff. 

Peculiar finish. 

Has a peculiar elasticity, due to the 
hard spun warp. 

For rfligieuses. 

Furniture uses. 

A light flannel made in grey, or in all 
varieties of colours. 


Printed. 

An open weave. 

Print^ ^ 

Made in imitation of Ca^erea 
d’Ecosse, all wool. 

Weft originally of alpaca. 

Usually black; the warps dyed before 
weavii^. 

An alpaca of lower grade. 


A corded ground with a figure 
Corded effect produced by thick weft. 


This list, were it required, could be greatly extended, but the examples given will suffice. 
Huriug the past few years, worsted fabrics have been quite out of vogue as dress materi^s, the 
demands of fashion requiring softer fabrics than can be produced from the long English wools. 

, 'The worsted industry has therefore suffered from considerable depression, and this has seriously 
depreciated the price of English wools. The trade is now in a transition state, a considerable 
number of the largest capitalists therein being engaged in altering their machinery to mann&ctpre 
fine short wools cqnsnmed in the production of soft all-wool goods, ^ 
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Besidgs Kidderminster, Brussels, and tapestry carpets, sufficiently described already, there are 
several oljier varieties which call for brief notice. Persia may be regarded as the birthplace of the 
carpet manufacture, and its productions have formed models for the imitation of all countries. 
Persian carpets or ru^ are chiefly made in Kurdistan, Khorassan, Feraghan, and Kerman, each 
district producing a distinctive style and texture. The finest are those of Kurdistan. In these 
carpets, the most perfect taste is generally manifested, the pattern never representing flowers, 
bouquets, or other objects, thrown up in relief from a uniform ground, as in European and American 
styles, but wrought so as more to represent a layer of flowers strewn under the feet of the observer. 
They are furnished with borders always well accentuated and of brighter colours than the centre. 
Feraghan carpets are not unlike those of Knrdistan, but are less close and of simpler pattern. They 
are cheaper, and consequently in more general use. Khorassan carpets are superior in texture to 
the last, and usually more realistic in patterns. The carpets of Kerman are still more realistic in 
style than those of Khorassan, and in value approach those of Kurdistan. In form, Persian carpets 
are usually rather long and narrow, which renders their manufacture easier, and suits the shape of 
the rooms in which they are to be laid. Of all carpets, these are perhaps the most purely hand- 
fabricated, all being made without even the simplest machinery, the loom merely consisting of a 
frame on which the work is stretched. The woof consists of short threads interlaced with those of 
the warp by the fingers alone, and when a cross thread has been completed, a comb is inserted into 
the warp threads by which the weft is pressed or driven home. The pile is formed by merely 
clipping the protruding threads until an even surface is obtained. The weaver sits with the reverse 
side towards him, and depends upon his memory for the formation of the pattern. Persian carpets 
are admittedly superior to all other oriental products of the same class, being distinguished by their 
subdued tones and harmony of colours. Certain forms are repeated in all designs, which clearly 
mark their national character. 

Turkish or Smyrna carpets, now extensively imported into the west of Europe, are in the best 
specimens generally designed with a flat border, or in other words without perspective, of flowers 
of the natural size, and with a centre of larger plant forms conventionalized, often to such an extent 
as to obscure the forms. The colours are negative shades of a medium or half tint, tending rather 
to dark, and possessing little of contrast, the result being a sombre effect. Many of those 
exported to Europe and America are of a degraded kind, being manufactured to meet the foreign 
demand. 

Indian carpets are made in large single pieces adapted for covering broad floors. They usually 
possess a great variety of colour, but so evenly distributed, and each artistically balanced by its 
complementary and harmonizing hue, that the effect produced is exceedingly agreeable. The 
forms generally consist of highly conventionalized flowers and plants geometrically arranged. 

The above classes fairly represent the productions of this description of article that have been the 
outcome of Asiatic phases of civilization, and afford a considerable contrast to those which may be 
deemed characteristic of the West. 

The carpet industry in this country is widely distributed. Its chief seat, however, is the town 
and district of Kidderminster, which has numerous and extensive manufactories where tapestry, 
Brussels, Wiltons, Axminsters and other carpets and rugs are produced. Isolated establishments 
also exist in several of the southern counties, such as at Crayford in Kent, and Crewkeme in Dorset. 
In Lancashire, Eochdale is the chief if not the only place making carpets. In Yorkshire, it is an 
extensive industry, Heckmondwike, Halifax, Leeds and other places sending large supplies into 
the market. In the city of Durham, there is a considerable manufactory. In Scotland, the trade 
has b*en largely developed, Glasgow being a chief centre. Paisley, Glenpatric, Lasswade, Stirling, 
Kilmarnock, Perth, Forfar and Aberdeen all possess establishments engaged in this manufacture. 
Aberdeen is distinguished for its “ Scotch ” carpets of great excellence. Dundee has obtained a 
reputation for jute fabrics employed for the same purpose. In the various prisons of the country, 
mattings for floor coverings made from coco-nut fibre (see p. 939) are extensively manufactured, 
which serve the purpose of carpets in many humble households. 

Statistics . — According to the Parliamentary return relating to the textile industries, and which 
has been quoted in previous articles, it will be found that in one form or another there are a large 
number of establishments engaged in the manufacture of wool. These are widely scattered over 
the different parts of the Kingdom, though of course chiefly collected in several great centres in 
England and Scotland. These mills differ considerably in magnitude : thus of the 420 woollen 
spinning mUls in England and Wales exactly half are located in the Principahty, which, for 
statistical purposes relating to these matters, also includes Monmouth. Against these, Yorkshire 
has 156, the remainder being scattered over the other parts of the Kingdom. But whilst Yorkshire 
employs in this department 7206 persons in its 156 mills, Wales in 210 mills only finds employment 
for 893 pei%ons. It will properly be inferred from this fact that many of these only spin the local 
production of wool, and satisfy a very circumscribed demand for the product in their respective 
districts. The yarn from this source is chiefly woven on domestic looms, or consumed in knitting 
hosiery goods. * ’ 
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The foltewing tahles condensed from the report sufficiently exhibit the diTisions and d^tribntion 


of the trade throughout the Kingdom : — 


WOOIXEK Paotobebs. 

No. Of 
Factories. 

No. of 
Spinning 
Spindles. 

No. Of 
Doubling 
Spindles. 

No. of 

No. of Persons Employed. 

Iftjwer ■ 
Looms. 

Males. 

Females. 

Total. 

England and Wales — 

Factories employed in spinning.. 

„ „ weaving .. 

„ spinning 1 

and weaving .. .. } 

„ not included in above 

420 

786 

141 

501,952 

8,236,429 

38,822 

812,377 

2,917 

47,332 

6,422 

1,715 

41,728 

3,298 

4,316 

2,188 

48,239 

1,796 

10.738 

3,903 

89,967 

5,094 

Total 

1,412 

8,738,381 

851,199 1 

50,249 

53,163 

56,539 

109,702 

Scotland — 

Paotoriea employed in spinning . . 

„ „ weaving .. 

„ „ spinning 1 

and weaving .. .. ) 

„ not included in above 

^ Total 

85 

31 

lie 

14 

238,480 

320,541 

15,612 

46,401 

2,098 

4,186 

1,802 

920 

7,091 

270 

1,233 

2.415 

8,705 

231 

3,035 

3,333 

15,796 

501 

246 


62,013 

6,284 

10,083 

12,584 

22,667 

Ireland — 

Factories employed in spinning.. 

„ „ spinning 1 

and weaving .. .. i 

„ ^ not included in above 

Total 

Grand total of woollen factories . . 

Shoddy Factobis3. 

England and Wales — 

Factories employed in spinning .. 

.. weaving .. 

„ spinning 1 

and weaving .. .. ) 

„ not included in above 

Total 

Scotland — 

Factories not spinning or weaving 
Ireland — (nil). 

Grand total of shoddy factories .. 

"WoBSTED FaCTOBIBS. 
England and Wales — 

Factories employed in spinning . 
„ « weaving .. 

„ ,, spinning 

and weaving .. .. j 

„ not included in above 

Total 

Scotland — , . 

Factories employed in spinning ,. 

„ weaving .. 

„ „ spmning 

and weaving 

„ not included in above 

Total 

Ireland — ■ . . 

Factories employed m spinning .. 
„ neither weaving nor 

spinning 

Total 

42 

25 

7 

10,359 

29,846 

732 

4,210 

B 

250 

697 

87 

131 

775 

35 

381 

1,472 

122 

74 

40,205 

4,942 

411 

1,034 

941 

1,975 

1,732 

3,337,607' 

318,154 

56,944 

64,280 

70,064 

134,344 

n 

4 

37 

82 

11,859 

71,843 

3,906 

5,376 

1,911 

189 

105 

988 

876 

128 

165 

1,108 

1,504 

317 

270 

2,096 

2,380 

134 

83,702 

9.282 


2,158 


5,063 

3 

•• 

•• 


5 

11 

16 

137 

83,702 

9,282 

2,110 

2,163 

2,916 

5,079 

214 

257 

126 

89 

1,114.774 

934,600 

292,613 

141,992 

39,6k 

37,127 

13,516 

10,305 

22,179 

822 

22,320 

16,768 

30,631 

1,325 

35,836 

27,073 

«2,816 

2,147 

636 

2,049,374 

434.605 

76,149 

46,822 

71,044 

117,866 

11 

41 

1 

2 

40,246 

6,912 

18,695 

2,680 

10,714 

530 

404 

2,140 

170 

165 

1,562 

7,896 

617 

58 

1,966 

10,036 

787 
.. 223 

55 

47,158 

iH 

m 

2.87S 



1 

1 

288 

134 


S 

1C 

11 

24 

« 

‘ 13 

34 

2' 

288 

134 


15 

35 

47 

Grand total of vforsted factories - 

693 

2,096.820 

456,1ft 

87,393 

49,71' 

581,212 

130,925 


« 
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SuMMABT of tlie Textile Indesteies of.the Uotted Kinodom in which Wool is the chief 

material employed. 


Location. 

Ko. of 
Factories. 

No. of 
Spiuning 

No. Of 
Doubling 

No. of 
Power 

Total Number of Persons 
Employed. 

Spindles. 

Spindles. 

Looms. 

Males. 

Females. 

Total. 

England and Wales — 

Woollen Factories .. 

1,412 

2,738,381 

251,199 

50,249 

53,163 

56,539 

109,702 

Shoddy „ 

134 

83,702 

9,282 

2,110 

2,158 

2,905 

5,063 

Worsts „ 

636 

2,049,374 

434,605 

76,149 

46,822 

71,044 

117,866 


2,282 

4,871,457 

695,086 

128,508 

102,143 

130,488 

232,631 

Scotland — 

Woollen Factories . . 

246 

559,021 

62,013 

6,284 

10,083! 

12,584 

22,067 

Shoddy „ 

3 


5 

11 

16 

Worsted „ 

55 

47,158 

21,375 

11,244 

2,879 

10,133 

13,012 


304 

606,179 

83,388 

17,528 

12,967 

22,728 

35,095 

Ireland—^ 


1 






Woollen Factories . . 

74. 

■n 

4,942 

411 

1,034 

941 

1,975 

Shoddy „ 

Nil. 


,, 

Worsted „ 

2 

288 

134 

•• 

12 

35 

47 


76 

40,493 

5,076 

411 

1,046 

976 

2,022 

Grand total 

2,662 

5,518,129 

783,550 

146,448 

116,156 

154,192 

269,748 


As the return, the figures of which are embodied in the above tables, was made to an address of 
the House of Commons of the 16th May, 1878, it follows that the information given therein was 
collected between that date and that when the report was presented to the Honse, namely 31st July 
of the year following. This it is well known was the severest period of the recent depression in 
commerce and industry from which thp country is now happily emerging, and which consequently 
affected the returns to a corresponding extent. Also, as remarked in the return, some few 
manufacturers failed to supply the information required, though these were not many. Owing to 
improvement in trade and mill extensions since that date it will be a moderate estimate to say that 
the above figures will require an addition of fully 10 per cent, in every department to make them 
fairly represent the present (1882) productive capacity of the industry. The fact also should not 
he omitted to be made mention of that the return is only of establishments authorized to be inspected 
under the Factories and Workshops Acts, which take no cognizance of places where men only are 
euqiloyed, though these are few ; nor of any portion of the domestic branches of these industries 
that yet survive in secluded localities. We have reason to believe that there is more of the latter 
than is suspected, but it is difficult to make an estimate. If, however, we permitted ourselves to 
do so, we should add about 2J per cent, to the figures relating to the number of persons employed 
on the latter account. These would be found chiefly in Wales and Scotland. 

Commerce . — Of wool and hair the chief raw materials consumed in the industries noticed in this 
artiHe, in addition to the home product, the country requires a large supply from extraneous 
sources. The principal of these are Australia, New Zealand, the Cape of Good Hope, S. America, 
Russia, and smaller amounts from many other places. The Annual Abstract of the Board of 
Trade Ketnms for the year 1880 gives the following figures as those of our total imports of these 
articles for the under-mentioned years : — Of sheep and lambs’ wool our imports were 460,960,907 lb., 
value 26,194,310?., to which must be added for other kinds and flocks 2,135,772 lb., value 115,3521. 
Of goats’ hair or wool, 13,566,019 lb., value 1,233,8551. ; alpaca, vicuna, and llama, 2,548,056 lb., 
vajpe 181,0971.; horse-hair, 27,471 cwt., value 181,2151.; cow, ox, bull, or elk, 85,122 cwt., value 
103,4821. ; unenumerated varieties, value 227,0291. ; and woollen rags 41,266 tons, value 820,3661., or 
a tdtsl value of 29,062,7061. Against these must be set exports of native grown and imported : — 
Sheep and lambs’ wool (British), 17,197,300 lb., value 1,187,1131. ; other sorts, including flocks and 
* rag wool, 12,967,900 lb., value 546,6711., or a total per contra of 1,733,7841. 

CJJ manufactured and semi-manufactured articles from these industries we exported during 
1880 : — Of woollen (carded) yam, 851,800 lb., value 106,9221. ; of worsted (combed) yarn, the amount 
was much greater, 25,612,500 lb., value 3,237,8181. Of woollen manufactures: — broad-cloths, 
coatings, ’duffels, &c., plain, all wool, 10,406,400 yd., 11,430,400 lb., value 2,382,4921.; same 
articles of wool mixed with other materials, 26,509,100 yd., 28,988,300 lb., value 3,077,2711. ; narrow 
claths as in first item, all wool, 4,430,900 yd., 2,840,600 lb., value 537,9331. ; same descriptions in 
. mixtures, 8,653,800 yd., 5,775,1^0 lb., value 738,9651. Worsted stuffs, all wiol, 17,192,900 yd.. 
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7,083,200 lb., value 1,028,631/. ; worsted stnfia, of wool mixed with other materials, 172,747,800 yd., 

42.452.300 lb., value 6,212,525/. Blankets and blanketing, 6,388,700 yd., 7,453,000 lb., value 
586,580/.; flannels, 6,697,800 yd., 2,400,300 lb., value 310,508/. Carpets, not being rugs, 

9.328.300 yd., 14,593,900 lb., value 1,133,545/.; rugs, coverlets, or wrappers. No. 1,168,840, value 
360,526/. The subsidiary branches yield the following : — Shawls, No. 736,892, value 157,803/. ; 
hosiery, 320,026/. ; small wares and manufactures of wool and worsted unennmerated, 418,312/. ; 
yam, alpaca, mohair, and other sorts unennmerated, 877,953. The total of these amounts is the 
grand sum of 21,487,810/. representing the value of our manufactured and semi-manufactured 
goods of which wool forms the principal ingredient. 

The following figures afford a comparison of our imports of raw materials for several years past : — 


Tmporta of Wool, for 

18?6. 

1877. 

1878. 

1879. 

1880. 

1881. 

Sheep and lambs’ 

Alpaca, vicuna, and llama 
Goats’ hair or wool . 

Horsehair 

Cow, ox, bull, or elk. . .. 

£ 

23,244,554 

393,255 

729,535 

202,472 

175,023 

£ 

24,203,137 

364,175 

983,.S66 

157,600 

263,418 

£ 

22,786,563 

341,671 

752,909 

131,356 

62,870 

£ 

23,282,753 

281,311 

743,615 

114,964 

55,199 

£ 

26,194,310 

181,097 

1,233,855 

181,215 

103,482 

£ 

25,825,821 

168,679 

748,083 

Total . . 

24,744,839 

25,971,696 

24.075,369 

24,477,842 

1 

27,743,95926,742,583 


These figures, however, only imperfectly represent our supply imported to supplement our 
domestic production. There requires to be added the amount accruing from the importation of 
live animals for slaughter, dead or skin wools and hair, and the vast quantity of rags needed to 
swell the total required for the production of shoddy. 

Bibliography. — J. Smith, ‘ Chronieum Busticnm Commerciale : or Memoirs of Wool ’ (London : 
1747); ' Wool and Woollen Trade of Great Britain ’ (London: 1800) ; B. Bakewell, ‘ Observations 
on Wool’ (Ix)ndon : 1808); J. Bischoff, ‘History of the Woollen and Worsted Manufactures’ 
(London : 1842) ; J. Yates, ‘ Textrinum Antiquornm ’ (London : 1843) ; T. Southey, ‘ Colonial 
Sheep and Wools’ (London: 1852); J. James, ‘History of the Worsted Manufacture in Bngland ’ 
(London: 1857); M. Alcan, ‘Traitd du Travail de laLaine Cardfe’ (Paris: 1867); H. Carcenac, 
‘ Des Textiles Vdg^taux et des Laines ’ (Paris : 1869); C. Leroux, ‘ Manufacture of Worsted and 
Carded Yams ’ (Philadelphia : 1869) ; W. Smith, ‘ History of Morley, Yorkshire ’ (London : 1876) ; 
W. Youatt, ‘ Sheep ’ (2nd ed., London : 1878) ; Lorin Blodget, ‘ Textile Industries of Philadelphia ’ 
(Philadelphia: 1880); ‘Textile Manufacturer ’ (Manchester : 1875- ); ‘Manufacturers’ Beview 
and Industrial Becord ’ (New York). 

(See Hair ; Wool.) 
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JxBACA (fibre), 98a-5. 
Abelm<»chus esculentns (fibre), 961. 
Abel*8 picric powder, 41, 902. 


■ X . .M ;• I l.„; ■ III. 

ber) 2014. - 

Larix (tannin), 1993. 

8pp. (oil). 1431, (resin) 1624, 

1686, (timber)#02l. 

Abilia oil, 1414. 

Abilo (resin), 1649. 

Abobora-oil, 1395. 

Abroma augusta (fibre), 911. 
Absinth, 217-9. 

Absorption of plant-odonrs, 1456. 

!i’ «!• 

A . a r .1* 'n'« i, ■ ■ .i, 

.M i.li 01' -| |i I ! r , ’.I'l 

«. . i:.6' 


— .. I'l hii-wi, t|. I ...||„ I . 7,.i. 

I ' '.ii 1 

8pp. (ream) 1621, 1630-3, 1668, 

(tanuUi) 1982-3, 1986-7, 1993. 
AcacieDgnmmi, 1630-3. 

Aca^o. gomme, 1638. 

Acams on sugar-cane, 1869. 
Accipenser Sturio (oil), 1376. 

Aceite de Maria (copal), 1693. 

— palo (copaiba), 1640. 

Acer pseudo-platanns (timber). 202 1 , 

— saccharinum (sugar), 1902-3, 
(timber), 2017, 

Acetaniline, 658. 

Acetates, 23-39. 

acetic acid from, 21-5. 

alumina, 28-9, 1295. 

— ammonia, 29-30. 

characters, 28. 

copper, 30-1, 1297. 

iron, 31-2, 1299-1300. 

lead, 32-4, 1300. 

for defecating cane-jnice, 1888. 

lime, 34-6, * 

mangan^, 36-7. 

— mercury, 37. 

— potassium, 37. 

sodium, 37-8. 

tin, 39. • 

zinc, 39. 

Acetic acid, 5-39. 

^m alcohol, 6-7. ' 

— brandy vinegar, 23. 

— distillation of vinegar, 

25-6. 

— ' dye- and tan-wood 

remdpes and sawdust, 15-19. 

— metallic acetates, 

21-5. 


— - — — — pap^^nlp, 19. 

— — • waste products, 26. 

wood, ^-15. 

— gi»!ial, 21. '• 

history, 6. 

— — — — manuilicture, 6-26. 

— properties, 6. 

— purification, 19, 23. 

— — specific gravity, 5. 

strength, 26-7. 

testing, 26-8. 

— > ether, 39. ^ 

Acetification, vinegar, 2040. 
Aceto-aisenite copper, 31. 
Aceto-chloride calcium, aceUc acid 
from, 24-5. • 


Aceto-nitrate of chrome, 1296-7. 
Acetone, 39. 

Acetous fermentation, 6-7, 195. 
Acetyl-phenyl-amine, 658. 

Aceyta americana (resin), 1624. 
Achete, 1659, 1660. 

Achillea spp. (oil), 1422, 1424. 
Acbras Balata, 1635-6, 1639. 

Acid, acetic, 5-39. 

arsenic, 663. 

arsenious, 39-40. 

carbazolic, 40-1. 680. 

carbolic, 41-5, €71-84. 

carbonic, 45-8. 

carthamic, 865-6. 

chlorhydric, 101-47. 

chlor-oxy-naphthalic, 682. 

— — chromic, 48. 

citric, 48-50. 

cresylic, 42. 

gallic, 50. 

hydrochloric, 101-47. 

hydrofluoric, 147-8. 

nitric, 148-60. 

oxdUc, 160-74. 

phenic, 41-5, 671-84. 

— pbthalic, 660, 682. 

picramic, 680. 

— — picric, 40-1, 680. 

processes for purifying oils and 

fats, 14S9-60. 

— pyrogalllc, 51, 

pyroligneous, 7-28. 

— — (quantity of sulpburic)required 
for Afferent raw phosphates, 1270. 

rosoUc, 680. 

salicylic, 681, 

sulpho-carbolic, 681. 

sulpho-carbonic, 601-8. 

sulphuric, 51-101. 

tartaric, 174-90. 

the term, 1. 

Acidimetry, 1, 2, 3, 4, 5, 26, 27, 102, 
103, 130, 131, 145, 148, 149. 
Acidproof lute, 628. 

Acids, fatty, table o^ 1765. 

Aconite, 791. 

Aconitine, 230. 

Aconitum heterophyllum (drug), 
793. 

Napellus ^alkaloid), 230. 

spp. (drug\ 791, 

Acom*oil, 1415. 

Acorus Calamus, 190, 1431. 

Acouchi balsam, 1 649. 


^ « 

Action of soap, 1792-4. 

Actual densities of oil^ tables of, 
1649-70. 

density test for butter, 1465. 

Acnhiba wax, 1379, 2046. 

Adam’s apparatus (alcohol), 198. 

bone-boUer, 1449-50. 

drying-machine (bleaching). 

494. 

Adansonia digitata (fibre), 912, 
(resin) 1621. 

Addi, 1675. 

Adenanthera pavonina (oil), 1414, 
(resin) 1693. 

Admont vitriol, 1297. 

Adoxa MoscbateUina (musk), 1525. 

Adrf^ante, 1685. 

Adul oil, 1397. 

ACgle Marmelos (drug), 793, (resin) 
1693. 


^nocarpus spp. (oil), 1386. 

Aerated waters, artificial, 365-77. 

natural, 363-5. 

[artificial) arrangement of 

factory, 375-6. 

bottles, 376. 

bottling - machines, 

371-6. 

corks, 376. 

gas-holder, 369-70. 

generalities, 376-7. 

manufacture, 368 -9. 

mixing • machine, 

370-1. 

plain, 366. 

purifier, 369. 

saccharine, 367-8. 

saline, 366-7. 

African ammoniacum, 1630. 

bdellium, 1636-7. 

copal, 1640-4. 

cubebs, 1814. 

elemi, 1649, 1677. 

(Wesi) frankincense, 1649-50. 

guanos, 1258-9. 

kino, 1668. 

rubbers, 1627-8, 1654-6. 

— • tragacanih, 1686. 

Agar, 1523-4, 1529, 1624. 

Agaricus mnscarius (narcotic), 
1324. 

olearius (oil), 1401. 

Agatbopbyllum aromaticum, 1812. 

■)3. 
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Agiia i^penume), 1523 - 4 . 

Aglala odorata (tea), 2010. 

Agtetein, 1628-30. 

Ailantus hpp. (gum), 1693. 
Air-injectors, 465. 

Ajowan (drug), 791. 

Ak (fibre), 934-8. 

Akaroid resin, 1693. 

Akyaw (perfume), 1523-4. 
Al^odon spp. (pearl), 1517. 

Alant, 810. 

Alaun, 325-32. 

Alaunerde, 332-3. 

Albahaca oil, 1416. 

Albizzia moluccana (coffee-shade), 
716. 

Albumen, 191-2, 1304, 2025. 
Albumenized sensitive paper, 1540. 
Alcanna spinosa (dye), 858. 

Alcohol, 192-214, 2026-7. 

distillation, 196-201. 

fermentation, 194-6. 

for sugar-refining, 1929-30. 

— from beet, 210-1. 

grain, 206-10. 

molars, 203-6. 

potatoes, 211-2. 

wine, 201-3. 

legi^lation, 21 4. 

manufacture, 201-12. 

oxidation (acetic acid), 25. 

properties, 192-4. 

rectification, 212-3. 

sources, 193. 

uses, 213-4. 

Alcoholic fermentation, 194-5. 

liquors, 217-29. 

absinth, 217-9. 

arrack, 219-20 

brandy, 220-2. 

gm, 222-3. 

^rschwasser, 224. 


Alcoholic liquors, liqueurs, 224-7. 

rack, 219-20. ^ 

— = rum, 228. 

whisky, 228-9. 

Alcoholometiy, 214-7. 

Aldehyde, 7, 229-30. 

blue, 6^. 

green, 668^. 

Alder (acetic acid), 14-5, (gunpow- 
der) 882-4, (timber) 2 >12. 
Aleppische gallen, 1983-4. 

Aleppo galls, 1983-4. 

turpentine, 1686. 

Alerce (fibre), 948, (timber) 2012. 
Alerse wood, 2012. 

Aletia argillacea (cotton- worm), 957. 
Aleurites cordata (oil), 1411-2. 

laccifenim (lac), 1668. 

spp. (nut), 1352. 

Alfa (fibre), 979-81, 

Algarobill^ 1982. 

A Igarroba (copal), 1666. 

Alhagi camelomm (drug), 818. 
Alhambra bouquet, 1530. 

Alizarine, 683-4. 

Alkali for soap-making, 1767-S. 
Alkalies, 230-318. 

— alkaline earths, 232. 

— alkaloids, 230-2. 

— ~ ammonia, 232-50. 

— lithia, 250, 

— ' organic, 230-2. 

— potash, 250-79. 

soda, 279-318. 

Alkalimetry, 238, 239, 251, 254, 262, 

277, 302, 306,318-9. 

Alkaline earths, 232. 

pink mordant, 1296. 

processes for purifying oils and 

&ts. 1460. 

Alkaloids, 230-2. 

of tobacco, 1348-9. 

Alkanet, 855. 

Alkanna tinctoria (dye), 855. 

Aik awarwhal (gum), 163X 

llah (gum), 1632. 

All^e still (alcohol), 202-3. 
Alligator (oil), 1365, (musk) 1525, 
(skin) 1757. 

Alligator-pear oil, 1415. 

Allinm sativnm (oil), 1421. 

spp. (oil), 1414. 

Alloys, 319-25. 

aluminium bronze, 320. 

bell-metal, 320-1. 

brass, 321-2. 

bronze, 322-3. 

German silver, 323. 

gun-metal, 323. 

Muntz’s metal, 323-4. 

pewter, 324. 

solders, 324. 

type-metal, 324-5. 

Allspice, 1814, (oil) 1416. 

Allumettes, 1277-93. 

Almond-oil, 1377, 1416. 

Almond [Java] oil, 1392. 

[jungle] oil, 1396. 

paste lute, 628-9. 

soap, 1789. 

wood, 2013. 

Almonds, 1022. 

Alnus glutinosa (tannin), 1993, 
(timber) 2012. 

sp. (guniwwder), 882-4. 

Al‘>e spp. (drug), 791-2, (dye) 855. 
(fibre) 917. 

Aloes (drug), 791, (dye) 855, (oil) 
1416, 2025. 
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Alosa Mffnl^en (c^), 1368. 

Alpaca 10^ (tallow) l^t5. 

A^fb^Gar^EBominn, 13^^. 

<dBd]]Anna O^X 1421. 

^>p., 1808. 

^)p. OlragX 810, (inilta- 
, robber) 1627, 1664. 

Alstroaoeria Ligta (etardiX 1823. 
AKa Tela ^o->pbat^ 1264. 

excelsa (storasX 1083. 
Alom, 325-32. 

aa a mordiant, 1295. 

^ ores, 327-8. 

pcoc^ of st^ar^TefiniD^ 330-1^ 

1927-8. 

hmA:, 326-7. 

white, 1550. 

Aloadna, 332-3. 

— acetates, 28-30. 

for detecating cane-jmce, 1837. 

mordants, 1295-6. 

sulphate, 325. 

Altiminate so^ 1296, 1787. 
Aluminium acetate, 1295. 

bronze, 320. 

^ih»ide (aqaeoiffl), 1296. 

^ nitrate, 1296. 

- peieolpbate, 1295. 

tiiiosulphite, 1296. 

Amalgams, 333-4. 

copper, 333. 

gi>liJ, 333-4. 

iron, 331. 

silyer, 334. 

-< — sodium, 334. 

tin, 334. 

^c,334. 

Amanita muscaiia (narcoticX 1321. 
Amaranth* spirit, 1302. 

Ambaree (fibre), 9$i. 

Amber, 1623-3U, 2024, (oil) 1416. 
Ambergris, 1524, (extract) 1528. 
Amboyna kino, 1667-8. 

Ambia, 1524. 

Ambre, 1623-30. 

gris, 1524. 

Ambrina ambrodoides (tea), 2011. 
American cedar oil, 1419. 

^oth] copaU 1666. 

— - doable-shover stocks (leatherX 

1220. 

(OT.S.) guanos, 1258. 

jote, 911. 

Keystone mill (leatberX 1227. 

^ — lac, 1673. 

— ; — liqoidambar, 1682-3. 

— ^ — marten for, 1031. 

nutmeg, 1812. 

notmeg-oil, 1377. 

[Centralj, pearl fiisberies, 1 520. 

polecat nir, 1033. 

red cherry (oil), 1382-3. 

savin (oil), 1419. 

turpentine, 1687-91. 

union bidc-splitter, 1233. 

Ainido-azo-beozol, 658. 

naphthalene, 650. 

. toluol, 659. 

Amidon, 1821-9. 

de ble, 1828-0. 

de riz, 1826-7. 

grille, 1645-7. 

Amlra (olibannm). 1676. 

Ammi copUcnm (drag}, 791. 
Ammonia, 232-50. 

acetate, 29-30. 

aqueous solution, 236. 

carbonates, 239-43. 

estimation, 247-60. 

.from bones, 243, 522. 

<■ combustion-gases, 233-4. 

gas-liquor, 235. 

peat, 243. 

tar, 235. 

ice-n^chine, 1137. 

isopnrpurate, 680. 

piorate, 680. 

pure solution, 238. 

salts from bone, 522. 

strengths, 238-9. 

— =- sulphate as manure, 1259. 

sulpboricinoleate, 1304-5. 

-s — volcanic, 243-4. 

Ammoniacal liquor, reduction of 
bnl^ 241. . 

Aaimoi^toum, 793, 1624-6-7-30. 


Ammoniakgummi, 1630. 

Ammonium and tin chloride, 1303. 

chloride. 244-6. 

phosphate |»x>oess fbr defecating 

be^juic^ 1849-51. 

sulphate, 237-8, 246-7. 

triphosphate from natural phos- 

phates, 1851. 

Ammoniuret of copper, 1297. 
Amtanum spp. (cardamom), 1804. 

Zingib^ 1421, ^spice) 

1809-10. ^ 

Amoora Bohituka (oilX 1414. 
Amorpha canescens (teaX 2011. 

fniticosa (dye), 858- 
Ampelodesmos tenax (drug), 811, 
(fibiv) 917. 

Amjgdalus communis (fruit), 1022. 

gums, 1639. 

spp. (resin), 1621. 

Amy Ion, 1830. 

Amyria elemifera (resinX 1625. 

spp. (resin), 1623, 1649. 


(re-in) 

1621, 1638. 

Anacyclus spp. (drc^). 819. 
Analysis, acetic acid, 26-8. 

ammonia, 247-50. 

animal charcoal, 1965-70. 

beet-juice, 195276. 

beetroot, 1955. 

r cane-juice, 1952-5. 

clays, table, 1559, 1583. 

glucose or starch-sugar, 1963-5. 

hydrochloric acid, 146-7. 

milk-sugar, 1970. 

— — nitric acid, 159-60. 

oils and fats, 1462-77. 

pottery wares, table, 1558. 

soap, 1792-9. 

— sugar, 1942-71. 

sugar-cane, 1955-6. 

tartaric acid. 184-9. 

Anamirta spp. (drug), 803. 

Aztanassa sativa (fibre), 917-3, 
(fruit) 1027. 

Anarrhicns lupus (oil), 1376. 

Anas molli»8ima (downX 905. 
Anchusa tmctoria (dye), 856. 

Anda Gomesii (oil), 1414. 

And.iquies wax 2043. 

Andiroba-oil, 1386. 

A ndromeda Leschenaultii (oil), 1432. 
Andrew’s tobacco machine, 1342-5. 
An tromachia Igniaria (bbre), 919. 




Angora hair, 1095-7. 

Angostura, 793, (oil) 1416. 
Angr^um fra^ans (perfume), 1523, 
(tea) 2010, 

Anguay do guaiani, 1678. 
Angoze-i-Lari (asafoetlda), 1635. 
Anhydrous nitric acid, 159. 

sulphuric acid. 96-101. 

Aniline, 655-7. 

blacks, 671. 

blue, 666. 

brown-*, 669. 

^eys, 671. 

isopnrpurate 680. 

red, 660-2. 

spirit, 1302-3. 

yellows, 670. 

Animal albumen, 191. 

black, 452-3. 

filters, 1922-3. 

charcoal, analysis, 1965-70. 

as manure, 1266. 

filtration of beet -juice 

through, 1851-4. 

fais, extraction of, 1447^1. 

matter, cyanogen from, 270-1. 

mordants, 1304. 

oils and &ts, 1361-1377. 

blackfish, 1361. 

bone, 1361. 

butter, 1361-2. 

butterine, 136'3-3. 

cod-liver, 1363-5. 


Animal mis and frts, crocodile, 1365. 

dugong, 1365. 

egg, 1365-6. 

herring, 1366. 

horse, 1366. 

houlican, 1366. 

lard, 1366-7. 

Malabar, 1367. 

manatee, 1367-8. 

menhaden, 1368. 

ini8cellaneous,1375-7. 

neat’s-foot., 1368. 

niin, 1368-9. 

porpoise, 1369. 

■ sardine, 1369-70. 

seal, 1370. 

shark, 1370-1. 

sod, 1371. 

spermaceti, 1371-2. 

tallow, 1372-3. 

tunny, 1373-4. 

walrus, 1374. 

whale, 1374-5. 

Animi, 1640-4, 1677. 

Anise, 334-5, 1802-3. 

[star] oil, 1417. 

Aniseed, 334-5, 1802-3. 

oil, 1414, 1416-7. 

Anisette, 226. 

Apjilli (timber), 2016. 

Argouan (resin), 1656. 

Aiinatto, 855. 

Annealing-ovens for glass, 1055-7. 
Annee, 810. 

Anodonta hercnlea (pearl), 1517. 
AiK^eissus Litifolia, 1647-8. 

Anona sqnamosa, 919. 1668. 

Anser spp. (oil), 1375. 
AnstrichfarTO, 1552-6. 

Auta (nut), 1357, (oil) 1376. 
Ant-greaae, 1375. 

Antbemis spp. (drag), 798-9, 819. 
AntbocercLi spp. (narcotic^ 1324. 
Anthomjia bet«, 1835. 

Anthon^s method (starch-sugar), 
1919-20. 

Anthrecene, 650-3. 

Antboxanthum odoratum (perfume), 
1528. 

Anthrapu^urine, 684. 
Anthraquinone, 653. 

Antiaris saccidora (fibre), 919. 
Antichlor, 314. 

Antimony, assay, 350. 

detection, 347-8. 

mordants, 1296. 

potassium tartrate, 1296. 

tartrate, 1296. 

terchloride, 1296. 

Antiseptics, 677. 

Antlbcptic soaps, 1789. 

Aouara oil, 1411. 

Ao-wu-su (spice), 1802-3. 

Apatite, 1261. 

Apetba Tibourbou (oil), 1414. 
Apfelwein, 414-21. 

Apbis cbinensis (galls), 1984. 
Apiculture, 1127-30. 

Apis spp. (boneyX 1128-30, (wax) 
2042-6. 


Apple (acetic acidX 14. 

Apricot-oil, 1409. 

Aptenopodites patagonica (oil). 1376. 
Apteropasta segmentata (drug), 796. 
Aquafortis, 148-60. 

Aqua regia, 335. 

Aquariums, lute for, 629. 

Aqueous solutions (ammonia), 236 

Aquilaria Agallocha (drag) 79i 
(perfume) 1523-4. ’ ’ 

spp. (resin), 1624. 

Arebio gum, 1621, 1630-3,2025. 
Arabinose, 1830. 

Arabisches gummi, 1630-3. 

Arachis hypogaea (nut), 1357-8. (oil) 
1391. ^ 

Araucaria spp. (resin), 1624, (timber) 
2019. 

Arbol a brea (resin), 1649. 

Arbutus uva-ur^i (drag), ^4. 
Arcanson, 1680-1. 


Ardiangel tar, 1683. 

Archaogelfca otBcinali^ 334, (oil) 
1416. ^ 

Architectural pottery, 1582-7. 
Arctium Lappa (oUX 1414. 
ArctostapbyLes ^p. (drugX 794. 
Areca, 793. 

Catechu (drug) 793, (Slare) 919, 

(fruinin) 1^3. 

nut, 1351. 

palm fibre, 919. 

spp. (oil), 1415. 

Arenga sacdbarifera (fibre)^ 919, 
(stardi) 1827, (sugn*) 1904. 
Argan-€^ 1377-8. 

Aigania SideroxyloD (oil)^ 1377-8. 
Argemooe mexicana (oil)C 14(^. 
Argols, 174, 279. 335, 1303. 
Aristolocbia Serpentaria oil, 14^ 

spp. (drag), 825. 

Arjun trees (waxX 2045. 

Armadillo 1757. ^ 

Arnica, 793. 

montana (dn^X ^3. (<hI) 1432. 

ArnottOk 855. 

Aromatic vinegar, 335-6. 

Arrac, 219-20. 

Airee fibre, 921. 

A rrowroot, 1822-3.|||l 
Arsenate sodium, 314. 

Arseniate soda, 1296. 

Arsenic, 336-40. 

add, 663. 

assay, 357-8. 

mordants, 1296. 

orpiment, 339-40. 

realgar, 340. 

remov^ from snlpburic add, 

90-2. 

white, 33^9. 

Arseniksaure, 39-40. 

Arsenious aci^ 39-40, 336. 

Arsenite, 40. 

Arsenolite, 40. 

Artantbe ^p. (drugX 818. 

Artemisia Absinthium (absinth), 
217-9. 

spp. (drag), 826-7, (oil) 1424, 

1431, 1432. 

Artichoke, 961. 

Artihdal gems, 1040-1. 

ostrich plumes. 903. 

waters, 366-77. 

Artocarpus incisa (nibberX 1665, 
1693. 

int^rifolia (as shade), 710-1, 

714. 1812, 1815, (resin) 1624, 1628, 
1668. 


spp. (fibreX 919, (timber) 2016. 

Aruba IsLmd pbtepha^ 1264. 

Arum spp. (starch), 1823. 
Arandinaila macrosperba (paper), 
1486. 

Arundo saccharifera (sngarX 1860, 

spp. (fibre), 919-20. 

Arvation process for drfgwtting cnne - 
juice, 1888. 

As.jf<BtIda, 793, 1624, 16M, 1633-5, 
(oil) 1417. 

Asagnea offic iCalis (drugX 798. 
Asaut, 1633-5. 

Asarara eoropesnm oil, 1432. 
Asbestos, 340-1. 

Asclepias pseutto^rsa (drugX 823. 

spp. (fibre), 920. 

tingens (dye), 858. 

Vincetoxicum (drug), 825. 

A&h, determination of, in 
1946-7. * ^ m 


Ash-tree (acetia acid), 14, (potast 
^5, (timber) 2012. • 

Asia Minor, opium in, 1309-11. 
Asian (East^ liquidambar, 1683. 
Asparagus sarmentosus (drug 
793. C V “6, 

A^peruIa odorata (perfume), 1528. 
Asphalt, 341-6, 2025. 

boiling^:345. 


casting, 345. 

extraction, 344-5. 

preparation, 345. 

sources, 341-4 


-0363,345-6. 

Aspidium Filix mas (oil), 1414. 
spp, (drag)r81i. 


f 


INDEX. 


As^^wrma QoAracJio ^annin), 

Assai-oil, 13T8. * 

Aasafscnmanenf^ 1802-17. 
Assam-rabber, 1628, 1656-7. 

SQgar-cane, 1860. 

Assaying, 346-60. 

assay of gnano, 358. 

gonpowder, 359-60. 

limestone, 360. 

nitrate of potash, 360, 

blowpipe, analysis, 346-7. 

detection o^etala, 347-9. 

valuation ^ ores and metali:, 

349-58. 

Assegai-^ood, 2012. 

As8*skins, 1757. 

A^teiia spp. (dbre), 920. 

Asteagalns spp. (drug), 818, Cresin) 
1621,1682, 1685. 

A^rakan facing (oil), 1366. 
Astrapoea cannabina (fibre), 948. 
Astrocarynm acanle (oil), 1414. 

spp. (fibre), 920. 

vulgare (oil), 1411. 

Atees, 793. 

Atherosperma moschata (drag), 823, 
(oil) 1431, (spice) 1812. 

Atlas silkworms, 1745. 

Atomic wei^ts, 361. 


Atropiue, 230-^1. 

Attalea (^hune (oil), 1414. 

excelsa (resin), 1655, 1663. 

fiinifeia(tibre), 920, (nut) 1357. 

Attar of roses, 1427-30. 

Aucbenia spp. (hair), 1098-4, (oil) 
1375. 

Ancklandia Costus (drag), 810. 
Anrigpigment, 339-40. 

Aurora ^ells, 1617, 1520. 

Australia cabba^-palm (fibre), 
946. 

gum. 1621, 1632-3. 

— Bno, 1668, 

— mallow (fibre), 963. 

rubber, 1664. 

pearl fisheries, 1518-9. 

tobacco, 1334. 

Autographic processes, 1608-10. 
Auziliaiy mills for sugar-cane, 1879. 
Ava (narcotic), 1303. 

Avens-oil, 1417. 

Avicula margaiitifera (pearl), 1517, 
1619. 

Axonge, 1366-7. 

Azadiracbte indica (resin), 1693. 
Azaola Le^i (guttaper^), 1652. 
Azul^ 680-1. 

Aznrine, 666. 


Bi 


3ABUL (re^), 1632, (tannin) 
.. 1993. 

Bacaba (ott), 1386. 

Baccfaaris sp. (drug), 797. 
Backbousia dtrtodora oi9l432. 
Bacon's multicolour press, 1605. 
Bacterium putredinis, 1816. 
Bactyrilubium ^stnla (drug), 798. 
Badger fur, 1030 ; grease, 1375. 

Baei, 793. 

Bagasse furnaces, 1876-7. 

Bag filters, 651, 1889. 
Babamas^>earls, 1520. 

Bahia piassava, 920. 

Balffioa spp. (whalebone). 521-5, 
(OU) 1361, 1372, 13743^. 

' Balsnopter^ ^p. (oil), 1374-5. 
Balam [various] (guttapercha). 1652. 
Balanites 8?gyptiaca (oU]f 1913. 

Balao balsam, 1652. 

Balata (gum), 1627pl635-6, 1639. 
Baldricin, 826. 

Baleen, 524-5. 

Baliospermum spp. (oil), 1087. 
Balling twine, 1703-4. 

Ballota nigra (oil), 1414. 

Ball soda (soda), 289-95. 

Balm of Gilead 1623, 1636, ffir) 
1686-7. 

Balm-oil, 1417. 

Balsam fir, 1686-7. • 

Balsamito, 1678. 


Balsamocarpon brevifollnm, 1982. 
Balsamodendron spp. (resins), 1623. 

1636-7, 1674-5. 

Balsam of Aconchi, 1649. 

vanilla, 1816. 

Balsams (various), 1640, 1677-8. 

detection o^ 1624-7. 

nature, Ac., 1621-7. 

Bamboo (fibre), 920-1, (paper) 
1485-6. V 

Bambouk-butter, 1410. 

Bambusa spp. (fibre), 920-1. 
Bananas, 1022-3. 

Banjawi (resin), 1637. 

Bank-oil, 1368. 

Baobab (fibre), 912. 

BaptLoa tinctoria (dye) , 858. 

Barbary gum, 1621, 1632. 

Barberry, 794. 

Barbotine, 826-7. 

Barbus Chola (oil). 1375. 

Barcelona nuts, 1358. 

B^entrauben, 794. 

Barilla, 280. 

Barium for defecating cane-joice 
1888. 

Bark disint^rators, 1227. 
Barkometer, 1229. 

Barlappsamen, 817. 

Barley-sugar, 1831. 

Barlow's kier (bleaching), 480. 

type writer, 1608. 

Barometer-tube, 1073. 

Barosma betulioa (camphor), 578. 

camphor, 578. 

spp. (drug). 795. 

Barras, 1684. 

Barwo^, 855, 867. 

— - spirit, 1303. 

Baryta, 232, 361. 

carbonate, 361. 

green, 1548. 

nitrate, 361. 

sulphate, 361. 

Barytsalipeter, 361. 

Baa du fleave, gomme du, 1631. 

Basil (Holy) bmquet, 1530. 

Basking shark (oil), 1370-1. 

Bass brooms. 554. 

Bassia butyracea (oil), 1408. 

latifolia (oil), 1394. 

longifolia (oil), 1392. 

- — Parkii (oil), 1410. 

spp. (oil), 1398, 1652, 1693. 

Bas-ora gum, 1686. 

Bastard aloe (fibre), 917. 

cardamom, 1804. 

cedar (fibre), 960, 

Batavian suga^-canes, I860. 

Hate for dressing-leather, 1232. 
Bat-grease, 1375. 

Bath-evaporators, 1898. 

Battery for hats, 1110, 

of pans for cane-juice, 1890-1. 

Batting pottery, 1578. 

Bauhmia Candida (oil), 1414. 

spp. (shade), 714, (fibre) 921 

(resin) 1693. 

Baume de Chio, 1687. 

Cypres, 1687. 

copahu, 1639-40. 

Gilead (faux), 1686-7. 

Perou, 1677-8. 

— • San Salvador, 1677-8. 

tolu, 1684-5. 

du Canada, 1686-7, 

Baum marten fur, 1031. 

Baumol, 1397-1406. 
BaumwoUensamenol, 1385-6. 

Bauxite, alum firom, 330. 

Bayberry-oil, I4l7. 

Bayee (bdellium), 1636. 

Bay laurel [Californian] (oil), 1422-3. 

oil, 1393, 1422. 

salt, 1714-9, 1732-3. 

Bdellium, 1623, 1624, 1626, 1636-7. 
Beale's cement, 626. 

Beaming jute, 1184-6. 

machines (leather), 1232. 

Bean-oil, 1378. 

Bear (fur), 1030, (grease) 1375. 
Bearberry, 794. 

Beating esparto (paper), 1489. 
Beaumontia grandiflora (fibre), 921. 
Beaver fur, 1030. 

Bedford coprolites, 12lb-l . 


Bedgery (narcotic), 1324. 
Bedlamer oil, 1370. 


2012-3. 

marten fiir, 1031. 

Beecher's splint filling and cutting 
machines (matches), 1288-92. 
Bee-cultive, 1127. 

hives, 1129. 

Beer, 377-414. 

barley, 378. 

— — boiling, 396-8. 

brewing, 379-411. 

cooling, 399-401. 

fermenting, 401-11. 

hops, 378-9. 

malting, 379, 

masbii^, 380-96. 

vatting and fining, 411-4. 

water, 377-8. 

Beet, 1831-2. 

alcohol from, 210-1. 

analysis, 1955. 

carrion beetle, 1835. 
cleansing, 1836-7. 
climate for, 1832-3. 

composition, 1832. 

cultivation, 1831-5. 
diseases, 1835. 

disliUdtioD (alcohol), 211. 

enemies, 18^. 
fly, 1835. 

harvesting, 1334. 

juice analysis, 1952-5. 

concentration, 1854-7. 

— defe ation, 1846-51. 

depulpers, 1839. 

extraction, 1837-46. 

by diffusion, 1842-6. 

fiitratloD through animal 

charcoal, 1851-4. 

— lime scums, 1848-9. 

— maceration processes, 

1839-42. 

— transport, 1836. 

maceration (alcohol), 210-1. 

— manures for, 1833. 

— molasses, 1858-60. 

carbonate potash from, 

257-9. 

chloride potash from, 266. 

elution process for, 1859- 

60. 

osmosis process for,1858-9. 

products irom, 1858. 

salts in, 1927. 

sulphate potash from, 278. 

— pulp presses, 1838-9. 

— purch^, 1835-6. 

— rasping, 1837-8. 

and pressing (alcohol), 

— slices (exhausted), for cattle- 
food, 1845-6. 

— slicing-machine, 1843. 

— soil for, 1833. 

— sowing, 1833-4. 

— Storing. 1834r-5. 

— sugar, 1831-60. 

ash, 1921. 

jdelfis, 1857-8. 

washing, 1837. 

B?etle*oil, 13T5. 

Beetling-machines (bleachingV 499- 
501. ^ 

Begass furnaces, 1876-7. 

Bein, 521-5. 

Beizen, 1293-1305. 

Belladonna, 230-1, 794. 

oil, 1414. 

Belleek porcelain, 1596. 

Bell-metal, 320-1. 

Beluga spp. (oil), 1369. 

Ben-nut oil, 1378-9. 

Bengal cardamom, 1804. 
kino, 1668. 
quince, 793. 

Benincasa cerifera (wax), 2046. 
Beqjamm, 1637-8. 

Bepjoin, 1637-8. 

Beane oil, 1388-90. 

Bent-grass (fibre), 994. 

Bcnziue, 1446, (spirit) 2026. 

( Benzoe, 1637-8. 
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Benzoin (resin), 1634, 1625, 1637-8. 

2026, (oil) 1417. 

Benzol, 647, 2026. 
i) Berberin, 855-6. 

•) I Berberis spp. (drag), 794. 

vulgaris (dye), 856. 

Bergamot, 1025-6, (camphor) 678. 
^(ot1^U1_7. ^ 

18. 

Berry's process (potassium ferro- 
cyanlde), 270-1. 

Bertholletia excelsa (nut), 1351-2. 
Bertramworzel, 819. 

Bessemer’s sugar-cane press, 1878-9. 
Beta spp. (sugar), 1831-2. 

Betel, 793. ^ 

leaf (narcotic), 1305. 

nut, 1351. 

palm fibre, 919. 

pepper (narcotic), 1305. 

Betula alba (oil), 1417-3, (resin ^ 
1624, (tar) 1684. ' 

Spp. (timber^ 2013. 

Beurre, 1361-2. 

de cacao. 1379. 

coco, 1383-4. 

cocum, 1395. 

mnscade, 1396-7. 

palme, 1406-8. 

Beverages. 362-450. 

aerat^ waters, 362-77. 

beer, 377-414. 

cider, 414-21. 

cocoa, 421-2. 

coffee, 422-3. 

ginger-beer, 423-4. 

lemonade, 4^4, 

Kprace-beer, 424-5. 

tea, 425. 

toddy, 425-6. 

water, 426-32. 

wine, 432-50. 

Bhang (narcotic), 1305-6. 

WWf* (starch), 1823, (timber) 2016. 
Bibliography, acidimetry, 5, 

— — alkalimetry, 319. 

chicory, 633. 

coal-tar products, 634. 

coffee, 722. 

coral, 1623. 

cotton manufactures, 790. 

dru^, 827. 

dyeing and calico-printing, 854. 

dye-stufife, 869. 

electro-metallurgy, 881-2. 

explosives, 903. 

feathers, 909. 

fibrous substances, 1000. 

food preservation, 1022. 

fruit, 1029. 
fur, 1033. 

gas, 1040. 

gems, 1043. 

glass, 1087. 

hair, 1099. 

honey and bees, 1130. 

hops, 1131. 

ice and freezing, 1142. 

indiarabber manofacturcs, 1164. 

ink, 1172. 

ivory, 1176. 

leather, 1239. 

linen manufactures, 1255. 

manure 1277. 

narcotics, 1361. 

nuts, 1360. 

oils, 1483-4. 4 

paper, 1509. 

pearl, 1523. 

perfumes, 1532. 

pottery, 1601. 

prin ting and engraving, 1620. 

resinous and gummy sub- 
stances, 1695. 

silk, 1747-8. 

soap, railway-grease, and 

glycerine, 1802. 

spices, 1817. 

sponge, 1821. 

siarcb, 1829. 

^uga^, 1976-7. 

tannin, 1994. 

— tea, 2011 . 

tiafeer, 2023, 

6 T 2 
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Hbliopapby, vinegar, 20*2. 

woollen mannfactnres, 2112. 

tin (moitiant). 1302. 
IMcdiromate potessiam, 260-7, (mor- 
dant) 1297. 

Kchrume (mcffdant), 1297. 
Bieohiba-wax, 1379, 2046. 
^.Biaienwachs, 2042-4. 

R^nmpfers frame (candles), 592. 
Bigarade, essence de. 1425. 

Bignonia tomentoea (oil) 1415. 
;^lsaifcTaQt, 812. 

Binary absorption ice machine, 1141. 
Bindings, 1762. 

Birdbi (acetic add), 14-5, (oil) 1417 
-8, (tar) 1684, (timber) 2013. 

Krcb’s scuteher and opener, 492. 

^ sewing-machine, 472. 

squeezer, 489. 

KrkenoU 1418. 

Birkentheer, 1418. 

Bimwein, 421. 

^tecnit-ovens (pottery), 1563. 

rubber, 1663. 

Bteh (drug), 791. 

Bismuth, assay, 350. 

detection, 348. 

mordants, 1296. 

Bison-hair, 1094. 

Bi^a-bdl (myrrh), 1674-5. 

Bisulphate potassium, 279. 

Bisulphite lime for defecating cane- 
julce, 1887-8. 

Bitartrate potash (mordant), 1303. 
Bitter-apple (drug), 808. 

wo^ (drug), 820. 

Bitume Uquide, 1433-47. 

Bitumen, 341-6. 

extraction from schists by car- 
bon bisulphide, 607. 

Bixa Orellana (dye), 855. 

Bizam (perfume), 1524-6. 

Biziura lobata (musk), 1525. 

Black ash (soda), 289-95. 

carbonating, 299-301. 

lixiviation, 295-9, 

— — boy resin, 1693, 2025. 

cohosh, 825. 

— ^mmar, 1644-5. 

filters; 1922-3. 

fish-oil, 1361. 

flux, 279. 

irons (mordant), 1298. 

kernel-oil, 1408. 

liqnor, 31-2, (mordant) 1299. 

. pepper, 1812-4. 

pitch, 1679. 

revivifying, 1923-6. 

roots, 794. 

snake-root, 825, 

Blacking, 450-2. 

Blacklead, 1087-93;^.^ 

Blacks, 452-6. 

animal, 452-3. 

bone, 453-4. 

Franirfbrt, 454-5. 

ivory, 455. 

lamp, 455-6. 

Bladder-nnt-oil, 1379. 

Blair’s kiln (sulphuric acid), 57. 
Blaize revivtfying kiln, 1854. 

Blanc de baleine, 1371-2. 
Bianchiment, 470-520. 

BList-fumace slag for glass, 1076. 
Bleach house for calico printing, 477. 
Bleaching, 470-520. 

— cotton, 471-508. 

esparto, 1488-9. 

^ generalities, 470-1. 

linen, 515-8. 

oils and fats, 1459-62. 

ostrich plumes, 908. 

powder, 456-70. 

— rham bpirs or boxes, 459, 

460-1. 

■ characters, 456-7. 

cost, 461. 

r- gas mains, 459. 

lime for, 459-60. 

manganese ores for, 458. 

manufacture, 457-70. 

regenerating the manga- 
nese, 461-8. 

replacing the manganese, 

463-70. ^ 

stUls, 457-8, 462, 466. 


Bleacbii^ powder, uses, 461. 

yield, 461. 

ra^, 1492. 

silk, 518-20. 

sta^, 1825. 

woollen, 508-15. 

Bleichen, 470-520. 

Bleichpulver, 456-70. 

Bleizucker, 32-4. 

Bleu de Mulhouse, 666. ^ 

de Paris, 666. 

Bloddng hats, 1114. 

Bloc^ rubber, 1145. 

Blood as manure, 1257. 

Bloomers (leather), 1230. 

Blowing engine, 4^. 

for (hats), 1107. 

l^kd-glass, 1069-70. 

sheet-gla^, 1066. 

Blow-pipe analysis, 346-7. 

Blubber, 13r4-5. 

Blue-irons (mordant), 1299. 

mottled soap, 1797-8. 

pigments, 1548. 

from coal-tar, 664-7. 

stone (mordant), 1297. 

vitriol (mordant), 1297. 

Blumea camphor, 577-8. 

Blungers (pottery), 1559. 

Bock’s process (candles), 583-4. 
Body-making of silk-hats, 1121-4 
Boe^l & Gill’s centrifugal, 1935. 
Bcehmeria spp. (fibre), 921-32. 

Boetius glass fu^ace, 1052. 

Bc^wood, 520. 

Bohemian glass, 1067. 

pearls, 1517. 

Boiled salts, 1732. 

Boiling esparto, 1486-7. 

in vacuo, 1856-7, 1893-8. 

oils, 1482, 2029-31. 

rags, 1491-2, 

straw, 1492. 

sugar solutions, 1854-7, 1890- 

1900, 1906-7, 1911-2. 
wood, 1493-4. 

Eluis amer, 820. 

d’oeuvre, 2012-23. 

de santal cllrin, 1527-8. 

gentil, 818-9. 

Boivin et Loiseau’s process (sugar 
refining), 1930-3. 

Bolax spp (resin), 1624. 

Boldo, 794. 

Boldoa fragrans (drug), 794. 

Boma (nut), 1351, (oil) 1379. 

Bombax Ceiba (fibre). 932. 

Goi-sypium (resin), 1685, 

malabaricum (for shade), 1815. 

spp. (fibre), 932, (oil) 1414, 

(resin) 1621. 

Bombay copal, 1641-2. 

mastic, 1673. 

Bonavist bean in sugar-cane culture, 
1869. 

Bonduc, 794. 

Bone ash, 524, (manure) 1266, (pot- 
tery) 1561. 

black, 453-4. 

analysis, 1965-70. 

commerce, 524. 

composition. 521. 

fat, 521, 1361. 

extraction, 1448-50. 

removal of lime from, 

1460. 

gelatine from, 522-4. 

mills, 1256-7. 

oil, 455, 1361, 1450, 1451. 

purification of ammonia salts 

from, 522. 

Bon^ 521-4. 

ammonia from, 243. 

as manure, 1256-7. 

uses, 521-2. 

values, 524. 

whalebone, 524-5. 

Bonnefin’s continuous preparalor, 
1898. 

Bugnr-cane rasper, 1879. 

Bonplandia trifoliata (drug), 793. 
Boonti (starch), 1823. 

Booth-Sawyer spindle (cotton manu- 
factures), 763-4. 

Boracic acid, 526, 533. . 

in Tuscany, 527. 


Boracic add, test for, 639. 

Boradte, 526, 535. 

Borassus flabelUformis (fibre), 932, 
(rean) 1693^ (starch) 1827, (sugar) 
1904. 

Borates, 526, 533, 

Borax, 526-41. 

boracic acid, 527-31. 

boracic minerals, 526-7. 

Californian, 535-8. 

commerce, 540-1. 

in potassic salt beds, 531-3. 

preparation of the imported 

articles, 539-40. 

South American, 538-9. 

test for boracic acid, 539. 

tincal in Asia, 533-5. 

: uses, 540. 

value, 540. 

Bordeaux turpentine, 1687-91. 

Borers of sugar-canes, 1869. 

Buridsheh plant (resin), 1650, 

Bormg oil-wells, 1441-3. 

Borneo camphor, 576-7. 

rubbers, 1657-8, 

Bomeslte, 1830. 

Boro-caicites, 526. 

Bosch, 1362-3. 

Bt^phorus bouquet, 1530. 

Bosweilia, spp. (resin), 1623, 1636, 
1676-7. 

Botany Bay kino, 1668. 

resin, 1693. 

Bothriocepbalns latns, 815. 

Botryopsis plalyphyUa (drug), 919. 
Bottle-corks, cement for, 623. 

— lute for, 629. 

glass, 1075-7. 

— — — - furnace, 1075. 

making, 1076. 

moulds, 1077. 

Bottles, stoneware, 1 573, 

* • .• ii l'"i 
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Bougies, 578-94. 

Bouillon noir, 31-2. 

Boulinikon, 1015. 

Boulogne coprolites, 1261. 

Bouquets, 1580-1. | 

Bourbon sugar-cane, 1860. 

Bout’s pan (cane-sugar), 1893. 
Bouscaren’s diffusion process (cane- 
sugar), 1880-1. 

Boutons, 557-71. 

Bower’s apparatus (acetic add), IS- 
IS. 

Bowl-spirit (mordant), 1302. 
Bowslring-hemp, 995. 

Box (timber), 2013. 

Box-eider (sugar), 1903. 

Boxing pines, 1687-9. 

Box organ (cotton manufacture), 
760. 

Braby's (P.) process concentrating 
gas liqnor, 241. 

Brai, 16y0-l. 

Braids, 1762. 

Brande’s alcoholometer, 217. 
Bran-drench for glove-kid, 1238. 
Brandy, 220-2. 

fictitious, 220-1. 

vinegar, acetic acid from, 23. 

Brass, 321-2. 

lumps, 1297. 

oil, 1407. 

plating, 881. 

Brassica spp. (oil), 1384-5, 1396, 
1424, (spice) 1810. 

Brauerpech, 1680. 

Brayera anthelmintica (drug), 815. 
Brazilian elemi, 1649. 

nutmeg, 1812. 

Brazil-nut, 1351-2, (oil) 1379-80. 

wood, 856. 

lake, 1549. 

Bread-nut, 1352, (oil) 1406. 
Breadthener (bleaching 493. 
Breaker-card for tow, 1251-2. 
Breaking - down machine (gun- 
powder), 890. 

machine for flax, 1246. 

over hides, 1224. 

Brechwurrcl, 812. 

Brevoordia Menhaden (oil), 1368. 
Brewing, 379-^*14. 


Brewing atgars, 1914-21, 1938-40. 
Brianebon wsuu, 1599. 

Briar (swfet) extract, 1528. 

Brick-clay, 635. 

Bricks, fixe, 1570. 

perforated, 1572-3. 

Brighton green, 1549. 

Brim-heater for bats, 1118-9. 
Brimstone kilns (^pburic add), 
52-3, 56-7. 

lute, 629. 

Brindonia tallow, 1395. 

Brine, composition, 1729. 

evaporating, 1 «Sir40. 

obtaining from rock-salt, 

4ft 

— - pans’ 1714, 1728-39. * 

springs, 1719-24. 

c^ride potassium from, 

265-6. 

Brinjes* kiln for reviv^ying char* 
coal, 1924-6. 

Bristles, 544, 1099. 

vegetable, 919. 

Bristol finishing (leather), 1231. 

ware, 1599. 

Britannia metal, 325. 

British gum, 1645-7. 

Btoadleaf, 2013. 

Broad-leaved ledum (nareotic), 1303. 
Broke-paper, treatment ot 1494. 
Bromelia Ananas (fibre), 917-9, 
(fruit) 1027. 

karatas (fibre), 985. 

spp. (fibre), 933. 

Bromine, 541-2. 

Bromo-, &c., caoutchouc wires, 1153. 
Bronze, 322-3. 

Broom (dye). 856, (fibre) 947. 

— com, 542-3. 

Spanish (fibre), 997. 

— tops (drugX 796. 

Brosmium utile (redn^ 1665. 
Broussonetia papynfera (fibre), 933. 
Brosse, 543-57. 

Brown Barbary gnm, 1632, 

— kernel oil, 1408. 

— Windsor soap, 1789-90. 

Browse Island guano, 1265. 

Brucine, 231. 

Bruges ribbon, 1529. 

Brunswick green, 1549. 

Brushes, 543-57. 

ba^ brooms, 554-6. 

commerce, 657. 

compound stock, 54S. 

iron wir^ 653-4. 

materials for, 543-4, 

round, 553. 

simple flat; 544-5. 

simple round, 544. 

steel, 553. 

with celluloid badcs, 566-T. 

Woodbury machine, 545-53. 

Brushing machine (filnes), 914. 

(hosiery), 1197-8. 

Bruyere’s cement, 626 
Bryonia calico (oil), 1414. 

Buchanan tfiid Vickess kiln for re- 
vivifying charcoal, 1924. 
Buchanania latifolia (oil), 1383, 
(resin) 1639. 

Buthdruckerkunst, 1601-20. 

Buchu, 795. 

Buckingham Palace bouquet, 1530. 
Buckthorn (acetic acid), 14, (drug) 
795. 0 

Buckwheat starch, 1823. 

Buffalo robes, 1094 (skins) 1757. 
Bugbane, 825. 

Building cement, 626. • 

Buka, 795. 

Bukowins phosphates, 1264. 

Hal (borax), 534. 

Bullet-tree (resit) 1635-6, 1639, 
(timber) 2013. 

Bull-hoof, 1307. 

Bundling^ax yam, 1254. » 

Bungo-tree and gum-resin, 1650. 
Bun-rf^j fibre, 921. 

Burbot-oil, 1364. 

Buruock-oil, 1414. 

Burgundy pilch, 1679-80. 

Burmese b^uer, 1692. 

Burners, briRstone, 62-3, 56-7; 

pyrites, 80-7. 
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Baming earthenware, 1580. 

points of oils, 1479-81. 

Boro elachi (cardamom), 1604. 
Borsera gnmmifera oil, I4g2. 

^p. (resin), 1623, 1649. 

Biirste, 453-57. 

Busserole, 794. 

Bnssora gam, 1686. 

Bntea frondo^ (oil), 1395. 

spp. (dye), 867, (fibre) 933, 

(kino) 1668. 

Butter, 1361-2. 

aWysis, 1464-6. 

artificial, 1362-3. 

preservu^lOie. 

Buttertne, 136^. 

analysis, 1464-6. 

BatteriPntK>ii, 1379. 

Butter^alt, 1732. 

Butter-trees (oil), 1382, 1408, 1410. 
Buttons, 557-71. 

coloariDg, 562-3. 

comiflerce, 571. 

composition, preses, 564-6. 

covered metal, 557-8. 

machine for, 567-9. 

glass, 559. 

lathe, 566. 

machinery, 560-9. 

metal, 557. 

mottling. 563. 

moulds, 560. 

pearl, 558-9. 

polishi^-macbines, 560-2. 

porcelain, 569. 

seat of the industry, 571. 

self-fastening, 569-71. 

shirt, 559. 

turned, 559-60. 

tuming-macbines, 563-4. 

Butts, shape of (leather), 1225-6. 
Butua, 819. 

B’.;*yro«permnTn 1410. 

?|ip. ;ii 1. 1 ), iii.k 

.-iMaui ii: il<v shade), 

720,. 

Cables, leas-r. 

Cabare4ba (resin), 1678. 

Cacao, 684-91 

butter. 1379. 

Cachalot, 1371-2. 

Cachou, 1982-3. 

jaune, 1984-5. 

Cactus Nopal (dye), 856-7. 

spp. (resin), 1621. 

Ca^ii (gum), 1621, 1638. 

Cadmium, assay, 351. 

dete^ion, 348. 

Csesalpinia Bonducella (drug), 794. 

Cacalaco (tannin), 1993. 

coriaria (tannin), 1983. 

Sapan (dye), 867. 

spp. (dye), 

CsO&nns intficQS for green-soiling 
sugar-cane, 1866, 1869. 

C^uput, 795, (oil) 1418. 

Cake alum, 1295. 

tobac^, 1342. 

Calaba«oii, 1379. ® 

Calabar-b^, 795. 

Calabash nutmeg, 1812. 

Calambak (coral), 1523-4. 

Calamus Draco (cane), 595-8, (resin) 
1648. 

spp. (cane), 595-8. 

CalciDed copperas, 1298. 

^IciuB aceto -chloride, acetic acid 
from, 24-5. 

chloride from ammonia process, 

241. • 

•nlilization (bleaching pow- 
der), 468. * 

Caldera bush (fibre), 986* 

. e. 1861. 

press (hosiery), 1197-8. 

rubber sheets, 114Sf 

Calendula spp. (dye), 867. 

Calf-kid Oeatber), 1237. 

skins, 1757. ^ 

Calico-printing, 827-8, 835-54. 

ani^e black. 853. 

application colours, 851-2. 


Calico-printing, dlscbaige style, 845. 

general consideratiozis,835, 

853-4. 

indigo effects, 842-5. 

machines, 836-40. 

madder colours, 840-2. 

manganese bronze style, 

862. 

padding style, 842. 

pigment style, 852-3. 

plate style, 842. 

reserve style, 842. 

spirit colour style, 851-2. 

steam colours, 846-51. 

thickenere, 836. 

Californian bay laurel (oil), 1422-3. 
nutmeg, 1812. 


spp. (resin), 1624, 1682. 

P,.” , . I.,-;* .. 'f . ■ . ! ■ ■>2. 

• Vi."!' M .» • * • 



— ^ spp (fibre), 93^. 

Calumba. 795. 

Calyptranthes caryophyliifolla (re- 
siu), 1693. 

Calysaccion longifoUum (perfume), 
1526. 

Cambridge coprolites, 1260. 
Camel-hair, 1094. 

Camelma sativa (fibre), 934, (oil) 
1390. 

Camellia Sasanqua (tea), 2010. 

spp. (oil), 1411. 

Cameraria latifoUa (resin), 1665- 
Cameras, 1534-5. 

stands, 1536. 

CamerooQS oil, 1407. 

Cammack& Walker's furnace (hydro- 
chloric acid), 147. 

Camphor, 571-8, 796, 1624. 

barosma, 578. 

beigamot, 578. 

blumea or ngai, 577-8. 

; Borneo or Malay, 676-7. 

Chinese, 573. 

cinaibene, 578, 

common, imitat'ons, 574-5, 

common or laurel, 572-6. 

cubebs, 578. 

definitions, 571-2. 

Formosan, 572-3. 

Japanese, 573-4. 

neroli, 578. 

— oils, 578. 

orris, 678. 

patchouli, 578. 

refining, 675-6, 

sassafr-as, 578. 

thyme, 878. 

tobacco. 578. 

Camphora officinarum, 571-6. 
Camwood, 856, 867. 

Canada balsam, 1624, 1686-7. 
Canadian apatite, 1261. 

turpentine, 1686-7. 

Cananga odorata (oil), 1422, 

Canari (for shade), 1811. 

Canarinm commune (oil), 1392, 
(resin) 1649, (shade) isli. 

spp. (resin), 1623, 1644-5. 

Canary Islands’ dragon’s-blood, 
1648. 

Candle-nut, 1352, (oil) 1392-3. 
Caudles, 578-95. 

coloured, 593-4. 

combustible materials, 579-90. 

dips, 591-2. 

double wicks, 593. 

fancy patterns, 593. 

history and characters, 578-9. 

illuminaiiug values, 594. 

manufacture, 591-4. 

moulds, 592-3. 

night-lights, 594-5. 

ozokerit, 589-90. 

palm-oils for, 583. 

paraffin for, 586-9. 

saponification, 579-82. 

self-fitting ends, 593. 


Gandies, spermaceti for, 589. 

tallow for, 579. 

trimming and polishing, 593. 

wax for, 586. 

wicks, 590-1. 

Cane, §95-8. 

for paper, 1486. 

gla^, 1072. 

juice analysis, 1952-5. 

compo4tion, 1871-3. 

defecating, by chemicals, 

1886 ^. 

by filtration, 1889-90. 

by galvanism, 1890. 

by heat, 1884-^. 

by lime sucrate pro- 
cess, 1930-2. 

defecation and clarification, 

1884-90, 1930-2. 

densities of, 1872. 

extraction, 1873-83. 

mineral matters in, 1872. 

organic matters in, 1872-3. 

tempering, 1886-7. 

mills, 1873-5. 

fuels for, 1876-7. 

furnaces for, 1876-7. 

slicing machines, 1880, 1881. 

sugar, 1830, 1860-1902. 

asb, 1921. 

bleaching, 1900-1. 

centrifugals, 1901. 

characters, 1942-3. 

claying, 1900. 

concentration, 1890-1900. 

curing, 1900-1. 

-determination, 1943-4. 

diffusion process, 1880-3. 

draining. 1900-1. 

drying, 1900-1. 

— factory, 1902. 

granulation, 1890-1900. 

— low, salts in, 1927. 

occurrence, 1942-3. 

— solutions, table of sp. gr. 

of, 1952-5. 

splrit-wasbing, 1900. 

vacuum-chest for curing, 

1901. 

— whitening, 1900-1. 

yields of, 1870-1. 

Cauella, 796. 

alba (oil), 1419. 

Oannelle de Ceylan, 1805-7, 

% 


Cannon-ball mill, 1092. 

Canthmides, 796-7. 

Cantharis spp. (drug), 796-7. 
Caouana divacea (oil), 1375. 
Caoutchouc, 1142-64, 1627-8, 1654- 
66 . 

Cap lute, 629. 

Cape gum, 1621, 1632. 

lancewood, 2012. 

mastic, 1674. 

Cupillair-syrup, 1920. 

Capillary filters (sugar), 1889-90. 
Capivi, 1639-40. 

Capsicum, 797, 1803. 

spp. (drugs), 797, (spice) 1803. 

Capra spp. (hair), 1095-8. 


175. 

Caramania gtim, 1686. 

Caramel, 598-9. 

Carana hedionda (resin), 1625. 

resin, 1624-5, 1649. 

Carapafett, 1386. 

Carapa spp. (oil), 1386, 1395-6, 
1432. 

Carap-oil, 1386. 

Caraque resin, 1649. 

Caraway-oils, 1418-9. 

Caraways, 1803. 

(^rbazotic acid, 40-1. 

Carboleum for motive power, 46. 
Carbolic acid, 41-5, 671-80. 

characters, 671-2. 

colourless crystallized, 

676. 


Carbolic acid, derivative^, 680-1. 

distillation, 673-5. 

early methods of manu- 
facture, 672-3. 

estimation in powders, 

676. 

impurities in, 676. 

in dead oils, estimation, 

676. 

poisoulng by, and anti^ 

dotes, 676-7. • 

powders, 675-6. 

present method of manu- 
facture, 673-6. 

purification, 675-6. 

soap, 1789. 

stills, 673. 

tests for, 677. 

tow, 676. 

uses, 677. ^ 

Carbolsaure, 41-5, 671-80. 

Carbon, 599-600. 

bisulphide, 601-8. 

as a motor, 607-8. 

charactere, 601. 

cost of manufacture, 608. 

for extraction of bitumen 

from schists, 607. 

— — — — seed-oils, 1454. 

for recovery of waste 

grease, 605-6, 1455-6. 

manufacture, 601*4. 

statistics, 608. 

uses, 604-8. 

oxides, 45-8. 

printing, 1540-1. 

tissue, sensitizing, 1541. 

Carbonates, 47-8- 

ammonia, 239-44. 

baryta, 361. 

potassium, 253. 

potash from felspar, 260. 

from wine lees, 259. 

sodium, 279. 

Carbonating black ash (soda), 299- 
301. 

CarbonatioQ process for defecating 
beet-juice, 1846-9. 

Carbonic acid, 45-8. 

and carbonate of llm^ 

table, 1969. 

and lime process for defe- 
cating beet-juice, 1846-9. 

tension, 46, 

testmg (sugar), 1847-8. 

washing (sugar), 1847-8. 

anhydride, liquefying, 46. 

Carbonized wool, 2058-9. 

Carboys (sulphuric acid), 101. 
Carcharias melanopterus (oil), 1367. 
Cardamom-oil, 1419. 

Cardamoms, 1803-4. 

Cardamomum majus, 1304. 

Cardiug cotton, 743-9 

engine for hatter’s wool, 1103. 

for tow, 1251-2. 

iute, 1178-9. 

wool, 2071-6. 

Cat dole, 1379. 

Cards for cotton, 744. 

(3arduu8 pycnocephalus (<h 1), 1414. 
Careya arborea (resin), 1693. 

Cdrissa spinarum (resin), 1668. 

Carius’ ammouiacal solutions table, 
•^39. 

Carlina gummifera (resin), 1624. 
Carlsbad water, 363-4. 

Carludovica palmata (fibre), 938. 
Carmaru-oil, 1379. 

Cannes, eau des, 1 532. 

Carminated lake, 1549. ^ 

Carmine, 1549-50. 

Camallite, 262-3. 

Camanba palm (fibre), 940, (wax) 
2044. 

Carolina phosphate, 1 263. 

Caroline touquet, 1530. 

Carony, 793. 

Carpathian balsam, 1687. 

Carpet, 2095-2106. 

designs, 2106 

looms, 2096-2105. 

pile-yarns, 2105. 

Worcester, 1 101. 

yam>, scouring and- -dyeing, 

2105-6. 
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Oapodinofi (lesiB), 1656w 
CaiTBi^e^ 814. 

Qamni wiiter» 367. 

Obit^s o»itiuuow ke-machine, 
1137. 

ralidniric add ice-machine, 
1140. 

Gart^^ia robber, 1650-61. 
Gartbaniic add, 866-6. 

OwrthamnB tinctorins (dye^ 865-6. 
cGartla^s hydnxneter, 215. 

Carom iLjowan (drug), 791. 

Cam (<h 1), 1418-9, Cspj«®) 

1803. 

nigrom (drug), 810. 

— — peoiosdtnnm, 1425. 

.Garvi, bnits de, 1803. 

Quya ^p. (nnt), 1358, (oil) 1391-2, 
(timb^) 2015-6. 

Cvyocar braslliense (oil), 1409. 

— ^p. (oil), 1379. 

Caryoi^yUns aromaticns (spi<^), 
1807-8. 

Caryota nreos (filn«), 938, (starch) 
3827, (sugar) 1904. 

Caeca, 823. 

Ciecaiote (tannin), 1993. 

Caacarilla, 797, (oil) 1419. 
Cf^e-hardened gia^ 1079. 

Caseine (cement), 626, (mordant) 
1304, (varnish) 2025. 
Cashearapple-oil, 1379. 

gnm, 1638. 

nnt, 1352. 

oil, 1379. 

Cashmere goat>hair, 1097. 

Cassava, 1828. 

Casse, 1804-5. 

Gasaa, 798, 1804-5. 

nuts, 1379. 

occtdentalis (coffee), 707. 

oils, 1419. 

spp, (drv^), 798, 825, (resin) 

1693. 

Cassie satchet, 1531. 

Caatanea vesca (ganpowdt-r), 884, 
(nnt) 1352-3, (taunin) 1982, (tim« 
her) 2014. 

Castwha^nat, 1351-2, (oil) 1379-80. 
Castanospennom aostrale (nut), 
1353. 

Oil- 'V'Pii •■l.i'iioi IfiriO-Ol. 

M.irkl: isi’.iik 

• »p.'. 

<!iis«r y |i. >0. 

Castuia elegans (resin), 1638. 

Castor, 798, 1524. 

fiber (drug), 798. (fur) 1030, 

oil, 798, 1380-2. 

• plant for g^een-so^liI^; 

sogar-cane, 1866. 

Castoreum, 798, 1524. 

Cusnarina littorea (spice), 1807. 

spp. (limber), 2018. 

Catechu, 1982-3. 

pale, 1984-5. 

Catfiab-oil, 1364. 

Cat for, 1030. 

Catgut, 608-10. 

Catha ^nlis (tea), 2010. 
Ghthartocarpm fistula (drag), 798. 
Cattail’s guttapercha, 1164. 

pboto>eD^vii)g process, 1613. 

Cattle-hair, 1095. 

Cauiine, 856. 

Caustic potadi, 251-3. 

soda, 305-12. 

Cavallicm urens (redn), 1685. 
Cavanilleda platanifolia (fibre), 
938. 

Cawdee (resin), 1666-7. 

^ Cayenne pepper, 1803. 

Ce tree (oU^ 1410. 

Oe^motbns ameiicanns (tea), 2011. 
Ceara rubber, 1658-9. 

Cebadilla, 798. 

Cecroi»a peltata (narcotic^ 1308, 
(resin) 1628, 1665, 

Cedar. Au^ralian red, 2013- 

i^nnrda, 2013-4. 

— — boom, 2014. 

eztra^ 1528. 

New Zeahmd, 2014. 

_ — of Lebanon, 2014. 

ofl, 1^19. 

- yiiginian red, 2014. 


Cedar, West Indian, 2014. 

Cedrat cordial, 226. 

essence 1419. 

Cedrela australis (timber), 2013. I 

odorata (timber), 2014. 

Toona (resin), 1693, (timber) 

2021. I 

Cedras Deodara (resin), 1684, (tim- 1 

her) 2014. ! 

Libani (oil), 1419, (timber) 

2014. 

Celastrns edulis (tea), 2010. 

spp. (oil), 1414. ^ 

Celery-oil, 1419. 

Oilier - Blumenthal’s apparatus 
(alcohol), 198. 

Celluloid, 610-8. 

Celosia cristata (fibre), 938. 

Celtis orientalis (fibre^ 938, (resin) 
1693. 

Roaburgbii (resiu), 1668. 

Cements. 618-31. 

calcareous, 619-20. 

cementing compounds, 623-8. 

gelatinous, 620-2. 

glutinous, 622-3. 

lutes, 628-31. 

Cemiostoma coffeelum (coffee), 699. 
Cendres gravel^es, 259. 

Central American pearl fisheries, 
1520. 

rubbers, 1628, 1959-61. 

Onti ifugal machines. 495-6, 1825, 
1839, 1901, 1934-5, 1937-3. 
Century-plant (fibre), 912-6. 
Cephaelis Ipecacuanha (drug). 
812-4. 

Ceradia furcata (resin), 1624-5, 1693. 
Cerambyx spp. (mtisk), 1525. 
Ceramic photographs, 1543-4. 
Cerasus gums, 1639. 

Ceratonia siliqua (resin), 1668, 1671. 
Ceratophorus spp. (resin), 16o2, 
1665. 

Cerbera Manghas (►pice), 1807. 

spp. (oil), 1414. 

Cerise, 663. 

Ceroplastes irrlfenis (wax), 2045. 
Ceroxylon audicola (wax), 2046. 
Cetonia aurata (drug), 796. 

Cetraria iblandica (drug), 812. 

Ceylon pearl-fishery, 1517-8. 

zimmt, 1803-7. 

Cbagual (gum), 1621, 1633. 

Cbakazi (copal), 1641. 

(Chalybeate water, 367. 

Chamaerops spp. (fibre), 933. 
Chamber acid strength (sulphuric 
add), 69. 

Chamomile, 798, (oils) 1419. 
Champonnois' b^troot pulp press, 
1839. 

potato-grater, 1824. 

washer, 1824. 

root-grater, 1824, 1838. 

Cbaok, 1517. 

Chapman's paper liquor evaporator, 
1508. 

Chapziger cheese, 1528. 

Char analysis, 1965-70. 

(Dharas (narcotic), 1305-6. 

Charcoal, animal, 453-4. 

as manure, 1266. 

filters, 1851-4,1889,1922-3. 

mill (gunpowder), 837. 

patents, 1937. 

retorts (gunpowder), 882, 

revivification, 1853-4, 1923-6. 

washing, 1852-3. 

wood, 14-6, 882-4. 

Char-dust as manure, 1266. 
Ch^lestown phosphate, 1263. 
Charlock-oil, 1396. 

Chartreuse, 226-7. 

Chasing porcelain, 1599. 

(fiiatterton's compound, 1164. 
Cbaulmngra, 799, (oil) 1382. 
(Jhavannesia esculenta (rubber), 
1657. 

Cbavka spp. (narcotic), 1305, 
(spice) 1814. 

Chay (dye), 856. 

(guttapercha), 1652. 

(!)heese-salt, 1732. 

(ilielonia Cephalo (oil) , 1375. 
Chemical lute, 629. 


ClbemickiDg-machine (bleaching), 
506, 515. 

Chenalllier's evaporator, 1799. 
(^enopodium ambri^oides (oil), 
1432. 

Quinoa (narcotic), 1308. 

Chequito (oil), 1382. 

Cherry (acetic acid), 14. 

gum, 1621, 1638-9. 

oil, 1382-3. 

[«. ornelian] oil, 1414. 

Chestnut, 1352-3, 2014- 

extract, 1226, 1982. 

[horsel oil, 1392. 

[Moreton Bay] (nut), 1353. 

[Tahiti] (nut), 1353. 

[water], (nut), 1359. 

Cheve's tap (nitric acid), 157. 

Cliian turpentine, 1623, 1687. 
(]hickrassia tabularis (resin), 1693. 
Chicle (gum), 1635, 1639. 

Chicory, 631-3. 

bibliography, 633. 

characters, 631. 

Cummerce, 632-3. 

cultivation, 631-2. 

preparation, 632. 

uses, 632. 

values, 632-3. 

Chili saltpetre, 315-6. 

Chillies, 1803. 

Chimney-pots, 1573. 

China (dye-stuff), 864. 

, 1594-7. 

English. 1558, 1596-7. 

CHuna-clay, 635-9. 

artificial, 639. 

characters, 635. 

cost of production, 638. 

extraction and prepara- 
tion, 636-3. 

nature and utilization of 

waste products, 638-9. 

occurrence, 635-6. 

suggested improvements 

in preparing, 639. 

uses, 638. 

China grass, characters and uses, 
930-2. 

cultivation, 922-3. 

extraction of the fibre, 

923-30. 

C%ina-root, 799. 

Chiuchilla fur, 1030. 

lanigera (fur), 1030. 

Chinese cement, 623, 626. 

galls, 1984. 

green, 856. 

pearl mussel, 1517, 1518. 

silk, 1741-3. 

sugar-cane, 1861. 

varnish, 1692. 

white, 1550. 

while wax, 2044. 

yellow rose extract, 1539. 

Chios terpentin, 1687. 

Chirett^ 799, 1805. 

Cbironia scabrida (oil), 1414. 
Chironji (oil), 1383, (gum) 1639. 
Chitrang (fibre), 997. 

Chittagong wood, 2021. 

Chloral, 633. 

Chloranthus inconspicuus (tea). 
2010. 

Chlorate potassium, 261. 

Cljlorbydric acid, 101-47. 

Cbluri^ ammonium, 244-6. 

calcium utilization (bleaching 

powder), 468. , 

copper, 1297. 

lime, 456-70. 

potassium, 261-6. 

sodium, 1710-40. 

sulphur for sugar-refining. 

1929. 

tin and ammonium, 1303. 

Chlorine, 634. 

and sulphur compounds for 

defecating caue-juice, 1888. 

— making without manganese. 
468-70. 

utilization (bleaching powder), 

468. 

Chlorkalium, 261-6. 

Cblorkalk, 456-70. 

Chlornatrium, 1710-40. 


(Dblon^alum pomeridianum (fibreX 
939. 

Chlorome^, 634-5. 

Chloroxyl^ Swietenia (timber), 
2021 . • 

Chlor-oxy-napththalic a<^ 682. 
Cblorsaures ^i, 261. 

Chlonire, 456-70. 

Chocho oil, 1395. 

Chondodendron tomentosnm (drug), 
819. 

Cbondrus spp. (dn^), 814. 

Chop-nut, 795. 

Ghorisia speciosa (fibre), 939. 
Chromate potassium, 266. 

(yellow oi;<g.:atralX 1297. 

Chrome, 1297. 

alum, 1297. 

green, 1549. • 

yellow, 1551. 

Chromic acid, 48. 

Chromium, detection, 348. 

mord^ts, 1296-7. « 

Chromogmph, 1610. 
Chromo-lithography, 1604-6. 
ChroD^ure, 48. 

Chromsaures kali, 266 
Cbrysantbemum Parthenium (oilX 
1427. 

spp. (tea), 2010. 

. . , . 

. 796. 

.■ (resiuX 

1693. 

rhodeneurum (resin), 1652. 

spp. (resin), 1665. 

Chorco (tannin), 1993. 

Churrus (narcoticX 1306. 

Cbu tsale (borax), 534. 

Chypre, eau de, 1532. 

Cibotiura Barometz (fibreX 939. 
Cichorinm Intybus (chicoryX 631-3, 
(coffee) 707. 

Cider, 414-21. 

Cigarettes, 1345-6. 

Cigars, 1344-5. 

Cimicifnga racemosa (drug), 825. 
Cinsebene camphor, 578. 

Cinchona, 799-808. 

alkaloids and their preparation, 

804-6. 


collecting seeds, 806-1. 

commerce, 807-8 

cnltivation. 800-4. 

diseaises, 803, 807, 

distribution of the cultivation. 

806-7. 

harvesting the bark,-803-4. 

layering, 802. 

manunitg, 803. 

planting, 802-3. 

plant^ 799-800. 

pi icking out seedlings, 801. 

proportion, 801-2. 

removing ai|^ drying the bark 

804. 

shading and staking, 803. 

soil and drainage, 800. 

spp. (^kaloid), 231, (drug 

799-808, ^ 

weeding and pruning, 803. 

Cinchonine, 231. 

Cingalese varnish, 1692. 
Cinnamomum Camphora (camphor) 
571-6, (drug) 796. 

pedunculatum (wax), 2045. 

spp. (oil), 1419, (spice) 1804-6. 

Cinnamon, 1805-7. 

Chinese, 1804-5. ® 

oils, 1419. 

Cirage, 450-2. 

Circular stockiife-frames, 1194-^. 
Cire, 2042-6. • 

— - d'abeiljeat 2042-4. 

— de biculba. 1379. 

Cissampelos Parelra (drug\ 819. 
Clstus ladaniferns (orag), 818, 

— spp. (resin), 1624. 

Citnc acid, 4^o. 

Citrometer, 49. 

Citronella-oil, 1419-20. 

Citron-oil, 1419. 

Citrongfiure, 48-60. 

Citron-z€iste, 1423. 

Citrons, 1023. 
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Citrullos Colo<^this (drag), 808-9. 
Citrus Aorantium (fruit), 1025-7. 

Bei^amla (oil), 14l7f 

Limetta (fruit), 1025^ 


- : ■ ■ ■ . (drug) 

Civet,' 1524, (extract) 1528. 

Clam, 1517-1520. 

* Gapham’s (B. C.) arrangement (hy- 
dro<bloric acid), 116. 

Clarification, c^e-juice, 1884-90. 

oils and fats, 1459-62, 2024. 

Clark's indjttad^r spreading- and 
doubling-m^iiDe, 1148. 
Cla^fication (wine), 440-1. 
Claviqpps purpurea (drug), 810-1. 
Clawson’s tobacco-weighing ma- 
ebine, 1346-7. 

Clay, alum from, 329. 

salt-pins, 1736-7. 

Claying dSne-sugar, 1900. 

Clays, 635, 1558-60. 

brick, 635. 

- china, 635-9. 

fire, 639-^0, 

— ~ for terra-cotta aud tiles, table 
of anal 3 rses, 1583. 

m^rschaum, 640. 

— — pipe, 640. 

— — pottery, 640. 

- . . table of anal 3 rses, 1559. 
Clayton's roller a^jnstii^ gauge 

(cotton manufacture), 760. 

tnbe roller (cotton manufac- 
ture), 743. 

Cleaning silk, 1750-1. 

. - sugar-beets, 1836-7. 
Giear-boiling hard soap, 1779. 
Cleome viscosa (oil), 1415. 

Clerget’s tables, sugar analysis, 
1949-51. 

Cluisonnd ware, 1599. 

Closing ropes, 1705-7. 
Goth-ecouring, 512. 

- sulphuring (bleaching), 513. 
Cloths for hatters, 1127. 

- [greasy], recovery of grease 
from, 605-6, 1465. 

Clous de girofles, 1807-9. 

Clove-bark oil, 1420. 

— — nutmeg. 1812. 

oil, 1420. 

pink eiktract, 1529. 

Goves, 1807-8. 

Clupea pontica (oil), 1366. 

spp. (oil), 1369-70. 

Gusia spp. (resin), 1693. 

Cluster' card^om, 1804. 

Coal, assay, 358. 

— — brasses, 1297. 
distillation, 1033. 

gas, 1033. 

shales, alum from, 328. 

- M . tar , ammonft from, 235. 

— creosote, 41. 

distillation, 641. 

oils, 641-84. 

- products, 641. 

-I aniliJfe blacks, 671. 

browns. 669-70. 

greys, 671. 

yellows, 670-1. 

anthracene, 650-3. 

anthraquinone,653-4. 

. benzol, 647-8. 

bibliography, 684. 

P blue colouring mat- 
ters, 664-7. 

carbolic acid. 671-80. 

tivee» 680-1. 

characters of tar, 641. 

creoibtJt 648-9. 

distillation of tar, 

641-4. ^ 

greens, 668-9. 

naphthalene, 649-50. 

9 derivatives, 

681-4. 

nitro-benzols, -to- 

luols, and -xylols, 654-64. 

once-run %iaphtha, 

644-7. 

phenyl violets, 667-8. 


INDEX. 


Coal-tar, products, toluol, 648. / 

Coffee plants, distances, 693. 

iylol, 648. ^ 

preparation, 700-6. 

Coal-fish-oil, 1364. 

pruning, 696-7. 

Cobalt, assay, 351. 

pulping, 700-3. 

blue, 1548. 

rot, 700. 

detection, 348. 

shade, 695. 

Cob-nut [Kentish], 1358. 

shelter, 694-6. 

of Jamaica, 1352. 

sizing, 705, 

Coca, 1307-8. 

staking, 694. 

Cocculus Chondodendron (drug), 819. 

stores, 704. 

I-. ■ ’ f r •' ='■ 

supplying vacancies, 694. 

I' ■. ‘ . 1383. 

692-3. 

vSieties and values, 705-6. 

1* 5; ; ; ' » . -1- i. 

« . ‘ .•!; 1375. 

weeding, 696. 


winnowing, 705. 

■ 1668. 

Cuffey‘’s still, 208 , 246. 

Gian’s process for purifying o Is 

oieae tun;, i4ui. 

and fats, 1460. 

Pe-la (ink), 1170, (wax) 2044. 

Cohobator, 657. 

spp. (dye), 861. 

Cohune-nut-oil, 1414. 

Cochin China sugar-cane, 1861. 

Coing, 820. 
t’oir, 939. 

Cochln»‘al, 856. 

fat, 1375. 

Col, 1808. 

lake. 1550. 

Cola acuminata (nut), 1358-9. 

Cochlearia spp. (oil), 1432. 

Colchicum. 808. 

Cuchlospennum Goasypium (oil). 

autumnale (drug), 808. 

1414, (resin) 1621, 1685. 

Cold for concentrating cane-juice, 

Cockchafer-oil, 1375. 

1900. 

Cocoa, 421-2, 684-91. 

process of soap-making, 1771-3. 

blblic^aphj’, 691. 

water soaps, iTi'S. 

consumption. 690. 

Cofeman’s machine (fibres), 924. 

cost of production, 687. 

Cole-seed, 1384-5. 

cultivation, 636. 

Collas stoning-machine, 1836-7. 

general considerations, 690. 

Collodion emulsion, 1538. 

guarana, 690-1. 

processes, 1536. 

local details, 687-90. 

(dry) processes, 1537-8. 

preparation, 686-7. 

Cbllograpb, 1609. 

product lou and commerce, 686. 

Collotype printing, 1543. 

values, 690. 

processes, 1619-20. 

Collyer’s fibre-machine, 929. 

varieties, 685-6. , 

Gjco-nut, 1353-7. 

Colocynth, 808. 

fibre, 939. 

Cologne, eau de, 1532, 

gum, 1621, 1639. 

Colombo, 795. 

oil, 1383-4. 

Colophane, 1680-1. 

Cocos butter, 1383-4. 

Colophonia mauritiana (reshri. 

gurami, 1639. 

1649. 

nucifera (arrack), 219-20, 

Colophoninm, 1680-1. 

(fibre) 939-40, (oil) 1353-7, (gum) 

Colophony, 1680-1. 

1621, 1639, (sugar) 1904. 

for »)aj>maku)g, 1767. 

Cocosnussol, 1383-4. 

Coloqulntida, 808. 

Cocostalg, 1383-4. 

Colorado hemp, 919. 

Coction of hard soap, 1779. 

Coloured glass, 1083-4. 

Codd's filling machine (aerated 

soaps, 1791. 

waters), 371. 

windows, 1084. 

Cod-liver-oil, 1363-5. 

Colouring esparto, 1490-1. 

Coeruline, 682. 

porcelain, 1599-1600. 

Coffeaspp. (beverage), 422-3, (coffee) 

Gilour printing, 1604-6. 

691-722. 

Columba migratina (oil), 1376. 

Coffee, 422-3, 691-722. 

Colza-oil, 1384-5. 

adulterants and substitutes, 707. 

Corabretum butyraceum (oil), 1382. 

bibliography, 722. 

(’4>mbiDg 0 ^ 4100 , 747. 

borer, 699. 

Combo oil, 1415. 

bug. 699-700. 

Combs. 1132. 

canker, 700. 

Common camphor, 572-5. 

catch-crops, 695-6. 

goat-hair, 1 098. 

commerce, 706-7. 

iron (mordant), 1299. 

consumption and prospects, 707, 

turpentine, 1687-91. 

dibbling, 694. 

Comparative table of lights, 1547. 

diseases and enemies, 698-700. 

Composing machines, 1601-2. 

drying, 703-4. 

Composite salt-pans, 1736-7. 

estate, clearing and burning. 

ConDpositions for matches, 1292-3. 

692-3. 

Compres>ed gunpowder, 894. 

drjuns, 695. 

Comptonia asplenifolia (tannin), 

holing or pitting, 693. 

1993. 

lining, 693- 

Concentrated alum, 1295. 

roads, 695. 

Coocemration beet-juice, 1854r-7. 

selection 692 



cane^iiice 1890—1900. 

fermenting, 703. 

oxalic acid, 173. 

fly, 698-9. 

soi^bum-juice, 1911-2. 

harvesting, 700. 

sulphuric acid. 92-6, 99. 

hulling or peeling, 704. 

Concha nacar (pearl), 1520. 

in Ceylon, 709-12. 

Conch pearl, 1517, 1520. 

in India, 713-6. 

-Concretor (cane-sugar), 1898-1900. 

in Liberia, 717. 

Condensers, acetic acid, 12. 

in Natal, 718-9. 

hydrochloric acid, 108-17. 

in the West Indies, 720-2. 

nitric acid. 157-8. 

leaf blight, 698. 

Condiments, 1802—17. 

leaves, 707. 

Condy’s process acetic acid, 24-5. 

local details of culture and pro- 

Ck)nger-eel-oil, 1364, 1375. 

duction, 707-22. 

Congo pea for green-soiling sugar- 

manuring, 697-8. 

cane. 1866, 1869. 

nurseries, 691-2. 

Comma resin, 1649. 

oil, 1407, 1420. 

Connarus spp. (oil), 1414. 

other methods of preparing, 705. 

Conocarpus latifolia (resin), 1647-8. 

packing and shipment, 705. 

spp. (resin), 1651. 

planting, 693-4. 

Constfuction of tanneries, 1228. 
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Gonsunqition nitre (solpliuric acid), 
79. 

Convolvulus Purga (drug), 814-5. 

Scammonia (drug), 823-4,. 

(resin) 1624. 

spp. (oil), 1430. 

Cooawanoo-oil, 1375. 

Coondi-oil, 1395-6. 

Copahu, baume, 1639-40. 

Copaiba, 809,1623,1624,1625,1639-40. 

balsam-oil, 1420. • 

blanca, 1639. 

Copaifera .<ipp. (drug), 309, (balsam) 
1623, 1639-40. 

Copaiva, 1639-40. 

Copal, 1623. 1624, 1625, 1626, 1640-4. 

1666, 2024. 

Copaubu-u 9 U, 1665. 

Copemicia cerifera (fibre), 940, 
(wax) 2044. ^ 

Copper, acetat^ 30, 1297. ^ 

acetic ju:id from, 23-5. 

aceto-arsenite, 31, 

amalgam, 333. 

aramoniuret, 1297. 

assay, 352. 

chloride, 1297. 

detection, 348. 

engraving on, 1613. 

mordants, 1297. 

nitrate, 1297. 

plates, facing with iron, 1613. 

plating, 880. 

sulph.ite, 1297. 

wall for caueguice, 1890-1. 

Copperas, 1299. 

Coppers, soap, 1774-5. 

Coppersmiths’ lute, 629. 

Copra-oil, 1383-4. 

Coprolitus, 1260-1. 

Coprosma Baueriana (coffee), 707. 
Cuptis, 809. 

spp. (drug), 809, (dye) 856. 

Copying-inks, 1166. 

processes, 1608-10. 

Coquiila-nut, 1357. 

Coquita (fibre), 962. 

Coquito-oil, 1385. 

Corail, 1521-3. 

des jardins, 1803. 

Coral, 1521-3. 

bibliography, 1523. 

imports, 1523. 

Coralline, red, 6a0. 

yellow, 680. 

Corallium rubrum, 1522. 

Corchorus spp. (fibre), 940-5. 
Cordage, 1695-1710. 

hand-made, 1696-7. 

machine-made, 1697-1704. 

Corde de boyau, 608-10. 

Cordia globosa (tea), 2011. 

Rothii (resin), 1693. 

spp. (fibre), 945. 

Cordillera wax. 2044. 

Cords, 1696, 1762. 

Cordyline spp. (fibre), 945-6. 
Coriander, IsOS, (oil) 1420 
Coriandrum sativum, 1420, 180«. 
Coriaria myrtifoUa (tannin). 1988. 

ruscifolia (tannin), 1993. 

Cork, 722-9. 

carpet, 1015. 

commerce, 728-9. 

cutting, 725-7. 

disintegrator, 727. 

flattening, 724. 

grinding, 727-8. 

history, 728. 

stripping, 723-4. 

uses, 724. 

Corkwood cotton, 986. • 

Cornelian cherry oil, 1414. 

Cornish stone, 1560. 

Cornstalk-sug.ir, 1908-14. 
Com-starcb, 1823, 1S28-9. 

Comus florida (timber), 2015. 

mascula (oil), 1414. 

sanguinea (oil), 1388. 

Corozo-nut, 1357. 

Corps gras, 1360—1484. 

Corragine (fibre). 994. 

Corrosion of metals by oils, 1481. 
Corticine, 1015. 

Corylus spp. (gunpowder), SS4, (nut) 
1358. 



3123 


INDEX. 


Oovypli* calfera Orax), 2044. 

Gebaaga (starch), 1827. 

(fitee), 046. 

CaseteiinB fenestratam (dye), 856. 
Gostii8,809. 

Goto, 809. 

Gotoneaster nommalaria (drag), 818. 
Gotton, 948-60. 

Irfeaddng. 471-508. 

^ l^ftch bouse, 477. 

t Ider^ 477-8, 480. 

llnwting and chemickiDg 

madtdnea, 478-80. 

madder bleach, 471-94. 

market Ueach, 495-506. 

Turkey red bleach, 494. 

yarn aw thread bleacdiing, 

606-8. 

carding, 743-7. 

«: — cards, 744. 

— <diaracteT8 and oses, 959. 

comlnn^ 747-9. 

commerce, 786, 959-60. 

cnltiyatlon, 954-7. 

distribution, 943-54. 

donbling, 7^. 

drawing, 749. 

drawix^;-in, 779. 

dyeing, 828-35. 

blacks, 828-9. 

blues, 829-30. 

browns, 830-1. 

drabs, 831. 

greens, 831. 

greys, 831-2. 

— — — mechanical af^diances, 
835. 

oranges, 832. 

— — reds, 832-4. 

Tiotets, 834. 

yellows, 834-5. 

fibre : its strnctore in relation 

to manufacture, 731. 

— — gaslng, 765. 

ginning, 957-9. 

grass, 948, 

insects, 967. 
length of staple. 732. 

looms, 781. 

manufactures, 729-90. 

— — bibliography, 790. 

commerce and statistics, 

786-90. 

generalities, 729-30, 

manures, 957. 

miU, 734. 

mixing. 737. 

opening, 739. 

polishing, 765. 

powder, 897. 

reeling, 764. 

roving, 752. 

scutching, 741. 

seed-oil, 1385-6. 

separation of the fibre, 957-9. 

sizing 766, 770. 

slabbing, 751. 

spinning, 733-66, 753-64. 

twlsting'in, 779. 

warping 769-70, 777-9. 

weaving, 766, 780. 

shei 767. 

winding, 766, 768, 777. 

yam and thr^d bleaching, 

506-8. 

yams, 738. 

Cotton's lwse>macbine, 1193. 

Couepia dulcis (oil), 1414. 

Con^e for hats, 1127. 

Coula edulis (oil), 1414. 

Gouinwine, 1528. 

^umarouna odorata (perfume), 
1528. 

ConmitK)!!, 1386. 

Country nuUlow (fibre), 911. 

walnut, 1352. 

Coupler's red*, 663. 

Court bouquet 1530. 

Covered n^tal buttons, 557. 

Cowdee (resin), 1666-7. 

GoW'halr, 1095. 

hid^, 1758. 

Cowrie wood, 2016. 

Cow-tree (gum), 1664, 169'' 
Ciab-oil,.1386. 

Crabbin|(-machiDe (bleaching), 512. 


Crackle-glaze, 1598-9. 

Crandall type- writer, 1608. 

Cratdeva Marmelos (drag), 793. 
Cream of tartar, 189, 1303. 

Creosote, 1683. 

Cre(^te, coal-tar, 41, 648. 

Cresol, 42. 

Cress-oil, 1415. 

Cresylic acid, 42. 

Cricetus vulgare (fur), 1031. 
Cr^hton opener, 739. 

scutcher, 741. • 

Crimson spirit, 1303. 

Crinum ^p. (drug), 826. 

Crocodile musk, 1625. 

oil, 1365. 

Crocus sativus (dye), 866-7, (oil) 
1430. 

Crotalaria spp. (fibre), 946-7. 

Croton Draco (resin), 1648. 

Eluteria (oil), 1419. 

lacciferam (resin), 1668. 

moluocanum (nut), 1352. 

oil. 809, 1386-7. 

philippinensis (dye), 861. 

seblfera (oil), 1412. 

spp. (drugs), 797-8, (oil) 1387, 

(resin) 1668. 

Tiglium (drag), 809, (oil) 

1386-7. 

Crown glass, 1057. 

manufUcture, 1063. 

sewing silk hats, 1126. 

Crucible, Hessian, 1558. 

Crucibles, 790, 1570. 

for glass, 1046. 

7- lute for, 629. 

Cruciferas (oil), 1421. 

Crude naphtha, 1446. 

Crushing macbiue (fibres), 912. 

mineral phosphates, 1267-8. 

sugar-cane, 1873-6. 

Crast-guanos, 1264. 

roans (leather), 1236. 

Crutcbing soap, 1785-6. 

Cryolite, alum from, 330. 
Cryptoc^ya moschata, 1812. 
Cryptomorphite, 627. 

Cryptostegia grandiflora (fibre), 947, 
(resin) 1655, 1664. 

8pp. (resin), 1627. 

CrystalQzable sugar, determination, 
1943-4. 

in cane-juice, 1871-2. 

Crystallizing-points of saltpetre 
solutions, 277, 

Crystallization of sugar, 1849-50, 
1854-5, 1893. 

Cuaxinduba (resin), 1665. 

Cuba bast, 962. 

Cubfba Clusii (spice), 1814. 

spp. (drug), 809. 

Cubebs, 809. 

African, 1814, 

camphor, 578. 

oil, 1420. 

Cubic alum, 1293. 

Cuca (narcotic), 1307, 

Cucumber-oil, 1395. 

Cucumis Melo (sugar), 1903. 

spp. (drug), 808-9, (oil) 1395. 

Cacurbitacese (oil), 1395. 

Cudbear, 864. 

Culen t€^ 2011. 

Cultivation, aloes, 792. 

be^ 1831-7. 

chicory, 631-2. 

China grass, 922-3, 

cmcbona, 800-4. 

cocoa, 686. 

coffee, 691-700. 

cotton, 954-7. 

esparto, 979-80. 

flax, 965-7. 

hemp, 934-6. 

indigo, 858-61. 

jute, 941-2. 

— — Manilla hemp, 983. 

phormium, 987-8. 

soighum, 1909-10. 

sugar-cane, 1860-70. 

sumach, 1988-90. 

sunn hemp, 946. 

tea, l994r-8. 

wattles, 1986-7. 

Cumbi resin, 1648. 


Cumin, 809^ (seed-oil) 1415. 
Ouminum Cyminnm (dn^), 809-10. 
Cumol, 2026. 

Cunningham's flax-hackling ma- 
clune. 1246. 

Cup and cone hardener (hats), 1106. 
Cnpania sideroxylon (oil), 1394. 
Cupressus sempervirens (timber), 
2014. 

Coragoa (liquenr), 227. 

phosphate, 1264. 

Curari, 810. 

Curcas pnrgans (nut), 1359, (oil) 
1410, (resin) 1694, (shade) 1815. 
Curcuma longa (dye), 868. 

spp. (oil), 1432, (starch) 1822. 

Curcumin, 868. 

Curd cement, 627. 

soa|», 1779. 

Curdee-oil, 1410. 

Cnrii^ indiarabber, 1154. 

soap, 1783. 

sugar, 1857, 1900-1. 

telegraph cores, 1152. 

water-proofed fabrics, 1149. 

Carling hair, 1100. 

^irajong fibre, 994. 

Currants, 1023. 

Curratow fibre, 933. 

Curry-leaf tree (oil), 1410. 

Currying leather, 1234. 

Curtisia faginea (timber), 2012. 
Curvamboo (resin), 1693. 

Cusparia, 793. 

tnfoliata (drug), 793. 

Cuaso, 815. 

Cutch, 1982-3. 

Cutlei^ cement, 623. 

Cutting glass, 1074. 

machines (paper), 1603-4. 

(rubber valves), 1150. 

paper, 1503-5. 

rags, 1491. 

soap, 1781-3. 

straw, 1492. 

Cavelier's beetroot pulp press. 
1839. 

Cyanide potassium, 267. 

Cyankalium, 267. 

Cyanogen from animal matter. 
270-1. 

Cyanotype, Herschel's, 1617. 

Cycas circinalis (resin), 1693. 
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i.«yuimeis, uyuiocnionc acid, 104-9. 

moulding (glass), 1066. 

Cymbop<^on spp. (oil), 1429. 
Cymogene, 1446. 

Cynancfaum ovalifolium (resin) 
1657. ^ 

viminale (resin), 1624. 

Cynips Galhe tinctorue (tannin) 
1983-4. 

Cynometra spp. (oil), 1414. 

Cyperos esculenlns (oil), 1414. 

spp. (fibre), 947. 

Cypres, 2014. 

C^rprian turpentine, 1687. 
Cypripedium pubescens (drag), 825 
Cypribcher terpentin, 1687. 

Cyprus satcbet, 1531. 

vitriol, 1297. 

Cysteodemus armatus (drug), 797, 
Cystophora cristata (oil), 1370. 
Cytisus Bcoparius (drug), 795, (dve) 
856, (fibre) 947. 


J_/ACTIYDIUM cupressinum 
(resin), 1680. 

spp. (timber), 2019. 

Dacus olese, 1400. 

Daemia extensa (fibre), 947. 
D«monorops spp. (cane), 595-8, 
(resin) 1624. 

Daglish's blowing-engine, 465. 

kilns, 83. 

still, 36. 

Dahlia, i>otash from, 255. 

purpurea (oil), 1432. 

Dairy produce pr^rvation, 1016. 
Dalbergia nigra (timber), 2020. 

Sissu (timber), 20M. 


Dalbergia spp. (resin), 1668. 
Dallcan's tallow test, 1477. 

Dallas' pboto-^D^iravii:^ process, 
1618. . 

Damar, 1644-5. 

Dambonite, 1830. 

Dambose, 1830. 

Dames' violet oil, 1414. 

Dammar, 1623, 1624, 1625, 1644-5. 

austral, 1666-7. 

de la KoaveUe-Zelande, 1666-7. 

selo, 1668. 

white, 1678. 

Dammara australis (timber), 2016. 

^p. (resin), 162^^544, 1666-7. 

Damping-machine (E^briiing), 497. 
Diincer's aspirator, 129. 

Danddion, 826. « 

Dandy fiiniaces, 117-8. 

Daniellia thnrifera (resin), 1649-50. 

147. 

r ■ 

Dannsalte, 608-10. 

Dash-wheels (bleaching), 495. 

Date palm (fibre), 986. 

tree sugar, 1904-8. 

Dates, 1024. 

Datura spp. (dn^), 826, (narcotic), 
1325. 

Daucus Carota (oil), 1432. 

Dawam^ (narcotic), 1307. 

Day's indiarabber substitute, 1162. 


white, 2014. 

Debregeasia spp. (fibre), 947. 

D^bet de lait, 1903-4. 

Deckanee hemp, 961. 

Decolorizing oils and fats, 1461-2. 
Decorative processes (pottery), 1597- 
1601. 

Deer skins, 1757. 

Defecation, beet-juice, 1846-51. 

cane-juice, 1884-90. 

by chemicals, 1886-9. 

by filtration, 1889-90. 

by galvanism, 1890. 

by beat, 1884-6. 

mne sucrate process, 

1930-2. 

^;j-^^8o:^hum-jaice, 1912-3. 

< ■ » 

Delphinaptenis leucas (oil), 1369. 
Delphinium Stapbisagria (drug), 
826. 

Delphinus spp. (oil), 1369, 1372. 
Demerara yellow crystals, 1894-5. 

defecation for, 1888-9. 

De Mornay cane-mill, 1875. 
Dendrocalamus spp. (fibre), 921. 
Deniering silk, 1753-4. 

Densimeter (gunpowder), 895-6. 
D.ntal rubbers, 1154. 

Deodar wood, 2014. 

Deodorizers, 677. 

Deodorizing oils and fets, 1461. 
Depazea maculosa (coffee), 700. 

sacchari on sugar-cane, 1869-70. 

Depilatories, 1220-4. 

Depulpers for beet-juice, 1839. 
Derayage of leather, 1234. 
Designolle's powder, 41. 

Detection rmuiual], fatty^ils, 
1469-71. j. j * 

oils and fats, 1462-77. ^ 

resins, gum-resins, a^ halaamH 

1624-7. 

Deterioration (wfeie), 447, 

Detonators, 903. , 

Developing recipes, 1537. 

Devil’s cotton-, sii. 

Dextrine, 1645-7. 

transformation into sugar, 

1914-5. 

Dexti-ose, 1830, 1831. 

Dhak kino, 1^38. 

Dhauri, 858. 

Dboura gum, 1647-8. 

Dhunchee (fibre), 996. 

Diabetic sugar, 1830. 

Diablotin (oil), 1376. 

Diamond, 1041. 
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IX-amyl'aniline, €58. 

Diaphragii^, 1533-4. 

IMaspore, 332. * 

DibromanthraqtiinoQe. 653t 
Dichopsis spp. (rubber), 1627, 
1652-4. 

Dicypellium caryopbyllatum (oil), 
1420, (spice) 1808. 

Didthin (resin), 1674. 
Di-ethyl-auiline, 657. 

XDietrich’s (F.) process (tartaric 
acid), 180. 

Diffusion process, beet molasses, 
I8S8-9. 

‘mtucting beet-juice, 

1842-6. 

cane-juice. 1880-3. 

Digitate, 811. 

Digitalis spp. (drug), 811. 

DiM’s lute, 629. 

Dika-&t, 1387. 

Dika-maii/reain), 1624, 1648. 

Dill, 810, (oil) 1420. 

DiiCHoil, 1387-8. 

Diospyros glutinosa (resin), 1684. 

spp. (timber), 2015. 

virginiana (timber), 2019. 

Diphenylamine, 658. 

blue, 666. 

Di-phebyl-rosaniline, 667, 
Diplarrhena Moroea (fibre), 948. 
Diplolepls Gallae tinctorise (tannin). 

Dippers oil, 1361. 

Dipping-frame for matches, 1279. 

matches. 1281. 

Dipsacus fullorum, 2084. 
Dipterocarpus spp. (drug), 812, 
(resin) 1624, 1651-2, (timber) 
2016. 

Dipteryx spp. (<^), 1379, (perfume) 
1528. 

Dip turpentine, 1688. 

Disinfectants. 677, 790. 

Disinfecting powders, 44. 

soaps, 1789. 

DisinU^ating sugar-canes, 1878-9. 
Disintegrators, bark, 1227. 

Diseases, cinchona, 803, 807 
— — coco-nnt, 939. 

coffee, 698-700, 

cotton, 957. 

olive, 1400-1. 

sogar-beets, 1835. 

sngar-canes, 1868-70. 

tea, 1997. 

tob»MX), 1330. 

Piss, 917. 

Dissolving rubber, 1147. 

Distillation, ateinthe, 218-9. 

acetic acid fixan vin^r, 25-6. 

alcohol, 196-201, 202-3, 205, 

206, 208-9, 212-3. 

ammonia, 234. 

aniline, 656. 

beet (alcohol), 211. 

carbolic add, 673-5. 

coal, 1033-4. 

coal-tar, 42-3, 641-4. 

essential oils, 1^7-8. 

hydrochloric acra, 147. 

lime acetate, 34-6. 

— liqueurs, 225-6. 

marine plants (potadi), 264-5. 

mineral acetates (acetic acid), 

21-5. 

naphtha, 645. 

nitro-benzol, 655. 

paraffin, 1510-4. 

petroleum, 1446-7. 

msaniline, 660. 

wood (acetic add), 7-21. 

Dita, 816. 

Di-toluyl-amine, 658^ 

Divi-divi, 1226, 1983. * 

Djamba (narcotic), 1306. 

I^ave fai 139(* 

Dobson Mkd Barlow^s cotton<^in, 958. 
Docimasie, 346-60. 
DoBmatinm'monophyllfm (oil), 1401. 
Doffing (cotton manufacture), 761. 
Dog-grease, 1375. 

D^nt (oil), 1418. ^ 

Dogwood, 2015. 

black (gunpowder), 882-4. 

——oils, 1388. 


Dole's tallow-renderer, 1447. 

DoU(^os Lablab, 1869. 

spp. (fibre), 948. 

Dolly (bleaching), 514. 

Domba-oil, 1387-8. 

Dombeya cannabina (fibre), 848. 
Donkey sewing-machine, 4^. 
Doornboom (resin), 1632, (timber) 
2015. 

Dorema Ammoniacum (drag), 793, 
826. 

8pp. (resin), 1624, 1630. 

Dorse-oil, 1364. 

Doryphora Sassa&as (drag), 823. 
Double carbonatation for defecating 
beet-joice, 1846-9. 

— muriate of tin, 1301. 

— shover stocks, 1220. 

still (alcohol), 206. 

transter prints, 1542. 

Doubling cotton, 764. 

silk, 1751-3. 

winding frame, 1698-^, 1700. 

Douglas’s green, 1549. 

Donlton ware, 1570-3. 

Down, 905. 

Dracaena indi visa (fibre). 945. 

spp. (resin), 1624, 1648. 

Dracbenblut, 1648-9. 

Dracocephalnm moldavicum (oil), 
1417. 

Dragon’s-blood, 1624, 1625, 1648, 
2025. 

Draining sngar, 1857, 1900-1, 1934-5. 
Drain-pipes, 1572-3. 

Dr ammin g silk, 1753-4. 

Draught and air (sulphuric acid), 
61, 88. 

Drawii^ cotton, 749. 

frame for flax, 1249. 

in cotton, 779. 

— jute, 1186. 

jute, 1180, 

Dressing flax, 1246. 

— — leather, tannage of, 1232. 

Drew, Heywood, and Barron's 
flower-still, 1457-8, 

Driers (varnish), 2027-8. 
iMmia clUaris (drug), 826. 
Drogueries, 790-827. 

Dromaius novs boUandiae (oil), 1375. 
Drosene (dye), 863. 

Drugs, 790-827. 

aconite, 791. 

ajowan, 791. 

aloes, 791-3. 

ammoniacnm, 793. 

angostura, 793. 

areca, 793. 

arnica, 793, 

asafoBtida, 793. 

atees, 793. 

bael,'793. 

barberry, 794. 

bearberry, 794. 

belladonna, 794. 

Ubliography, 827. 

black-roots, 794. 

boldo, 794. 

bonduc, 794. 

broom-tops, 795. 

bncbu, 795. 

buckthorn, 795. 

ciyuput, 795. 

calabar bean, 795. 

calumba, 795^. 

camphor, 796. 

^nella, 796. 

cantharides, 796-7. 

capsicum, V97. 

cascarilla, 797-8. 

cassia, 798. 

castor, 798. 

castor-oil, 798. 

cebadill^^ 798. 

chamomile, 798-9. 

chaulmugra, 799. 

china-root, 799. 

chiretta, 799. 

cinchona, 799-808. 

cocculns indicns, 808. 

colchicnm, 808. 

colocynth, 808-9. 

copaiba, 809. 

coptis, 809. 

costus, 809. 


coto, 809. 

croton, 809. 

cnbebs, 809, 

ctunin, 809-10. 

curari, 810. 

dill, 810. 

dita, 810. 

dnboisia, 810. 

elecampane, 810. 

eigots, 810-1. 

fern (male), 811. 

foxglove, 811. 

gmOanum, 811. 

gelseminm, 811. 

gentian, 811. 

ginseng, 811. 

— =— gnaiacmn, 811. 

gulancha, 811. 

gnrjan, 812. 

hellebore, 812, 

henbane, 812. 

Iceland moss, 812. 

ipecacuanha, 812-4. 

iridin, 814. 

Irish moss, 814. 

jaborandi, 814. 

jalap, 814-6. 

Jew’s ear, 815. 

kava-kava, 815. 

kino, 815. 

kokum-butter, 815, 

koso, 815. 

lactucarinm, 815-6. 

lignnm-vitffi, 816. 

lime-juice, 816. 

liquorice, 816-7. 

logwood, 817. 

lopez root, 817. 

lycopodium, 817. 

mmina, 817-8. 

matlco, 818. 

mezereon, 818-9, 

— — nux vomica, 819. 

pareira brava, 819. 

pellitory, 819. 

pennyroyal, 819. 

TOpperroint, 819, 

Pern balsam, 819. 

— > podophyllum, 820. 

poppy, 820. 

quassia, 820. 

quince, 820. 

rhatany, 820. 

rhubarb, 820-2. 

St. Ignatius' beans, 822. 

sarsaparilla, 822-3. 

sassafras, 823. 

sassy, 823. 

scammony, 823-4. 

senega, 824r-5. 

senna, 826. 

snake-roots, 825. 

squill, 825-6, 

stavesacre, 826. 

storax, 826. 

stramonium, 826. 

sumbul, 826. 

tamarinds, 826. 

taraxacum, 826. 

valerian, 826. 

waboo, 826. 

wormseed, 827. 

Dryandra cordata (oil), 1411-2. 

Dry collodion processes, 1537-8. 
Diying flax yam, 1254. 

indiarubber, 1143. 

oils (varnish), 2023-4. 

pottery, 1576-7. 

rope and twine, 1701-3. 

sheds for leather, 1232. 

soap, 1783, 

spread fabrics, 1148. 

starch, 1825-6. 

upper leathers, 1234. 

Dryobalanops spp. (camphor), 
576-7, (oil) 1397, (resin) 1624. 
Duboisia spp. (drug), 810, (oil) 1324. 
Dubrul’s cigar-scrap machine, 1345. 
Duca, 1693. 

Duchassalng's process (sugar), 1879. 
Duck-grease, 1375. 

Dflfte, 1523-32. 

Dt^ong (ivory), 1176, (oil) 1365, 
(skin) 1757. 

Dcdcite, 1830. 

Dummele (resin), 1684. 


Dumont filters, 1851. 

Duncan & Newlar^s* alum process 
of sugar-refining, 336-2, 1927-8. 

elution process (sugar- 

refining), 1933-4. 

Dander (alcohol), 204. 

Dtinger, 1266. 

Dunlop's tape-cutting madune (in- 
diarabber numufactures), 1146. 
Duolin, 901. 

Dnp salai (resin), 1677. • 

Durieux et Boettgeris filt^-press, 
(beet-sugar), 1849. 

Dnrma mats, 919. 

Dusting rags, 1491. 

Dutchman’s laudanum, 1307. 
racing and Calico-prmting, biblio- 
graphy, 854. 

calico-printing, 835- 

cotton-dyeing, 828-3^ 

generalities, 827-8. 

calf-kid (leather), 1237. 

carpets, 2105-6. 

cotton, 827-35. 

glove-hld (leather), 1239. 

hair, 1100. 

hats, 1112, 1120. 

ostrich plumes, 908. 

silk, 1754. 

Dyers* aqnafort^, 1302. 

composition, 1302. 

Dyes for hats, 1113, 1120. 

Dye-stuffs, 854-69. 

alkanet,.855. 

aloe% 855. 

annatto, 855. 

barwood, 855. 

berberin, 855-6. 

bibliography, 869. 

brazil-wood, 856. 

broom, 856. 

camwood, 856. 

canline, 856. 

chay, 866. 

Chinese-green, 856. 

cochineal, 856-7. 

ericine, 857. 

fustic, 857-8. 

gardine, 858. 

generalities, 854-5. 

godari, 858. 

henna, 858. 

Indian mulberry, 858. 

indigo, 858-61. 

kamala, 861. 

kermes, 861. 

lac, 861-2. 

Ian, g62. 

lanreline, 862. 

litmus, 862. 

logwood, 862. 

madder, 862-^. 

Mexican blue, 863. 

munjeet, 863-4. 

nag-kas^, 864. 

orchella, 864. 

osage orange, 864. 

Panama crimson, 864. 

Persian berries, 864. 

poppy, 864. 

pupil, 864. 

quercitron, 864-5. 

safflower, 865-6. 

saffron, 866-7. 

sanders-wood, 867. 

sapan-wood, 867 . 

tisso, 867. 

Tokio purple, 867-8. 

turmeric, 868. 

walnut, 868. 

weld, 868. 

woad, 868-9. 

yellow berries, 864. 

Dyewoocte refuse for acetic acid, 
15-19. 

Dynamite, 901. 

Eagle vUrioi, 1297. 

wood, 1523-4. 

Ear-shells, 1517, 1520. 

Earthenware, 1558, 1573-62. 

cem nt, 627. 

Elarth-nut, 1357-8. 

wax, 2046. 
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Btsfc Aam dragBo*s-Mood, 16^. 

— ^ Indian ec^al, l64l>-2. 

■ . M ., ' . dammar, 1644. 

1 etesa^l649. 

gum, 1621, 1632. 

kino, 1667-8. 

1673. 

8i^;arH2ane, 1860. 

Ea^em sea-^t indii$tiy, 1718. 
Easte^ process, defecating caiie- 
• juice, 1888. 

SQgar-refining, 1920. 

£aii de Chypre, 1532. 

— ^ de Gok^ne, 15^ - 
de Luce. 1532. 

— — de miUeflems, 1532. 
de moiuBeiiDe, 1532. 

de Ptntogal, 1532. 

— — de Tie de marc, 202. 

« — des carmes, 1532. 

3 — forte, 148-60. - 

regale, 335, 

Eanx, 1532. 

gasenses, M2-77. 

Eboe-tree (oil), 1379. 

Ebony, 2015. 

r.»- '•* ; 

I A ■ ^ ■ i ^ ' 

Economies in glas&^nanafactore, 
1086. 

Ecoroes de cbOne, 1987-8. 
jgcaeUes for extracting essential 
oil^ 1457. ' 

Eda (resin), 1648. 

r 

I,. . .. ■ i-i. 

cement, 627.‘ 

oil, 1365-6. 

Eggs, preserving, 1016. 

Eglantine extract, 1528. 

Egosi-oil, 1395. 

Ehrard's biting>iD process, 1618. 
Eicbenrindeu, 1987-8. 

Elder down, 905. 

Eisenbut, 791. 
fibre, 919. * 

Elseagia ntUis (wax), 2044. 

Ebeis gnineensis (fibre) 943, (am) 
1359, (oil) 1406-8. 

melanococca (oil), 1385. 

Elsocarpns spp. (lannin), 1993. 
Elseococca vemicia (oil), 1411-2. 
Elseedendron Aigan (oil) , 1377-8. 

iiuMi'i '>• .'r, lOsO. 
V.liKir- '.■nsiir -p. 
l.'ajihr'inii Ms-. ^ I'' M. 

tomentosnm (resin), 1683. 

Elastic cement, 623. 

Elate sylvesiris (resin), 1693. 
Elder-flower soap, 1791. 

water, 1532. 

oil, 1420. 

Elecampane, 810. 

Electrical apparatus, cement for, 
623. 

- Electro-metaUurgy, 869-82. 

batteries, 869-70. 

bibliography, 881-2. 

brass-plating, 881. 

cleansii^ surfaces, 870-1 . 

conductivity of metals, 869. 

a^per deposits, 876. 

detrition of metals, 869. 

dippiz^;, 872. 

electrotyping type, 877. 

gilding 878-80. 

nu^eto-eleet'^ic machines, 870. 

moulds and moulding 872-6. 

nickel-plating, 880-1. 

— — plating tanks, 871-2. 

^v^ing 877-8. 

steelH^kk^ 881. 

ESmni, 1623» 1625, 1649, 1677, (oil) 
1420 

El^hant grass, 999. 
ivory, 1173. 

si^ar-cane, 1861. 

Elepbtt spp. (ivory), 1173-5. 
Elettaria Cardamomum (spice), 
1803-4. 

Eleutheia, 797. 

Elfenbein-schwarz, 455. 

Elk hair, 1094. 

^lebore, 812. 


01is amriliary for engines, 607. 

Elm (acetic add) 14, (pot^) 255, 
(timber) 2015. 

El mogen (narcotic), 1307. 

Elution process (sugar), 1859-60, 
1933-4. 

Ebna fibre, 919. 

Embelia Kibes (^ce), 1814. 

Emblica officinalis (resin), 1693. 
Embryopteris glutinifera (resin), 
1684. 

Emerald, 1042. ^ 

green, 1549. ^ 

Emetic holly. 1308. 

Empleurum sermlatum (drug), 795. 
Emu-grease, 1375. 

Enamelled leather, 1236, 2032. 
Ebiamels, 1085, 2031-2. 

Encaustic tiles, 1587-94. 

Encens, 1676-7. 

Encepbalartos spiralis (starch), 1823. 
Enemies, coco-nut, 939. 

coffee, 698-700. 

cotton, 957. 

olive, 1400-1. 

sugar-beets, 1835. 

sugar-canes, 1868-70. 

tea, 1997. 

tobacco, 1330. 

Enfleur^ of odonrs, 1456. 

Engineers' Inte, 629. 

English china, 1596-7. 

rock-salt districts, 1721-3. 

l-ngrais, 1256-77. 

Engraving and printing. 1601-20. 

bibliography, 1620. 

inks, 1172. 

on copper, 1613. 

on steel, 1613-4. 

on stone, 1614-6. 

on wood, 1610-3. 

on zinc, 1616. 

steel cylinders, 1614. 

Enhydra marina (fur), 1032. 
Enlarging camera, 1535. 

Entada >candens (dmg), 795. 
Entenfuss, 820. 

Enzian, 1809. 

Enziangeist, 1809. 

Eositie, 683. 

Epbedra antisyphllitica (lannin), 

Epicauta spp. (drug), 797. 

Epices, 1802-17, 

Eponge, 1817-21. 

Krd amber, 1628, 

Erdnussol, 1391. 

Erddl, 1433-47, 

Erechihites hieracifolia (fibre), 948. 
Ergot, 810. 

Eria silkworms, 1745-6. 

Erica vulgaris (dye), 857. 

Ericine, 857. 

Eriodendron anfractuosura (oil\ 
1414, (resin) 1693. I 

spp. (fibre), 948. 

Eriolsna Hookeriana (resin), 1668. 
Eriopborum comosutn (fibre), 948. 
Eriostemon 8quameum(oil), 1432. 
Ermine fur, 1030. 

Erodium mo«chatum (musk), 1525. 
Eryngium (fibre), 948. 

Eryops resin, 1625. 

Erythrina indica (resin), 1693, (for 
shade) 1813, 1815. 

spp. (resin), 1668, (for shade) 

716, 719. ^ 

Erythrobenzine, 664. 

Erj^hrophlseum guiaeense (drug), 

&ythroxylon Coca (narcotic), 1307. - 

monogynum (resin), 1684. 

Esenbeckia febrifuga (drug), 793. 
Esere-nut, 795. 

Esparto, 978-9. 

beating. 1489. 

bleaching, 1488-9. 

boiling, 1486-7. 

characters and uses, 981. 

chief locabties of production 
980. 

colouring, 1490-1. 

commerce and values, 981. 

cultivation, 979-80. 

for paper, 1485. 

picking, 1486. 


E^>arto sizing, 1489-99. 

treatment for paper making, 

1486-91. 

washing, 1487-8. 

Espinillo (tannin), 1993. 

Esprit pyroacetique, 39. 

Essence de bigar^e, 1425. 

Porti^al, 1425. 

roses, 1427-30. 

of turpentine, 1688-91. 

varaisbes, 2035-6. 

Essences, 1528-9. 

soap, 1792. 

E^ntial oils, distillation, 1457-8. 

expression, 1457. 

extraction, 1456-9. 

by maceration, 

1458-9. 

by solvents, 1456-7. 

vegetable oils, 1415-33. 

Essig, 2038-42. 

Essigather, 39. 

Essiggeiat. 39. 


tin in murtates, 1301. 

in soda stannate, 1303. 

Estremadnra phosphate, 1261. 
Eszterhazy bouquet, 1530. 

Ether ice-machines, 673, 1135-7. 

varnishes, 2037. 

Ethyl acetate, 39. 

! aniline, 657. 

' mauvaniline, 663. 

rosanilines, 667. 

Eucalyptose, 1830. 

Eucalyptos gigantea (timber), 2021. 

kino, 1668. 

oils, 1420-1. 

spp. (fibre), 948, (resin) 1668, 

(tannin) 1993, (timber) 2015-6. 
— viminalis (drug), 818. 

Eugenia caryophylluta (spice), 
1807-8. 

Hmenta (oil), 1416, (spice) 

1814. 

spp. (tannin), 1993. 

variabilis (tea), 2011. 

Eugenie bouquet, 1530. 

Eugeissonia tristis (fibre), 948. 
Eumitopins Stelleri (fnr), 1032. 
Euonymus atropurpureus (dmg), 
826. 

europaeus (oil), 1388. 

Bp. (Umber), 2018. 

Eupatonum glutinosum (drug), 
818. 

Euphorbia spp (oil), 1414, (resin) 
1624, 1626, 1627, 1649, 1665. 
Euphorbium, 1624, 1626, 1627,1649, 
1665. 

European rock-salt districts, 1719-21. 

sea-salt industry, 17 17. 

■ - - 26. 

25. 

Euterpe oleracea [edulis] (oil), 1378, 
(resin) 1663. 

Evans* travelling handler, 1229. 
Evaporation beet-juice, 1854-7. 

cane-juice, 1890-1900. 

glucose 1917-8. 

patents, 1936-7. 

soda liquors (soda), 298-9. 

sorghum-juice, 1911-2. 

- — syrup (sugar-refining), 1926-7. 
Evodia febriJuga (dn^), 793. 

Evrard s skimmer, 1847. 

process for purifying oils and 

fhts, 1460. 

Ewers, pressing, 1579-80. 

F^-'-Tr.a-i I T s.-* ' i ,’2 
- '• . -.s! .■ .I.', t tt :: * q: 

I j.., li;i. 

Ext^onium Purga (drug), 814-6. 
Expl(^ives, 882-903. 

bibliography, 903, 

cotton po'Ader or tonite, 897. 

fulminates. 902-3. 

guncotton, 896-7. 

gunpowder, 882-96. 

Ditro - glycerine compounds, 
897-902. 

picrates, 902. 


Explosives, Schultes powd^, 897. 
Extract (woolloi manufi), 2063-9, 
Extracts, €528-9. . 

Exudations, how obtained. 803, 817, 
1639, 1651, 1653, 1655, 1656, 1658, 
1659, 1661, 1662, 1664, 1677, 1684, 
1686, 1687-9, 1691, 1692, 1902-3, 
2044, 2045, 2046. 

FaBRKS, preparing water- 
proofed, for curing, 1 149. 

[greasyj, recovery of grease 

from, 605-6, 1455. 

spreading and w^?r proofing, 

1148. 

Fagus, spp. (timber), 2012-3. 

— sylvatica (tarX 1683. • 

Faham tea-plant, 1528. 

Fallows for sugar-cane, 1865-6. 

Fan palm, 946. 

Fanna skimi (spkeX 1802-3. 
Farbematerialimi, 8M-69.* 

Farbeu, 1548-52. 

Farberei, 827-54. 

Farinaux’a filter-press (beet-sngarX 
1849. 

Fam, 811. 

Fashook (resin), 1630. 

Fasus (rtein) 1676. 

Fat lute, 629. 

Fats and oils, extraction, C05, 1447- 
59. 

tables of actual den- 
sities of, 1469-70. 

bleaching, 1459-62. 

clarifying, 1459-62. 

containing glycerides of soluble 

and in^olnble fotty acids, analysis 
of, 1464-6. 

correcting rancidity in, 1461. 

decolor zing, 1461-2. 

deodorizing, 1461. 

detection and analysis, 1462-77. 

estimating organic and mineral 

impurities in, 1462. 

moisture in, 1462. 

(vegetable) extraction of, 

1451-5. 

for soap-making. 1766-7. 

neutral, soap from, 1771-4. 

refining, 1459-62. 

removal of resinous matters 

from, 1460. 

— — saponification, 579-82, 583-6. 

vegeUble, 1377-1415. 

Fatty acids, estimation, 1462-3. 

soap from, 1771. 

table of, 1 765. 

matters, extraction of, 605. 

oils, mutual detection 1469- 

71. 

substances, 1360-1484. 

Faure's cane defibrator, 1878. 

Faux baume de Gil^, 1686-7. 
Feathers, 904-9. • 

bibliography, 909. 

common feathers, 904-5. 

down, 905. 

fabrics from, 904. 

omamenAl feathers, 905-8. 

quills, 908-9. 

Fecule, 1821-9. 

de pomme-de-terre, 1823-6. 

Fehling’s method of sugar analysts, 
1948. 

Felis^p. (fur), 1030, 1031, 1033. 

Uocia (oilX 1376. 

Felspar, 1560. # 

carbonate pcAash firam, 260. 

Felt hats, 1102-21. 

indiarubbes, 1149. 

Fennel-oil, 1421. ' • 

Fermentation, ^cetoua (acetic acidX 

alcohol, 194-6. 

beer, 401-11. • 

beet-juice (akxffiol), 210. 

coffee, 703. 

in le£^«W-dre88ing, 1219, 1220 

1222, 1223, 1224, 1230, 1232. 

process of sugar analysis, 1948. 

1 ^ 2001 . 

vilegar, 2039. 

wine, 435-7. 

Fern, potash from, 255. 
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Fem [male] (drag), 811, (oil) 1414. 
Ferraia elepi^tnm (dn^ 793, (oil) 
1414, (resin) 1621, 1663, 6692-3. 
Fm)Diagumini, 1692-3. 

Frarric chloride, 1298. * 

solpbate, 1298. 

Ferricyanide potassium, 267. 
Ferridcyankalium, 267-8. 
Ferrocyanide potassium, 268. 

^ Ferrocyankalium, 268-73. 
^^errocyankalium, 263-73. 

^Ferrous chloride, 1298. 

Fenila alliacea [Asafcetida] (resin), 
1633. 

Narth^^r^in), 1633. 

spp. (on!^, 793, 811, (resin) 

1624, 1630, 1650, 1681. 

— — S^bol (drug), 826. 

F^ca*8 centrifoi^al, 1825. 

Fessoas (resin), 1676. 

Festuca irritans (fibre), 998. 
Fettwaaren, 1360-1484. 

Fevillea spp. (oil), 1414. 

Fiber zibe^cus (for), 1032, (musk) 
1525. 

flbroim sabstances (firom plants), 
909-1000. 

Abroma angusta, 911. 

Abuttlon spp., 911. 

Acacia leucophlcea, 911. 

Adansonia digitata, 912. 

Agave americana, 912-4. 

sisaiana, 916-7. 

vivipara, 917. 

Aloe spp., 917. 

Ampelc^esmos tenaz, 917. 

Ananassa sativa, 917-9. 

Andrmnachiaigniaria, 919. 

Andropogon Martiui, 919. 

Antma squamosa, 919. 

Antiaris saccidora, 919, 

Apocynum cannabinam, 919. 

Areca Catechu, 919, 

— Arenga saccharifera, 919. 

Artocarpus spp., 919. 

Arondo spp., 919-20. 

Ascleplas spp., 920. 

Astelia spp.. 920. 

Ascrocaryum spp , 920. 

Attalea ftmifera, 920. 

~~ Bambusa, spp., 920-1. 

Bauhinia spp., 92 1. 

«— Beaumontia grandiflora, 921. 

Boehmeria spp., 931-32. 

Bombax spp., 932. 

Borassus flabeiiiformis, 932-3. 

— Bromelia spp., 933. 

Broussonetia spp., 933. 

Butea spp., 933. 

Calotropis spp., 933-4. 

Cameli^ sativa, 934. 

Cannabis sativa, 934-8. 

C^lodovica palmata, 938. 

— Caryota urens, 938. 

Cavanillesia platanifolia, 933. 

Celosia criste^ 938. 

Celtis onentalis, 933. 

C^mserops spp., 9 i8-9. 

Chlorogalum. pomeridianum, 

939. 

Cborisia specioA, 939. 

Cibotium Barometz, 939. 

Co<x>s nncifer^ 939-40. 

^pemicia cerifera, 940. 

Cort^oms spp., 940-5. 

Cordia spp., 946. 

Cordyline spp., 945-6. 

Oorypha spp., 946. 

^rotalaria spp., 946-7. 

Wyptostegia grandifiora, 947. 

Cypenm spp., 947. 

Q3rtteas scoparium, 947. 

I^mia eztensa, 947. 

Daphne spp., 947. 

Debregeasia sp^., ^7-8. 

Diplarrhena Morcea, 94S. 

Dolichosfpp., 948. 

Dombeya cannabina, 948. 

E^woitbia Gardneri, 948. 

Elaeis guineens^^48. 

Erecbthites hieracifolia, 948. 

&iodendron spp., 948. 

Eriopfaomm comosum, 948. 

E^ogium sp., 948. % 

Eucalyptus spp., 948. 

— - Engeissonia tristis, 948, 


Filnpus substances, Fhzroya pata- 
gonica, 948. 

— — Fourcroya longaeva, 948. 

Preycinetia Banksh, 948. 

Gossypium spp., 948-60. 

Grewia spp., 960. 

Guazuma tomentosa, 960. 

Hardwickia binata, 961. 

Helianthus spp., 961, 

Helicteres Lyora, 961. 

Hibiscus spp , 961-2. 

Holoptelea integrifolia, 962. 

Holustemma RheediauaiD, 962. 

Hamulus Lupulus 962. 

Iris pseudacorus, 962. 

Jubs^ spectdbiiis, 962. 

Kydia calyciua, 962. 

Lagetta liutearia, 962-3. 

Ldportea postulata, 963. 

Lardizabala biternata, 963. 

Lasiosiphon speciosus, 963. 

Lavatera spp., 963. 

Ijeopoldioia Pia^sabay 963. 

Lepidosperma gladiata, 963. 

Linum usitatissimum, 964-78. 

Eygeum Spartom, 978-9. 

Macrochloa tenacissima,979-81. 

Malachra capitata, 981-2. 

Malva spp., 982. 

Maranta obliqua, 982. 

Marsdenia tenacissima, 982. 

Mauritia flexuosa, 982. 

Melodinus monogynus, 982. 

Musa spp., 982-5. 

Nidulanum karatas, 985. 

Nipa fruticans, 985. 

Ochroma L^opus, 986. 

Ocymuai spp., 986. 

Oenocarpus Bacaba, 986. 

Orthanthera viminea, 986. 

Pachyrrhizus angalatus, 986. 

Pandanus spp., 986. 

Pederla faetida, 986. 

Phoenix dactylifera, 986. 

PhormiUQi tenax, 986-93. 

Plmeiea spp., 993. 

Pinus sylvestris, 993. 

Pipturus spp., 994. 

Plagianthus spp., 994. 

Poa spp., 994, 

Prionium Palmita, 994. 

Psamma arenaria, 994. 

Baphia spp,, 994. 

Sabal Palmetto, 994. 

Saccharum spp., 994-5, 

Salix spp., 995. 

Sanseviera spp., 995-6. 

Scirpus lacuatns, 996. 

Sesbania spp., 996, ' 

Sida spp., 996-7. 

Spartina spp., 997. 

Spartium juDceum, 997, 

Spathodea Rheedii, 997. 

^)onia spp., 997, 

Sterculia spp., 997, 

Stlpa spp., 997-8. 

Strophantus sp,, 993, 

Thespesia spp., 998. 

Tilia spp,, 998, 

Tillandsia usneoides, 998. 

Touchardia latifolia, 998. 

Triodia irritans, 998, 

Tritoma spp., 998. 

Typha spp., 999, 

Urena spp., 999. 

Urtica spp., 999. 

Xerotes spp., 999, 

Xylopia spp., 999. 

Yucca spp., 999. 

Zizania aquatics, 999-1000. 

Fichtenharz, 1679. 

Fichtentheer, 1683. 

Ficus Carica (fruit), 1024-5. 

cordiiolia (rubber), 1672. 

elastica (rubber), 1656-7. 

spp. (oxalic acid). I6l, (rubber) 

1624, 1628, 1652, 1656, 1657, 1658, 
1664, 1665, 1668, 1669, 1671, (wax) 
2044. 

Fig soap, 1776-7. 

Fig'tree wax, 2044. 

Figs, 1024. 

Fiji rubber, 1664. 

FUberts, 1358. 

Filled soaps, 1 785-8. 

Filling-machine (matches), 1279. 


F^lm evaporators forcan&'jm<^1892. 
Filt^'press^ for lime scums (beet- 
sugar), 1848-9. 

FUtera, ikg, 651. 

stoneware, 1573. 

Filtration, beet-juice through animal 
charcoal, 1851-4. 

cane-juice, 1889-90. 

glucose, 1916-7. 

green oils (from coal), 651. 

oils and fa'S, 1459. 

p^ents, 1937. 

sigar-refining, 1922-3. 

tartaric acid, 177-9. 

Fine salts, 1732. 

Fingerhut, 811. 

Fingers (A flax, 1243. 

Fining vinegar, 2039-40. 

Finishing hats, 1116. 

jute, 1185. 

machines, 1603. 

silk hats, 1124. 

-spirit, 1302. 

Fir (acetic acid), 14-6. 

silver, 2015. 

white, 2014. 

Fire-bricks, 1570. 

-clay, 639. 

proof lute, 629. 

and waterproof lute, 629. 

teiTa-cotta, 1586-7. 

testing petroleum, 1479-81. 

ware, 1569-70. 

Fireweed, 948. 

Firmin’s process (tartaric add), 177. 
Firniss, 2023-38. 

First, second, and third sugars, 1857. 
Ftschbeine, 524-5. 

Fish manures, 1257. 

— — oils and fats, 1361-77. 

preserving, 1016-7. 

skins, 1767. 

Fisher fur, 1030. ‘ 

Fisbery-salt, 1732-3. 

Fitch fur, 1030. 

Fitting soap, 1780. 

Fiizbenry scouring-machine (lea- 
ther), 1235. 

Fitzroya patagonica (fibre), 948, 
Fixed oils and fats [vegetable], 
extraction of, 1451-5. 
Flashing-points of oils, 1479-81. 
Flax, 964-78. 

brands, 977-8. 

breaking machines, 969-73, 

1246. 

characters and uses, 977. 

commerce and values, 978. 

cultivation, 965-7. 

cutter, 1246. 

I drawing, 1249. 

I dressing and sorting, 1246. 

distribution, 964-5. 

extraction, 967-75. 

^ctories in Great Britain and 

Ireland, 1255, 

for paper, 1485. 

hackling, 1244. 

(hackled), len^hs of, 1246. 

local modifications, 975-7. 

loDgs and shorts, 1244. 

mannfactures, 1240. 

middles, long middles, Ac., 1246. 

parcels and tipples, 1244. 

preparing, 1247. 

reeling, 1253. 

retting, 967-9. 

roughing, 1243. 

roving, 1249-51. 

scutching, 973-5. 

seed-oil. 1393-4. 

spreading, 1247-9. 

- — -spinning machines, 1252. 

stones, -stricks, -^gers, and 

-piews, 1243. 

weaving, 1254. 

yarn bundling, 1254. 

drying, 1254. 

table, 1254, 

Flesh as manure, 1257. 

Fleshing processes, 1224. 

Hetdier’s aspirators, 131, 134. 
Fliesen amber, 1628. 

Flint crusher, 1561. 

furnace, 1560-1. 

Floating soaps, 1792. 


Floorcloth, 1000. 

boulinikon, 1015. 

corticine, 1015. * 

kamptulicoD, 1015. 

linoleum, 1001-15. 

oilcloth, 1001. 

Flowers, maceration of, 1458-9. 

stills, 1457-8. 

vases (gbis«), 1072. 

Fluorspar, 147-8. 

Fluorescine, 682. • 

Flussharz, 1640-4. 

Flu3^ black, 279. 

Fceniculum officinale (oil), 1421. 
b ood preservation, 1015-22. 

biblic^rapby, 1022. 

dairy pn^uce, 1016. 

fish, 1016-7. 

firuit, grain, and vege- 
tables, 1017-8. 

meat, 1018-22. ^ 

Forbidden fi-uit, 1026. 

Fore-turn rope machine, 1707-9. 
Forming fur bats, 1107. 

hats, 1104. 

Fortification, wine, 437. 

Fossil ivory, 1176. 

Fougbre m&le, 811. 

917. 

. ^ ■ , 1494-9. 

Fox fur, 1031. 

Foxglove, 811. 

Fox Talbot’s photo-engraving xu’o- 
cess, 1618. 

Frames, soap, 1781. 

Frangipsnui satchet, 1531. 
Frankfort-black, 454. 

Frankincense, 1623, 1637, 1649-50 
1676-7, 1684. 

Fraser's phormium machine, 989. 
Fraxinns chinensis (ink), 1170, 
(wax) 2044. 

excelsior (timber), 201?. 

spp. (drug), 817-8. 

Freezing (carbolic acid), 673-4, 

artificial (ice), 1134-42, 

bibliography, 1142. 

by ammonia, 237. 

cane-juice, 1900. 

machines, 1135-42. 

mixtures, 1134. 

French Morocco (leather), 1236. 

phosphates, 1262. 

polish, 2037. 

— sable fur, 1031. 

sea-salt industry, 1717, 1737. 

silk, 1744. 

Frenela Fontanesii (resin), 1681. 

spp. (resin), 1682. 

Fresh-water pearls, 1517. 

Freycinetia l^ksii (fibre), 948. 
Friars’ balsam, 1638. 

Friedrichsball bitter water, 364. 
Frigate-bird-oil, 1375. 

Frisbie's feeder for furnaces, 1052. 
FritiUaria Meleagris (oxalic acid), 
161. 

Fruit, 1022-9. 

almonds, 1022. 

bananas, 1022-3. 

; biblic^aphy, 1029. 

citrons, 1023. 

commerce, 1022. 

currants, 1023-4 

dates, 1024. 

figs, 1024-5. 

gum, 1645-7. 

lemons, 1025. 

limes, 1025. 

oranges, 1025-7, 

pineapples, 1027. * 

plums, 1027. 

preserving, 1017-8 

raisins, 1027-8. 

tamarinds, 1028. 

Fruits de carvl, 1803. 

Fruits, sugar in, 1943. 

Fry’s process (acetic acid), 19. 
Fryer’s concreior, 1898-1900. 
Fuchsia macrostemma (tannin), 
1993. 

Fucus crispus (drug), 814, 

Fullers’ teazle, 2084. 

Fulling hats, 1109. 

stocks (bats), 1109. 
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INDEX. 


^jesand stahisOi^), 

1139. 

FBlmar><dl, I3f 9. 

grfwfcintA^ 

Family soi^lranc add, M. 
FiiaBit<H^a potadi fircao, 355. 

1^11^ on Bi:^ar*cane, 1869~t0. 
Foi^ii^ ^besian or intoxicating, 
1334. 

For, 1029-33. 

badger, 10^. 

besor, 1030. 

beaver, 1030. 

biblio^i^by, 1033. 

Uowing, not. 

ci^l030. 

diincbilla, 1030. 

collecting 1029. 

dreesing, 1029. 

* — ermine, 1030. 

— — fisbOT, 1030. 

fitch, 1030. 

— — forming, 1107. 

fox, 1031. : 

hamster, 1031. 

hare, 1031. 

fcolinsid, 1031. 

lion, 1031, 

lynx, 1031. 

marten, 103L 

mink, 1031-2. 

monk^, 1032. 

1033. 

nutria, 1032. 

<^i06sam, 1032. 

otter, 1032. 

otter [sea], 1032. 

rabbit, 1032. 

raccoon, 1032. 

seal, 1032-3. 

oil, 1376. 

sknnk, 1033. 

squirrel, 1033. 

tiger, 1033. 

wolf, 1033. 

wolverine, 1033. 

Fnmacffi, arsenic, 336-6. 

. bone-^^ack, 453. 

^ carbonating (soda), 300-1. 

— dandy, 117-8. 

for baU soda, 290, 292-4. 

bottle-glass, 1075. 

— — cane-mills, 1876-7. 

destroying noxious 

vapours, 1276. 

earthenware glaze, 1580. 

^ spent tan, 1228. 

vinasses, 258. 

glass, 1049. 

•= — nitric ad^ 186 . 

salt-cake, 282-5. 

Fomeval^s sqtuue-beater (bleach- 
ing), 478. 

Furs for hats, 1106. 

Fusel oil, 212, 1421. 

Fnssblatt, 820. 

Fnstic, 857. 

FDzesi,902, 


Ga 


TAD’S cemmt, 627. 

Gfulns spp. (on), 1363-6. 

Galac, 1651. 

Galabrnn’s frame (candles), 593. 
Galactodendron ntile (resin), 1665. 
Galactose, 1830. 

Galam-lmtter, 1410. 

Galam, gomme de, 1631. 

GalangaJ, 1808, (oil) 1421. 
^dba-oil, 1379. 


Galbannm, 811, 1624, 1626, 1650, 
(oil) 1421. 

Gaie-oil, 1421. 

Galgant^ 1808. 

Galingale, 1808. 

Galio^da tigrina (oil), 1367. 
Galipea ^p. (dmg), 793. 

Galipot, 1684. 

GallapM, 1983-4. 

Gaile d’AIep, 1983-4. 

Galleria (resin), 1671. ' 

Gallic add, 50u 
Galline, 682. 

Gdlassanre, 50-1. J 
Galls, 1983-4. 


Galvanism for defecating cane-joice, 
1890. 

Gambia kino, 1668. 

Gambler, 1984-5. 

Gamboge, 1551, 1624, 1626, 1650-1. 

2025, (bntter), 1388. 

Ganda (tar), 1684. 

Gaoja, 1305-6. 

Gantert’s washing-machine (bleach- 
ing), 507. 

G^inia indica (oil), 1395. 

pictoria (oil), 1388. - 

spp. (drag), 815, (p^ment) 

1551, (resin) 1624. 

Glardenia florida (tea), 2010. 

spp. (dye), 858, (resin) 1624 

1648. 

Gardine, 858. 

Gare for glove-kid (leatitier), 1238. 
Garlic-oil, 142L 

Garric and Terson’s fiAflhmg . 
machine, 1224. 

Garruga pinnata (lac), 1668, (gum) 
1693. 

Gas (coal), 1033-40. 

bibliography, 1040. 

character of crude gas, 1035. 

distillation of coal, 1033-4. 

pnilfication, 1035-40. 

snlphnr from, 241. 

Gas-furnace for glas^ 1053. 

for sheet- and crown-glass, 

1059. 

Gas green, 669. 

Gas^tige wasser, 362-77. 
Gas-liquor, ammonia from, 235. 

concentration 241. 

Gas-tar, distillation, 42-3. 

Gases, direction of (sulphuric add), 
65, 90. 

examining (sulphuric acid), 70 

Gasing cotton, 765. 

Gasolene, 1446, 2026. 

Gata-oU, 1375. 

Gaoltheria procnmbeos (tea), 2011. 

spp. (oil), 1431-2. 

Gaop, 1684. 

Gayac beans, 1528. 

Gay-Lnssac’s hydrometer, 215. 

tower, 72, 

Gazella Dorcas (musk), 1525. - 
Gazelle musk, 1525. 

Geel bout wood, 2022. 

Geigenhare, 1680-1. 

Gelsleris alcoholometer, 217. 

Gekar, 1676-7. 

Gelatine, 1304. 

emulsion, 1538-9. 

from bones, 522-4. 

Gelbcs sandelholz, 1527-8. 
Gelsemium. 811. 

sempervirens (drag), 811. 

Gemeiner terpentin, 1687-91. 
Gemeines hare, 1680-1 , 

Gemmage of the pine, 1687-9, 
Gemme, 1688. 

Gems, 1040-3. 

artificial, 1040-1. 

bibliography, 1043. 

diamond, 1041-2. 

emerald, 1042. 

lapis lazoli, 1042. 

opal, 1042-3. 

ruby, 1043. 

sapphire, 1043, 

topaz, 1043. 

turquoise, 1043. 

Genet, 1524. 

Geneva, 222. 

Genievre, 222-3. 

Genista scoparia (dye), 856, (fibre) 
947. 

Gentian, 8ll, 1805, 1809. 

Gentiana Chirayita (spice), 1805. 

lutea (drag), 811. 

spp. (spice), 1809. 

Geoffiroya mermis (dye), 855-6. 
Geranium-oil, 1421, 1429. 

Geranosine, 662. 

Gerbersumach, 1988-92. 

Gerbetoffe, 1977-94. 

German phosphates, 1263. 

silver, 323. 

vin^ar process, 7. 

Gerstenhoeferis kiln (sulphuric 
acid), 84. 


Genm urbanum (drag), 793, (oil) 
1417. 

GewurzneUmn, 1807-8. 

Ghee, 1375. 

Ghynl-suyu (oil), 1429. 

Giaggiolo, 1526-7. 

Giant powder, 901. 

Gibbons’ pbormimn machine, 989. 
Gibbsite, 332. 

Giboia-grease, 1375. 

Gigartina, spp. (drag), 814. 

Gilding, 878. 

Gilead, balm of, 1623, 1636. 

Gill spinning frame, 1698. 

Gill’s rolling machine, 1603. 

Gin, 222. 

Ging (gum), 1621, 1651. 

Gmgelly-oil, 1388-90. 

Oingembr^ 1809-10. 

Ginger, 1809-10. 

b^r, 423. 

grass-oil, 1422, 1429. 

oil, 1421. 

Oingko-nut, 1357. 

Ginseng. 811. 

Gtrardjnia heterophylla (fibre), 999. 
Girofles, 1807-8. 

Glacial acetic add, 21. 

Glaise, 635-40. 

Glaphyria nitida (tea), 2010. 

Glass, 1043-87. 

and porcelain cement, 627. 

and wood cement, 627. 

annealing-ovens, 1055. 

— bibliography, 1087. 

blowers’ tools and seats, 1069. 

— blowing (sheet), 1066. 

(lead), 1069. 

Bohemian, 1067. 

bottle, 1075-8. 

buttons, 559. 

— — cane, 1072. 

— — case-hardened, 1079. 

— casting-house, 1059. 

— — chemistry and physics 

1043-6. 

——coloured, 1083-4. 

— crown, 1057. 

— manufacture, 1063. 

— crucibles, 1046-9. 

- — cutting, 1074. 

■ cylinders, moulding, 1066. 

— devitrification, 1045-6. 

economies in manufacture. 

1086-7. 

enamels, 1085. 

— ■ flint- or lead-, and ornamental, 
1067-75. 

— flux, 627. 

forming materials for pottery. 

1560. 

— furnaces, 1049-57. 

— grinding, smoothing, and pol- 
ishing plate-, 1061-2. 

Hartley's roiled plate, 1061. 

— jugs, 1071. 

— kilns for burning-in stains. 
1086. 

— lamp-worked, 1073. 

— lead, 1067. 

— lute, 630. 

— mosaic, 1084->6. 

— opaque, 1083. 

— optical, 1082-3. 

— ornamental, 1067. 

— painted, 1084. 

— paints, 1085. 

— paving-blocks, 1087. 

— plate-, crown-, and sheet-, 
1057-67. 

— pressed, 1078-9. 

— raw materials, 1046. 

— retorts (hydrochloric acid), 

105-6, ^ 

(sulphuric acid), 96. 

roughening, 1074. 

shades, 1067. 
sheet, 1057. 

— manufacture, 1063. 

spreading and annealing 


of, 


kiln, 1066. 

soluble, 277-8. 

spun, 1073. 
stained, 1084. 
stains, 1085. 
— thalhum, 1082. 


acid), 57, 


-sugar. 


Glass tiles, 108t. 

— tougkmied. 1079-82. 

tubet, 1072. 

onbmakable, 1079. 

Glauber's salts, 317-8. 

Glaucium luteum (oil), 1409-10. 
Glaze for Sevres, 1595. 

Glazes, 1598-9. 

Glazing earthen^mire, 1580-1. 

paper, 1503. 

Globiocepl^us S]^. (oil), 1361. 
Glost-oven, 1563. 

Glove^kid, 1237. 

dyeing, 1239. 

Glover tow^ railphn^ 

77. 

Glucose, 1830, 1914-21. 

analysis 1963-5. 

boiling, 1915-6. 

capili^-syrap and 
1920. 

definition, 1831. 

determination, 1944-%. 

evapwation and refining, 

1917- 8. 

formation, 1914-5. 

grmmlated starch-sugar, 1920. 

mannfacture, 1915-20. 

neutralization and filtration, 

1916-7. 

other methods of manufacture, 

1918- 20. 

packing, 1917-8. 

patents, 1938-40. 

principles of manufacture 

1915. 

uses, 1921. 

Glue, 620, 1304. 

Glutton fur, 1033. 

Glycerine 1798-1802. 

cement, 627. 

— — estimation, 1466. 

.in water, table, 1801. 

soaps, 1789, 1792. 

— solidified, 1792. 

Glycine S(^ (oil), 1378, (spice) 
1814. 

GlycyrrUfea spp. (drag), 816-7. 
Goat-hair, 1095. 

— common, 1098, 

— skins, 1757-8. 

Godari, 858. 

Gold amalgam, 333. 

— assay, 353. 

— detection, 348. 

Golden syrap, definition, 1831. 
Gold-ink, 1172. 

-of-pleasure^)!!, 1390. 

Gomme ammoniaque, 1630. 

arabique, 1630-3. 

. d’acajon, 1638. 

d’ Alsace, 1645-7. 

de coco, 1639. 

du pa^ 1638-9. 

friable, 1631. 

gutte, 1551, il50-l. 

Gomraeuses et resineusee matieres, 
1620-95. 4 

Gommline, 1645-7. 

Gcx^l, 1636. 

Goulabi pani, lf28. 

Cooler, 1671. 

Goolwaik 811, 

Goor, 1904-7. 

Goose-^ease, 1376. 

Gordonia floribnnda (resin), 1668. 
Gossage’s aspirator, 130. 

Gossypiom spp. (cotton manufac* 
tures), 729-90, (fibre) 948-6(W(oil) 
1385-6. 

Gondron vegetal, 1683. 

Goulard's extraoS, 1300. 

Gould beater, 1491. • 

Gouni-oil, 1395. 

Gradishaus, 972S-7. 

Graduation system of making white 
salt, 1726-7. • 

Grain, alcohol from, 206. 

composition, 207. 

d’ambrette, 1524-6. 

drying (alcohol), 207. 

germination (alcohol), 207. 

pr^rving, 1017-8. 

ste%>ing (alcohol), 207. 

Graining haid soap, 1779. 

bides, 1233. 


/ 


• f 
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Graining sngar, 1893-5. \ 

Graisse de pore, 1366-7. 

de roQSsette Male, 13^. 

d’os, 1361. 

Grampns>oil, 1369. 

Granulation, cane>sagar, 1890-1900. 

(gunpowder), 893. 

Grapes, 1027. 

potash from, 255. 

^ skins, t£trtaiic acid firoxn, 182. 

stone-oil, 1390-1. 

Graphite, 1087-93. 

Grass hem p, 91 6. 

Grass-tree n||^1693. 
Gratiog-machines (starch), 1824. 

sugar-beets, 1837-8. 

Gravnfie, 1601-20. 

Grawatha (fibre), 933. 

Grease bleaching, 1459-62. 

clarifying, 1459-62. 

corm^g randdlty in, 1461. 

dect^rizing. 1461-2. 

deodorizing, 1461. 

refining, 1459-62. 

removal of lime from, 1460. 

of resinous matters from, 

1460. 

[waste3 recovery, 605-6, 1455-6. 
Greasy fabrics, recovery of grease 
from, 605-6, 1455. 

liquids, recovery of grease from, 

1455-6. 

Green, imperial, 31. 

mitis, 31. 

mountain, 31. 

pigments, 1548-9. 

snail, 1517. 

vitriol, 1297. 

Greenheart starch, 1823, (timber) 
2015. 

Greens from coal-tar, 668. 
Green-soiling sugar-cane, 1865-6. 
Greig*8 machine (fibres), 925. 
Gre^ea robusta (resin), 1693. 
Grewia spp. (ftbre^ 960. 

Grey-mottled soap, 1787-& 
Grieswurzel, 819. ^ 

Griffith's white, 155U 
Grinders' cement, 623. 

Grinding and mixing rubber, 1149. 
mineral phosphates, 1268. 

plate-glass, 1061. 

— — tanning materials, 1226. 

Grislea tomeniosa (dye), 858, (resin) 
1693. 

Ground-nnt, 1357-8, (ofi) 1391. 

shellac, 1693. 

Grnnspan, 30-1. 

GuachanMiil, 1376. 

Guaiacnm, 811, 1623, 1624, 1625, 
1651. 

officinale (drt^), 811, (timber) 

2016-7. 

spp, (dnig;^816. 

Gnajaharz, 1651. 

Guanaco, 1093. 

Gnano; assay, 358. 

oxalic acid from, 161-3. 

Guanos, 1258. ^ 

pfaosphatic, 1265. 

Guapeba vermclha (resin), 1694. 
Guaracua (resin), 1694. 

Guard’s bouquet 1530. 

Oqarea trichllioides (musk), 1525. 
Guariba (grease), 1376, (resin) 1693. 
Guayaquil rubber, 1659-61. 

Guaza (narcotic), 1306. 

GnJbuna tomentosa (fibre), 960. 
Gnbbio ware, 1599. 

Gnggor (resin), 1636. 

Gniana arrowroot,*1823. 

Guibdhrtia copallifera (resin), 1642. 
Guignet's green, lfri9. 

Gnilandina Bondncella (drug), 794. 

Moringa (oil), 1378-9. 

Guilandine, 794. 

Guillotines, 1603-4. 

Guinea pepper, 1803^ 

Guizotia oleifera (oil* 1396. 
Galandia, 811. 

Gulo luscus (fur), 1033. 

Gum mncila^, 624. • 

Gums, composition,origin,«c.,l 620-1. 
Gummi-arten, 1620-95. 

Gummlgutt, 1551, 1650-1. 

Gummy substances, 1620-95. 


Gum-resii^ 1620-95. 

Gum-trees (timber), 2015, 2016. 
Guncotton, 896-7. 

Gunjah (narcotic),' 1306. 

Gun-metal, 323. 

Gunpowder, 882-96. 

assay, 359. 

breaJdng down, 890-1. 

charcoal, 882-4. 

grinding, 887. 

compressed, 894-5. 

density, 895-6. 

esplo>ion and prevention, 890. 

granulating, 893-4. 

mixing the ingredients, 886- 

90. 

presring, 890-3. 

saltpetre refining, 884. 

stoving, 895. 

sulphur refining. 884-6. 

Guijnn, 812, 1624, 1640, 1651-2. 
Gnrn-nut, 1358-9. 

Gutta (Malay rubbers), 1652-4, 
1656, 1658. 

Guttapercha, 1163-4, 1627, 1652-4. 

manafactnres, 1162-4. 

vulcanized, 1163. 

Gattasbea, 1410, 1654. 

Gutii, 1551, 1650-1. 

, .. . .. N .--5 


spp. (oil), 1382. 

Gyrocarpos Jacqninii (resin), 1694. 


H. 


AARI tapan (resin), 1639. 

Habaghadi rresin), 1674. 

Hacking’s folding-machine (bleach- 
ing), 502. 

Hackling flax, 1244. 

machines for flax, 1244. 

Hackmatack wood, 2016. 
Haddock-oil, 1364. 

H^ematoxylon Oampechianinn 
(drug), 817, (dye) 862. 

Hagenia abyssinica (drug), 815. 

Hair, 1093-9. 

alpaca, 1093-4. 

bibliography, 1099, 

bison, 1094. 

camel, 1094-6. 

cattle, 1095. 

cloth, 1101. 

curling, 1100. 

dyeing, 1100. 

goat, 1095-8. 

horse, 1098-9. 

human, 1099. 

manufactures, 1100-2. 

pig, 1099. 

yak, 1099. 

Eake-oll, 1364. 

Half-blocking silk hats, 1126. 
Halicore australis (ivory), 1176. 

spp. (oil), 1365. 

Halimocnemum sp. (soda), 280. 
Haliotis epp. (pearl), 1517, 1520. 
Halliday’s apparatus (acetic acid), 
15. 

Hallo, 1307. 

Halocnemum capsicum (soda), 280. 
Hamster fur, 1031. 

Hancomia speciosa (resin), 1627. 
1664. 

Handler, Evans' travelling, 1229. 

liquors, 1230. 

Handles on pottery, 1577. 
Hand-made cordage. 1696-7. 

; — lace, 1200. 

p?P«r, 1494, 

Hanfol, 1391. 

Hansen’s writing ball, 1608. 

Hard soap, 1777-9. 

Hardening hats, 1105. 

Hardening-on ^n, 1568. 

Hardwick binata (fibre), 961. 

pinnata (resin), 1640, 1654. 

Hare for, 1031. 

Hargreaves and Robinson’s furnace 
(soda), 287. 

“ Harp oil, 1370. 

Harpuls-bo^h (resin). 1 674. 
Hanley’s rollej plate-glass, 1061. 


Harz-arten, 1620-95. 

Hasbab (resin), 1631. 

Hashabi el Jesire (resin), 1631-2. 
TTftRh ish (narcotic), 1305, 1307. 

Hat blocking, 1114. 

• body-making, 1121. 

• brim heater, 1118. 

-dyeing, 1112, 1120. 

dyes, 1113, 1120. 

• finishing, 1116, 1124. 

fanning, 1104. 

famng, 1109. 

• hardening, 11 06. 

• napping, 1120. 

- picking, 1108. 

• pressing, 1115. 

• roughening, 1120. 

- shaping, 1117, 1126. 

• stains, 1113. 

- stiffening, 1110. 

- stoving, 1115. 

— trimming, 1117-27. 

- twisting, 1109. 

- veluring, 1119. 
flats, 1102-27. ' 

- crown-sewing, 1126. 

- half-blocking, 1126. 

- silk, 1121. 

Hatters’ cloths, 1127. 

- proofs, 1 127. 

-tools, 1121-6. 

Hatting furs, 1106. 

Haute, 1757-61. 

Haute du fleuve, gomme dn, 1631. 
Hawes’ soap boiler, 1772-3. 
Hawthorn (acetic acid), 14. 
Hazel-nut, 1358, (oil) 1391. 
Head-matter, 1371-2. 

Heat for concentrating cane-juice, 
1890-1900. 

— defecating cane-jnice, 1884-6. 
Heating values of oils, 1478-9. 
Hectograph, 1610. 

Hedeoma pulegioides (drug), 819. 
Hedera helix (resin), 1624. 

Hedwigta balsamifera (oil), 1432, 
(resm) 1623. 

HMyotis umbellata (dye), 866. 
Ueilmann comber (cotton manuf.), 
747. 

Helianthus annuus (fibre), 961, (oil) 
1411. 

— tuberosus (fibre), 961. 
Helicteres Isora (fibre), 961. 
Hellopeltis theivora (cinchona\ 807. 
Heliothis annigera (boll-worm), 957. 
Heliotrope extract, 1528. 

satchel, 1531. 

Heliotype, Elwards’, 1619-20. 
Hellelore, 812. 


Hemlock spruce, 1686. 

Hemp, 934r-8. 

as a narcotic, 1305. 

characters and uses, 936-7. 

cultivation, 934-5. 

Deckanee, 961. 

extraction of the filne, 935-6. 

for paper, 1485. 

Manilla, 983. 

New Zealand, 986. 

production and commerce, 

937-8. 

Queensland, 996. 

Hempseed-oil, 1391, 2024. 

Henbane, 812, (oil) 1414. 
Henderson’s ^ir loom, 1102. 

vertical paraffin retort, 1511-2. 

Heneqnen, 916. 

Henna, 858. 

Henri-Deux ware, 1598. 

Hensleris cement, 627. 

Heritiera littoralis (resin), 1694. 

spp. (oil), 1414. 

Herring-oil, 1366. 

Herschel’s cyanotype, 1617. 
Hesperis matron^dis (oil), 1414. 
Hessian crucible, 1558. 

Jhu' ■* 

11- : • a anu'.fci a • !e;>,i . ‘•;,;6-7. 
!l -ji (••‘P ill' 

. 62 :. I. 

HexenmeuI, »i7. 


Hibiscus spp. (fibre), 961-2, (oil) 
1397, (musk) 1525. 

Hickory-nut, 1358, (oU) 1391-2, 
(timber) 2015-6. 

Hides, 1757-61. 

anatomical stmetore, 1213. 

brewing-over, 1224. 

chemicfd composition, 1217. 

common, tann^ of, 12^ 

costomary division 1225-6.» 

for sole-leather, 1218. 

graining, 1233. 

limeing, 1220. 

preparation for tanning, 1219. 

shaved, tanna^ o^ 1232. 

sbav^ knife, 123^ 

soaking, 1219. 

splitting, 1233. 

stocks for, 1220, 

sweating, 1222. 

tumbler for, 1232. 

unhairing, 1220. 

fling (lesin), 1633. 

Hippomane Mancinella (resin), 1665. 
Hippopotamus amphibius (ivory), 
1175, (grease) 1376. 

Hira-b61 (resin), 1674-5. 

Hira-hing (resin), 1634. 

Himeola spp. (drag^ 815. 

Hinsache (tannin), 1993. 

Hives for bees, 1129. 

Hoastorsk (oil), 1370-1. 

Hodtbai (resin), 1637, 1674. ^ 

Hofinann’s green, 669. 

naphthalene red, 681. 

process (soda), 313. 

Hog gums, 1654, 1686. 

resin, 1624. 

tragacanth, 1686. 

Holcus sacchaxatna (sugar), 1861. 
Holden’s ice-machine, 1139. 
Holigama longifolla (resin), 1692. 
Holing sugar-cane esmtei^ 1867. 
Hollands, 223. 

Holly, emetic, 1308. 

Holmes’ paint-mill, 1553-4. 
Holoptelea int^rifolia f^bre), 962. 
Holostemma Kheedlanum (fibre), 
962. 

Holy Basil bouquet, 1630. 

Holzsaure, 7-21. 

Holztheer, 1683. 

Honey, 1127, 

soap, 1789, 1792. 

Honeysuckle extract, 1528. 

Hood oil, 1370. 

Hooshe (timber), 2016. 

Hoo-sheet (resin), 1677. 

Hopea spp. (oil^ 14^ (resin) 1624, 
1645. 

Hops, 1130, (fibre) 962, (oil) 1422. 

substitutes for, 1131. 

Horehound (black B tinklng ] oil, 
1414. 

Horia maculaU (drug), 797. 

Horn, 1132. 

Homer fiax-backling machine 1244. 
Horograph, 1609. 

Horse-chestnut (acetic add), 14, 
(nut) 1353, (oil) 1^2, (staidi) 
1823. 

Horse-grease, 1366. 

hair, 1098. 

vegetable, 938. 

hides. 1758. 

Hosiery, 1186-1200. 

brushing madiine, 1197-8. 

calenderii^ pres, 1197-8. 

factories, 1199. 

Hotai (resin), 1637, 1674. 
Houlican-oil, 1366. ^ 

Household soaps, 1789. 

Hov^ia extract, 1528. 

Howard’s finings for defecating cane* 
juice, 1887. 

splint-cutting machine, 1277. 

Howland Island gnano, 1265. 
Huanaco, 1093. 

Hnck’s sieve (starch)^ 1824. 

Huiles, 1360-1484. 

blanche de tbym, 1431. 

d’amandes, 1377. 

d’arachide, 1391. 

d’argan, 1377-8. 

de bdeine, 1374-6, 

de belouga, 1369. 
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Hidle de hm, 13?8-0. 

decade, 1684. 

^ CMnelin^ 1390. 

dfi carapa, 1386. 

eastanharo, 1379-80. 

— — de castor, 1380-2. 

de cMtal^es, 1379-80. 

de chanvre, 1391. 

de ch^evis, 1391. 

• de coco, 1383-t. 

de c<dza, 1384-5. 

de coton, 1385-6. 

de croton, 1386-7. 

— de Mne, 13^8. 

de f§cule, 1392. 

— de foie de 1363-^. 

de graines de tally, 1386-7. 

des Mcduqnes, 1386-7. 

de bannetoD, 1375. 
de jubarte, 1374-5. 

de jnvias, 1379-80. 

de lanaantin, 1367-8. 

— de lentisque, 1409. 

de lin, 1393-4. 

de loaar, 1369-70. 

d€;madool, 1395. 

de marmotte, 1409. 

de marron d’lnde, 1392. 

de maiaouin, 1369. 

de medidnier, 1410. 

de morse, 1374. 

de moatarde, 1396. 

de noisettes, 1391. 

de noix, 1413. 

de Banconl, 1392-3. 

de nordcaper, 1374-5. 

de Palma>Christi, 1380-2. 

de palme, 1406-8. 

de pavot, 1409. 

de p^ins de raisins, 1390-1. 

de ^lits pignoDs d’lnde, 

1386-7, 

de ptaoqne, 1370. 

de pieds de bosnf, 1368. 

— - de pignon d’Jnde, 1410. 

de plstacbe de terre, 1391. 

de reqnio, 1370-1. 

de ricio, 1380-2. 

de rorqual, 1374-5. 

— ^ de sardine, 1369-70. 

■ de sesame, 1389-90. 

de tallicoona, 1395-6. 

de tbon, 1373-4. 

de touloncoona, 1395-6. 

d’ceillette, 1409. 

d’oeniis, 1365-6. 

d’oUves, 1397-1406. 

rouge de tbym, 1431. 

Human hair, 1099. 

Humirium spp. (resin), 1623. 
Humulus Lupulus (fibre), 962, 
(hops) 1130-1, (oil) 1422. 
Hungarian bals^ 1691. 

Hungary water, 1532. 

Hura crepitans (oil), 1414. 

Hurdle for glove*kid (leather), 1239. 
Huxham & Brown’s tan-fumace, 
1228. 

Hwan^cuyn (oil), 1376. 

Hyawa gum, 1649. 

Hydnocarpus odorata (oil), 1382. 
Hydrars^ite, 332. 

Hydrastis canadensis (dye), 856. 
Hydrated soaps, 1777. 

Hydrate potassium, 251, 

• sodinm, 305. 

Hydraulic limestones, 619. 
Hydrochloric add, 101-47. 

S commerce and values, 147. 

composition, 102—4. 

condensers, 108-17. 

estimation, 146-7. 

in nature, 101. 

manufacture, 104-18. 

pans, 106-8. 

prevention of nuisance, 

118-46. 

properties, 101-4. 

purificatioa, 147. 

roas.ers, 108. 

specific gravity, 3. 

Hydro-extractors, 495-6, 1825, 1839, 
1901, 1934-5, 1937-8. 

Hydrofluoric acid, 147. 

Hydrometers, 2, 1768. 

Hylesinus oleiperda (oil), 1401. 


Hymenaea Courbaril (tannin), 1982, 
(timber) 2017. 

spp. (re^), 1623, 1641, 1666. 

Hyoecyamus niger (drug), 791, 81iL 
(oQ) 1414. 

spp. (drug), 812. 

Hyperanl^era Moringa (oil), 1378-9 
Hyphane crinita (nut), 1357. 
Hyposulphite alumina, 1296. 

iron, 1300. 

sodium, 314, 1300. ^ 

Hyssop-oil, 1422. ^ 

Hyssopus officinalis (oil), 1422. 


J.BOTA wax, 2045. 

Icaco oil, 1414. 

Ice, 1133-42. 

artifidal, 1134. 

bibliography, 1142. 

making machines, 1135-42. 

Inland moss, 812. 

Icerya sacchari (cane diseaseY. 
1868-9. 

IchneumonidflB for destroying cane 
pests, 1869. 

Icica Bpp. (resin), 1623, 1649, 1683. 
Identification of oils in mixtures, 
1467-77. 

Idris-yaghi (oil), 1429. 
Iguana-grease, 1376. 

Ilang-flang bouquet, 1530. 

extract, 1528. 

oil, 1422. 

Ilex vomitoria (narcotic), 1308. ftea) 

2011 . ^ 

spp. (tea), 2011. 

IlUcium anisatum 335, (oil) 1414. 
1417. 

spp. (spice), 1802-3. 

lUipi-butter, 1392. 

Uluminating values of lights, 1544-7. 

of oils, 1477-8, 1547. 

Illuminators, relative cost of, 1547. 
Imbibition processes for sugar-cane 
1879. 

Imbricaria coriacea (resin), 1665. 
Imitation gems; 1075. 

wines, 443. 

Impatiens spp. (oil), 1414. 
Imperatoria Ostiutfalum (aconite). 

Imperial green, 31. 

Impervious cement, 624, 

Impression, 827-54. 

Imprimerie, 1601-20. 

Incense powder, 1529. 

wo^ 1649. 

Incenses, 1529-30. 

JnTOrporating mill (gunpowder), 

Indian aconite, 791. 

• butter-tree, 1408. 
bdellium, 1636. 
elemi, 1649. 

(East) gum, 1632. 
gut, 938. 
inks, 1169. 
melissa oil, 1423. 
mulberry (fibre), 858. 
nettle-tree, 938. 
olibanum, 1677. 
pastilles, 1530. 
red, 1550. 

sarsaparilla, 823. 

silk, 1744-7. 

[East] sugar-canes, 1860. 

[We&tJ sugar-canes, 1861-2. 

tobacco, 1336-7. 

traghcanth, 1621, 1685, 

varnish, 1692. 

white wax, 2045. 

Indianite cement, 624. 

Jndiarubber, 1142-64, 1627-8. 1654- 

66 . 

block, 1145. 

calendenng, 1149-50. 

cement, 624. 

Chatterton’s compound, 1164. 

compounds, rewor king^ 1161. 

cured goods testing, uss. 

coring or vulcanizing, H64-s. 

curing-presses, 1156-7. 

dissolving rubber, 1147-8. 

drying, 1143. 

spread fabrics, 1148. 


Indiarubber felt, 1149. 

for dental purposes, 1154. 

goods, pigments for, 1159. 

grinding and mixing 1149. 

lapping-machine, 1152. . 

manufactures, 1142-64. 

bibliography, 1164. 

— guttapercha, 1162-3. 

insulating tel^;raph-wires, 

1151-4. 

joining rubber textures, 

1158. 

preparing fabrics for cur- 
ing, 1149. 

testing cured goods, 1158- 

9. 

varnishing rubber tex- 
tures, 1158. 

vulcanized gnttipercha, 

1163-4. 

masticating, 1144-5. 

— — miscellaneous applications, 

1154. 

moulding, 1160-1. 

paints or varnishes, 1158. 

pigments, 1159-60. 

sheet, 1145-6. 

calendering, 1149. 

testing, 1153. 

spreading and waterproofing 

fabrics, 1148. 

sub^itutes, 1161-2. 

tape, 1146. 

textures, joining, 1158. 

varnishing, 1158. 

thread, 1146-7. 

valve-cutting, 1150-1. 

vulcanizing, 1154. 

washing and drying, 1143-4. 

Indigo (dye), 858, (for green-soil- 
mg) 1866. 

Indlgofera spp. (dye). 858-61. 
Industrie lalniere, 2047-112, 

setifere, 2748-56, 

toilifere, liniere, 1240-55, 

Inga dulcis (resin). 1668. 

~ FeuUlei (tannin), 1993. 

xylocarp.i (timber), 2020. 

Ingnatiana philippinica (drug), 822. 
Jngwer, 1809-10. 

Ingwerbier, 423-4. 

Jqjector-kier (bleaching), 486. 
Inlurious insects. 698-700, 803, 807 
939, 957, 1330, 1400-1, 1835, 

1868-70, 1997. 

Ink, 1165-72. 

bibliography, 1172. 

black writing, 1165-6. 

coloured wnting, 1167-8. 
spying, 1166-7. 

engraving, 1172. 

Jiidian, 1169-70. 

invisible, 1168. 

marking, 1168-9. 

miscellaneous, 1172. 

printing, 1170-2. 

inlaid tiles, 1587-94. 

Inocarpusedulis (nut), 1353. 

Inosite, 1830. 

insect oils and fcts, 1361-77. 
Instantaneous shutters (photo- 
g^pby), 1535. 

Insulating materials, 1153. 

telegranh-wires, 1151. 

Internationa bouquet, 1530. 
Intoxicating fungus, 1324. 

long pepper, 1305. 

inula Helenium (drug), 810. 

Inversion of sugar in cane-juice 
1871-2. 

^ process of sugar analysis, 1943- 

Invert sugar, 1830-1. 

patents, 1938-40. 

Invisible inks, 1168. 

Iodide potassium, 273. 

sodium, 314. 

lodioa rhombifolia (tannin), 1988. 
Jonidium Ipecacuanha (drug), 814 
Ipecacuanha, 812, 

Ipomaia bona nox (resin). 1659 
1660. ’ 

pui^ns (resin), 1624. 

;; spp. (drug), 814-5. 

Indm, 814. 

Iridio-platinum, 324. 


Iris florentfna (oxalic acid), 161. 

I»eadacoru8 (fibre), 962. 

— spp. ^perfume), 1626-7. 

Irish moss, 814. 

Iron acetates, 31, 1299. 

alum. 1298. 

amalgam, 334. 

assay, 354. 

dete^ion, 348. 

hyposulphite. 1300. 

liquor, 31-^ 1299. 

lute, 630. 

mordants, 1297. 

muriates, 1298. 

nitrates, 1298. 

persulphate, 1298. 

pots and pans, cement fo/? 627. 

pyroUgnite, 1299. 

pjTophosp^te, 1300. 

wire brushes, 553. 

Ironbark, 2016. ^ 

Ironwood, 2020. 

Cape, 2016. 

Irvingia Barteri (oil), 1387. 

Ii»ati8 spp. (dye), 858-61. 

tinctoria (dye), 868-^. 

Isudnicite, 1830. 

isonandra spp. (rubber), 1627. 

1652-4. * 

I>opiirpnrate ammonia, 680, 

aniline, 680. 

potash, 680, 

Isopurpiirine, 684. 

Italian silk, 1743-4. 

Iturlte (fibre), 982, 

Iva-oil, 1422. 

Ivory, 1172-6. 

bibliography, li76. 

black, 455. 

cement for, 624. 

dagong, 1176. 

elephant, 1173-5. 

hippopotamus, 1175. 

mammoth, 1175, 

narwhal, 1176. 

vegetable, 1357. 

walrus, 1176. 

Ixtle (fibre), 985, 


0 ABORANDI, 814. 

Jack-tree (as shade), 1812, 1815, 
(timber) 2016. 

Jackass copal, 1641. 

Jackson’s Bcouring'^nachine 
(leather), 1235. 

- — tea-rolling machine, 1999. 
Jaggery (beverage), 425-6. 

Jalap (drug), 814, (resin) 1624. 
Jamaica nutmeg 1812. 

- — pepper, 1814. 

Jandul (resin), 1676. 

Janipba spp. (starch), 1828. 

Japan wax, 2045. ^ 

Japanese aconite, 791. 

galls, 1984. 

paste, 622. 

silk, 1744. 

varnish, 16^ 

Japanned leather, 123$, 20^ 

Japans. 2031-2. 

blac^ 2035. 

Jaqua (resin), 1694. 

Jarrah wood, 2016. 

Jars, stoneware, 1673, 

Jasmine-oil, 1422. 

Jasminom odoratisamnm (oil). 
1422. 

Sambac (tea), 2010. 

Jaspar ware, 1598. 

Jateorhiza ColumlA (dye), 856. 

- — palmata (drug), 795-6. * 

Jatropha Curt^^il), 1359 Cresin) 
1694. (for s^lde) 1816. ^ ^ 

glaura (o>l). 1414.- 

moluccanum (nut); 1352. 

moatana (oil), 1387. 


spp. (starch), 1828. * 
" ’-oF, 1 


Java-almond-oF, 1392. 

cardamoms, 1804. 

frankincense, 1637. 

rubb|r, 1628, 1656-7. 

Jedda gum, 1633. 

Jeffersonia diphylla (dye), 856. 
Jejomadon (oil), 

Jemang (resin), 16^. 
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Jetee (fibre), 982. ^ 

JewWar, 815. • 

Jewels, imitation. 1075. 

Jewellers* cement, 624. * 

Jburi (resin), 1672. 

Jigger for pottery, 1578-9. 

Jiggers (leather), 1236. 

Jockey Club bouquet, 1530. 
Jobm»on, Matthey& Co/r s tills (sul* 
^ phuric acid), 95. 

^^oining indiarubber textures, 1158. 
Jones' hydrometer, 215. 

and Kocke’s fleshing-machine, 

‘ and fuma<» (soda), 

286. 

JonquiUxtract, 1528, (oil) 1422. 
Jord^T»edter, 1491. 

Jouette et Poutieves’ process (tar- 
taric acid), 182- 
Jouin’s cane-sU<»r, 1880. 

Jubaea spcrtabilis (fibre), 962, (oil) 
1385. 

Jubbulpore hemp, 947. 

Juchtenleder, 1236. 

Juchtenol, 1418. 

Juglans albd (timber), 2015-6 

regia (dye), 868, (nut) 1360, 

(oil) 1413. 

spp. (timber), 2022. 

Jugs, glas^ 1071. 

stoneware, 1573. 

Jumrasi (resin), 1666. 
Jungle-almond-oil, 1396. 

Juniper (acetic acid), 14, (oil) 1422, 
(resin) 1681, (tar) 1684. 

Juniperua bermndiana (timber), 
2013-4. 

spp. (gin), 222-3, (oil) 1419, 

1422, 1431, (resin) 1624, 1681, 
1684. 

virglniana (timber), 2014. 

Jnpatioll, 1392 
Jusquiame, 812. 

Juuby seca (rubber), 1623, 1641, 
1666. 

Jnte, 940-5. 

adulterations, 944. 

beaming, 1184. 

calendering, 1185. 

carding, 1178. 

characters and uses, 945. 

cnltivation, 941-2. 

— — drawing, 1180. 

drawing-in, 1185. 

extraction of the fibre, 942-3. 

factories, 1186. 

finishing, 118&-6. 

for paper, 1485. 

manufacture, 1176-86. 

statistics, 1186. 

manufacturing, 1183-^. 

roving, 1181-3. 

sizing, 1185. 

softening, ll'>^. 

spinning, 1183. 

statistics and prices, 945. 

su^ested improvements In 

preparing, 943. 

t^^rt and tra^, 944. 

varieties and qualitie, 944-5. 

warping, 1184. 

weaving, 1185. 

yield and cost, 943. 

Jychee (oil), 1414. 

Ka^EE, 691-722. 

Kaffir 8emp, 960. 

Kahtkatea wood, 2020- 
Kainit, 278- . 

Kajlee ST^r-cane, 1860. 
Kakosmanthus macrophyllus (resin) 
1665. • • 

Kakul, 1631-2. 

Kala dammar, 1^4-5. 

Kala-tii, 1388. 

Kalapa oil, 1415. 

Kali, 250-79. ^ 

Kalisalpeter, 273-7. 

Kalong, 1375. 

Kama-i>anguza, 1634. 

i-gawi, 1634- • 

Kama! (tannin), 1994. 

Kamala, 861, (oil) 1415. 

Kameel-boom, 2015. ^ 


Kamill^ 798-9. 

Kaminian, 1637. 

Kampher, 671-8. 

Kamptnlicon, 1015. 

Kanari-oil, 1392. 

Kandahari-hing, 1633. 

Kaneel, 1805-7. 

Kane’s acidimeter, 145. 
Kangaroo-skins, 1758. 

Kany^ 1413. 

Kanyin (timber), 2016. 

Kapur barus, 576-7. 

Karamania gum, 1686. 

Karaon, 1676-7. 

Karetandjeng, 1652. 

Karetmondjeng, 1652. 

Karet-panrjal, 1652. 

Karrddoom, 1632. 

Kartoffelstarke, 1823-6. 

K^lt (tannin), 1982-3. 
Katchang-tanak, 1357-8. 

Katiow-oil, 1392. 

Katzendarm, 608-10. 

Kauri (resin), 1666-7, 2024, (timber) 
2016. 

Kautschuk, 1142-64, 1627-8, 1654- 

66 . 

Kava-kava, 815, 1305. 

Kayugam, 1523-4. 

Kayu-glum (oil), 1418. 

Kayu-puti, 1418. 

Keenatel-oil, 1392. 

Kekune-oil, 1392-3. 

Kelp, potash from, 2G3-5. 

Kentish cob-nut, 1353. 

Kermes, 861. 

Kerosene, 1446. 

Kersaneeoil, 1396. 

Kerze, 578-94. 

Kesambi-wood, 1394. 

Kessaree flowers, 867. 

Kestner’s apparatus (acetic add), 

20 . 

Keystone mill, 1227. 

Kewr Garden bouquet, 1530. 
Khassuch plant, 1650. 

Kheir, 1632. 

Kbeu, 1692. 

Kboka (narcotic), 1307. 

Kid, calf., 1237. 

glove-, 1237. 

skins, 1757-8. 

Kief (narcotic). 1306. 

Kiekie (fibre), 948. 

Kienruss, 455-6. 

Kieselsaures kali, 277-8. 

Klfushi (galls), 1984, 

Kikuel-oil, 1392, 

Kilns, brimstone, 52-3, 56-7, 

for buming-in stains (glass), 

1086. 

pottery, 1563-8. 

revivifyiDg charcoal, 1853- 

4, 1923-6. 

terra-cotta, 1584-5. 

pyrites, 80-7. 

Kingsland beater, 1491, 

Kinmond’s tea-rolling machine, 
1999. 

Kino, 815, 1667-8. 

Kiouron oil, 1411. 

Kips (E. India), 1234. 

K’ri "i' 

^ i ■ . ! . 

' » , If 4 

Kirs, 1306. 

Kirscfagummi, 1638-9. 

Kirschwasser, 224. 

Kitchen stuff, 1372. 

Kittool, 938. 

Klein-waaren, 1761-4. 

Klnzemann’s press for drying ex- 
hausted beet slices for cutle-iood, 
1846 

Knitted fabrics, 1186-1200. 
Knitting-needles, 1190. 

Knochen, 521-5. 

Knochenfett, 1361. 

Knocbenschwarz, 452-4. 

Knopf, 557-71. 

Knorpeltang, 814. 

Koga wax, 2045 . 

Kohlen^au^e, 45-8, 

Kohlensaures baryt, 361. 

kali, 253-60. 

natron, 279-318. 

• 


Kokkelskbmer, 808. 

Kokoona zeylanica (oil), 1414. 
Kokum-butter, 815, 1395. 

Kola-nut, 1358-9. 

Kolan, 1652. 

Kolinski fur, 1031. 

Konlgwasser, 335. 

Koosum, 1668, 1669, 1670, 1671. 
KopaUiarz, 1640-4. 

Koralle, 1521-3. 

Eorarima cardamom, 1804. 
Kurianidr, 1808. 

Kork, 722-9. 

Kos, 1668. 

K<^, 815. 

Eotian, 1652. 

Kowrie, 1666-7. 

Krameria spp. (dmg), 820. 
Koblmann's kiln (sulphuric acid), 
57. 

Kukui-oil, 1392-3. 

Kulit lawang, 1805. 

Kuip, 1376-1. 

Kurnme], 1803. 

Kundoo-oil, 1395-6. 

Kunkumas, 1430. 

Kunnee gum. 1621, 1651. 
Kuraug-oii, 1393. 

Kus-kus extract, 1529. 

Kut (tannin), 1982-3. 

Kuteera (gum), 1621, 1685. 

Kydia calycina (fibre), 962, (resin) 
1668. 

Labels, cement for, 624, 627. 

inks for, 1172. 

Laberie and ^nhet’s fibre-machine, 
929. 

Labiatte, camphor from, 574. 
Laboratory luce, 630. 

Labrador tea, 1308, (oil) 1430. 

. . *. •• . 1625, 

insect, Indian trees frequented 

by, 1668. 

Sonora, 1625. 

Lacambre et Persac’s starch-drier, 
1825-6. 

Lace, 1200-13. 

factories, 1212. 

hand-made, 1200-4. 

— — machine-made, 1204-12. 

statistics, 1212-3. 

Lace-bark tree, 962. 

Lacrezeira gum, 1650. 

Lactaria spp. (re^in), 1665. 

Lactarine, 1304. 

Lactic fermentation, 195-6. 

Lactine, 1830, 1903-^, 1970. 

Lactuca sativa (oil), 1414. 

spp. (drug), 815-6. 

Lactucarium, 815. 

Laetia resmosa (resin), 1624. 
Laevo^ucose, 1830, 1831. 
Lagerstromia parv^iflora (resin), 
1668. 

reginae (timber), 2020. 

Lagetta iintearia (fibre), 962-3. 

Lame, 2046-7. 

Lair et Bilange's elation process for 
beet molasses, 1859-60. 

Lake’s artificial indiarubber, 1162 . 
Lalang grass, 1984. 

Lallemantia iberica (oil), 1393. 

Lamb skins, 1758. 

Lambeth ware, 1570-3. 

Lamp-Mack, 455. 

Lamp-wi^k^ glass, 1073. 
Lamprey-oil, 1376. 

Lamy’s thallium glass, 1082. 

Lan (dye), 862. 

Landolphia spp. (rubber), 1627, 
1655. 

Lapidaries’ cement, 624. 

Lapis lazuli, 1042. 
l^aportca pustuJata (fibre), 963. 
Lappmg-machiae (indiarubber), 
1152. 

Laque, 1668-73. 

Larch (turpentine), 1691-2, (tirnber) 
2016. 

Lard, 1366-7, (oil) 1366-7. 

rendering, 1447-8. 

Lardizabala bitemata (fibre), 963. 


Larinus spp. (dmg), 818. 

Larix europ%a (oil), 1431. 

sibirica (resin), 1683. 

spp. (timber), 2016. 

Larrea mexicana (drug), 797, (re^) 
1693. 

^ ■ • ' - , 9e3. 


Laudanum, Dutchman’s, 1307. d 
Laundry soaps, 1789.' 

Laurel camphor, 572. 

oils, 1393, 1422-3. 

Lmrelia setupervirens, 1812, 
Laureline, 862. 

} ’ . " . ’ ' :7'-6. 


Lau-esamen, Cyo, bzt». 

Lavandula spp. (oil), 1423. 

Lavatera spp. (fibre). 963. 

Lavender extracts, 1528. 

oil, 1423. 

satcbet, 1531. 

water, 1532. 

Lawsonia alba (oil), 1424. 

spp. { dye), 858. 

Lawson’s flax breakers, 969. 
Laycock’s hair loom, 1102, 

I.Ayers, 1230. 

Laying ropes, 1704-5. 

Lead acetate for defecating cane- 
juice, 1888. 

acetates. 32, 1300. 

assay, 355. 

detection, 349. ^ 

— glass, 1067. 

mordants, 1300. 

subacetate, 1300, 1838. 

vinegar, 1300. 

Leaden pans (sulphuric acid), 96. 
Leather, 1213-40. 

— anatomical stractnre of hide, 
1213-7. 

and metal, cement for, 626. 

pasteboard cement, 627. 

bibliography, 1239-40. 

calf-kid, 1237. 

cement for, 625. 

chemical composition of hide, 

1217- 8. 

commerce, 1213. 

construction of tanneries, 1228 

-9. 

currying, 1234-6. 

derayage, 1234. 

drying upper leathers, 1234. 

dyeing, 1239. 

elastic fibres of hide, 1218. 

enamelled, 1238. 

essorage, 1234. 

glove-kid, 1237-9. 

grinding and exhausting tan- 
ning materials, 1226-8. 

hide albumen, 1218. 

hides used for sole-leather, 

1218- 9. 

japann^i, 1236, 2032. 

(upper), measuring, 1235-6. 

Morocco, 1236. 

(upper), oiling, 1234-5. 

patent, 1236. 

preparation of hides for tanning, 

1219- 26. 

retenage, 1234. 

Enssia, 1236-7. 

samming, 1237. 

scouring machine, 1235. 

sole-leather in the shed, 1231-2. 

tan-house, 1229-31. ^ 

(t'PP'^r), stuffing, 1234. 

tannage of dressing-leather, 

1232-4. 

tanning materials, 1226. 

tawing, 1237. 

Lebanon cedar-oil, 1419. 

Leb^’> beetroot pulp press, 1839. 
Leberthran, 1363-5. 

Leblanc’s process (soda), 106, 280, 
239, 311, 312. 

Lecanfnm coffeze (coffee), 699. 

I^ks (tanning), 1228. 

Lecythis oliaria (oil), 1414. 

spp. (nut), 1359. 

Ledebouria hyacintbina (drag), 826. 
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liedmn latifidhim (oarootic), 1308. 
LediBiiiAklii^ze(ixarootic), 1308, (oil) 
^ . 1430. 

liefrane and Nagona’s machine 


Xj^nmine, 2025. 

Leinenmann&ctur, 1240-65. 

LeinSl, l3»a-4. 

Xj^ogomme, 1645-7. 

^Lieitch’s photo-^^raving process, 
1618. 

Lemonade, 368, 424. 
Lemon>gras8>(^ 1423. 

-oil, 1423. 

salts o^ 277. 

- — soap, 1791. 

Lemons, 1025. 

LencisciiB albomns (pearl), 1521. 
l^ns^, 1533. 
iXns making, 1082. 

Leo spp. (far), 1031. 

Lecmtice thalictFoides (dye), 856. 
Leontodon ^p. (drug), 826. 
Leopoldinia Fias^ba (fibre), 963. 
Lepidiom sativum (oil), 1415. 
LepidoQ>aina gladiata (fibre), 963. 
Leptandra vuginica (drug), 794. 
LeptoptUos spp. (feathers), 906. 
Leptoepermnm spp. (tea), 2010, 2011. 
Lepnsspp. (for), 1031, 1032. 
Letter-fi^g cement, 627. 

^press printing, 1601-4. 


l^nconotis sp. (resin), 1658. 
Lencoperca Sandre (oil), 1376. 
Levantische Gallen, 1983-4. 

Levers’ lace-frame, 1207. 

Idban (resin), 1676. 

Llbi-dibi, 1983. 

Libocedrus spp. (timber), 2014. 

tetragona (timber), 2012. 

Licbt, S78-H. 

Licbtbildkonst, 1532-44. 
Uchtmessang, 1544-7. 

Licnala spp. (resin), 1648. 

722-9. 

Lijht naphtha, 1446. 

Light, polarized, 1956-62. 

wle of cost of, 1547. 

Lignaloe extract, 1529. 
Li^nm-aloes, 1523-4, 1624. 

-vitse (dmg), 816, (timber) 

2016-7. 

Ligostrom spp. (wax), 2044, 2045. 
lilM (extract). 1528, (oil) 1424. 
Lilpop’s oemogene, 1859. 
Lily-of-the-valley extract, 1528. 
Lime (earth), 232. 

acetate, 34. 

^tic acid from, 22-3. 

aceto-cbloride, acetic acid from, 

24-5. 

and (^bonfc acid process for 

defecating beet-jnice, 1846-9. 

— — hisolphite for defecating cane- 
jnice, 1887-8. 

carbonate and carbonic acid 

table, 1969. 

chlori(te utilization (bleaching 

powder), 468. 

for bleaching powder, 459-60. 

for defectdiing cane-juice, 

1886-7, 

blossom extract, 1529. 

in sugar-cane soils, 1864-5. 

kiln for carbonating beet-juice 

1847- 8. 

f far soap-making, 1768-9. 

oxidat^ 161. 

removal of from fats, 1460. 

suczate^ 1943. 

process (beet molasses), 

1859-60. 

^gngar-refining), 

1930-3. 

scums, filter presses for, 1848-9. 

remov^ from b^t-juice, 

1848- 9. 

utilization, 1848. 

juice, 49, 816. 

tree bast, 998, 

oil, 1424. 

wood (acetic acid), 15. 

Limes (fruit), 1025. 


Limeing hides, 1220. 

' ^machine (bleaching), 478. 

Limestone assay, 360. 

Limoges ware, 1599. 

Linden (acetic acid), 14-15, (oil) 
1424. 

Linen-bleaching, 515. 

chemicking-machine, 515. 

cloth, 516-6, 

process for brown linen, 

516-7. 

for crean/ linen, 

617-8. 

rubbing-machine, 516. 

squeezere, 515. 

dressing and sorting, 1246-7. 

factories, statistics, 1255. 

for papw, 1485- 

machine hackling, 1244-6. 

manufactures, 1240-65. 

bibli^aphy, 1255. 

distribution, 1240-3. 

history, 1240-3. 

modem, 1243-^5. 

statistics, 1255. 

tow preparation, 1251-2. 

preparing, 1247-9. 

reeling, drying, and bundling, 

1253-4. 

roughing, 1243-1. 

roving, 1249-51. 

spitming, 1252-3. 

weaving, 1254-5. 

yarn bundling, 1254. 

drying, 1254. 

reeling, 1253. 

table, 1254. 

Lines, 1696. 

Ling (nut), 1359, (oil) 1364. 
Linoleum, 1001-15. 

applying to canvas, 1007-9. 

cork for, 1001-2. 

hand-printing, 1009-13. 

machine-printing. 1013-5. 

mixing ingredients, 1006-7. 

oxidized linseed-oil, 1002-^. 

seasoning, 1009. 

Linseed-oll, 1393-4, 2024. 

Linum usitatissimum (fibre), 964- 
78, (oil) 1393-4. 

Lion lur, 1031. 

Liqueur de ferraile, 31-2. 

Liqueurs, 224. 

Liquid glue, 622. 

— ; — storax, 826, 1626, 1682. 

Liquids [greasy], recovery of grease 
from, 1455-6. 

Specific gravity of, 2, 

Liquidambar, American, 1682-3. 

East Asian, 1683. 

spp. (resin), 1624, 1626, 1682-3. 

Liquidation of soap, 1780. 

Liquorice, 816. 

Lisbon water, 1532. 

Lithia, 250. 

water, 367. 

Lithography, 1614-6. 

chromo-, 1604-6. 

Lithospermum erythrorhizon (dye), 
867—8. 

Litmus, 862. 

Lit^a spp. (oil), 14I5. 

Livistona australis (fibre), 946. 

sinensis (oil), 1415. 

Llama hair, 1093, (skins) 1758. 
Loban (resin), 1675. 
Locomotive-grease, 1797-8. 
Locust-tree, 2017. 

American, 2012. 

Logwood (acetic acid), 14, (dye) 
8l7, 862. 

Long nutmeg, 1812. 

pepper, 1814. 

Longs of flax, 1244. 

Looms for hair cloth, lioi. 
Lopez-root, 817. 

Lord’s combined opener, &c. (cotton 
manuf.), 740. 

— piano-feed scutcher (cotton 
manuf.), 742. 

Lota spp. (oil), 1364. 

Louar-oiL 1369-70. 

Lbwenza^, 826. 

Low-press kier (bleaching), 485 

Lorentzii (tannin). 


Lubdn j&wi (resin), 1637. 
Luban-mati (resin), 1676. 
Lubricating valnes of oils, 1479-81. 
Lubricators, 1797-8. 

Luce, eau de, 1532. 

Lucifers, 1277-92. 

Luck’s test (anthraquinone), 652. 
Lucrabau-oil, 1382. 

Lucuma Bonplandli (oil), 1395. 

mammosa (oil), 1415. 

spp. (resin), 1694, 

Lukrabo-oil, 1382. 

Lulu (oil), 1410. 

Lumbang-nut, 1352. 

Luteolme, 868. 

Lutes, 628. 

Lotra spp. (fur), 1032. 


ijyii.v lui, luai. 

Lysiloma Sabicu (timber), 2020. 
Lytta spp. (drug), 796-7. 


M. 


ABA gnianensis (timber), 2021. 

M<iboH)il, 1394. 

Masaranduba blanca (resin), 1694. 
Macaranga spp. (resin), 1694. 

tomentosa (resin), 1665. 

Macassar-oU, 1394, 1410, 1422. 

Adace, 1810-2. 

oils, 1396-7, 1424, 1811. 

Maceration processes for extracting 
beet-jmce, 1839-42. 

essential oils, 1458-9. 

sugar-cane, 1879. 

Machaerinm tertile (tannin), 1988. 

spp. (timber), 2020. 

Machine knitting needles, 1190. 

made cordage, 1697-1704, 

lace, 1204. 

for moulding terra-cotta, 1586, 

salt-pans, 1734-6. 

Macis, 1810-12 

Maclura aurantica (dye), 864, (oil) 
1415. 

McLean & Angus’ kiln for revivi- 
fying charcoal, 1923-4. 
M'Naught’s (J. & W.) wool-sconring 
machine (bleaching), 509. 
Macrobasis albida (drug), 796. 
Macrochloa tenacissima (fibre). 979- 
81. ^ 
Mactear’s aepirator, 133. 

carbonator (soda), 300. 

process (soda), 313. 

Madagascar nutmeg, 1812. 

— rubber, 1627, 1654. 

Madder, 862. 

bleach, 471. 

alteration in weight, &c., 

of calico pieces, 487. 

ancient and modem pro- 
cesses compared, 488. 

arsenic solution, 484. 

chemicking, 482. 

final washing, 482. 

indigo indicator solution, 

484. 

kiers, 485-6. 

limeing. 481. 

— lime or grey sour, 481. 

lime washing, 481. 

notes on chemicking, 

484. 

grey washing, 482. 

— lime boil, 482. 

— limeing. 482. 

resin boil, 489-4. 

souring, 483. 

— white sour, 486. 

opening and drying, 492-4. 

proposed new bleaching 

agents, 486-7. 

Quantities of agents best 

suited, 488-9. 

resin or ley boil, 482. 

second boil in soda ash, 482. 

singeing, 472-7. 

squeezing, 489-92. 

— — stains, 487. 

stamping, 47l. 

stitching, 471-2. 


Madder, Veacfa, tensile stren^bs of 
cotton Irireads, 487. 

— — test solutions for nse, 

484-5. • 

washing, 481. 

— — washing, after boils, 
482. 

— — — washing after linra sour, 
481-2. 

— white sour, 482. , 

lake, 1550. ^ 

— oxalic acid from, 172. 

Madia sativa (oil), 1394. 

Madjendel (resin), 167^- 
Madjoun (narcotic)^M97. 

M^irepora viiginea (coral), 1521. 
Magdala pink, 681. . 

Magenc^ 660. 

residues. 662. 

Magnesia water, 367. 

Magnolia extract, 1529. 

Maguey gum, 1638. «> 

Maberi (resin), 1676. 

Mahogany, 2017. 

African, 2017. 

Australian, 2016. 

Oylon, 2016. 

Eak Indian, 2017. 

gum, 1673. 

lute, 630. 

Mahwa oil, 1394. 

Mahwal fibre, 921. 

Maissiat's lute, 630. 

Maize-oil, 1415, (starch) 1823, 
(sugar) 1908-14. 

M^'ert's (W.), prot^sa (sulphuric 
anhydride), 98. 

Majolica ware, 1599. 

Makar (resin), 1677. 

Malabar-oil, 1367. 

Malacca rubber, 1664. 

Malachra capitata (fibre), 981. 
Malagueto de montaua (oil), 1377. 
Malapajo balsam, 1652. 

Malay Archipelago nibb^ 1664. 

camphor, 576. ^ 

Malden island guano, 1265. 

Male fern, 811, (oil) 1414. 

nutmeg. 1812. 

Mallotus philippinen^ W^)» 661, 
(oil) 1415. 

Malpighia puniclfolia (tannin), 1994 . 

— - crushing (vinegar), 2038. 

grinding (alcohol), 207. 

. 207-8, 


Malva spp. (fib*^ 982. 

Mamey-oil, 1394-!fl. ‘ 
Mammoth-ivory, u76. 

Manatee-oil, 1367-8, (skins) 1767. 
Manatus spp., I3il-^ 1757. 
Manbr^’s methods (starch-sugar), 
1918. 

Manchester brown, 670, - 

yellow, 682. 

Manchot (oil),#i376. 

Mancona, 823. 

Mandioc, 1828. 

Mandragora si^. (drug). 794. 
Manfold’s sugtf-cane sawdust 
method, 1879. 

Mangabeira rubber, 1627, 1664. 
Manganese acetate^ 36. 

- assay, 396. ^ 

- brown, 37. 

detection, 349. 

green, 154% 

- mordwts, 1300. • 

- ores for bleaching-powder, 458. 
r^enerating (Meaching-pow- 

der). 461-8. 

— replacing (bleaching-powder), 
468-70. 

Mangifera indica (resin), 1668, 1673, 
(shade) 1^2, 1816, (timber) 2017. 
Mango (gum) 1673, (shade) 1812, 
1815, (timber) 2017. 

Mangold fly, 1835. 

Mango#teen-oil, 1395. 

Mani (resin), 16Jffi, 1654. 

Mmiicaria sacxnfera (oil), 1415. 
Manifold writers 1608-10. 
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Manlhc^ GlazioTii, 1658-9. 

— ^p. (starcii), 1828. 

Manilla elemi, 1649. ^ 

b^p, 983. • 

characters andfmes, 984-6. 

— cultivation, 983. 

— — exports and values, 985. 

— extraction, 983-4. 

nut, 1367-8. 

^ tamarind-oil, 1415. 

Manioc, 1828. 

’ ■ ^^^uiipulative processes ('pottery'), 
1576-81. . 

Manlove & Co.’s cane-mill, 1875. 
Manna, 817. 

Mannings^^jEf^regs (ammonia), 233. 
Maimite,l83d. • 

Mann’s cbromo-litho machine. 

160%-7. 

Manouiys lime-sncrate process for 
beet molasses, i860. 

Manquitta (tannin), .1994. 

Manuel et Socin’s beetroot pulp 
press, ll39. 

Manufacturer* soaps, 1788-9. 
Manungan (resin), 1658. 

Manures, 1256-77. 

animal diarcoal, 1266. 

—— [artificial], basis of valiw, 1276. 

bibliography, 1277. 

blood, 1257-8. 

— — bone-ash, 1266. 

bones, 1256-7. 

cinchona, 803. 

— — coffee, 697-8. 

— — commerce, 1276-7. 

— cotton, 957. 

crushing phosphates, 1267-8. 

fish, 1257. 

flesh, 1257. 

general considerations, 1276. 

grindmg.ph03phate8, 1268. 

guano, 1258-9. 

manufacture of artificial, 1267- 

71. 

mineral phosphates, 1259-65. 

mlxidg, 1268-71. 

(artificial), packing. 1371. 

poodrette, 1271-2. 

— - prevention of nuisance in 
making 1272-6. 

— proceed on sugar estates, 1865, 
screening 1271. 

— - scntch, 1266-7. 

— “ setting ’* and going back,’* 
1270. 

shoddy, 1266. 

sugar-beets, 1833. 

sugu-canes, 1863-6. 

sugar-«cum, 1266. 

— — sulphate ammonia, 1259. 

superphosphates, 1259-71. 

tea, 1997. 

tobacco, 1326-7. 

Maoutia puya (fibre), 932. 

Maple (acetic acid), 14. 

great (timber)^021. 

sugar, 1902-3. 

-r wood, 2017. 

Maracaibo phe^phate, 1264. 

Marais salwts or sali^, 1716. 

Maranta obiiqua (fibr^, 982. 

spp. (starch), 1822-3. 

Marble cement, 627. 

cement for, 625. 

^ lute, 630. 

Marbling book-edges, 1686. 

Marechal bouquet, 1530. 

satchet, 1531. 

Mares’^eas^ 1366. 

Marfil v^etal, 1367. 
Margarine-Mouiies, 1362-3. 
Margosa-oil, 1395. • 

Marie’s begass furnace, 1876-7. 

Marima (fibre), 919. ^ 

Marine glue, 625. * 

pl^ts, potash chloride from, 

263-5. • 

Marinhas (salt), 1716. 

Maijoram-oil, 1424. 

Mai^et-bieaching, 495-54$. 

beetling, 499-501. 

calendering, 498-9. 

damping, 497-8. 

— — dash-wbeels, 495. * 

— folding, 501-4. 


Market hydro-extractor, 495-6. 

muslin finishing, 504-6. 

starching, 496-7. 

Marking-inks, 1168. 

Marrem (fibre), 994. 

Marriotte vessel (sulphuric add), 

Marsdenia tenacissima (fibre), 982. 
Marsh gladden (fibre), 996. 

ledum, 1308. 

mallow soap,, 1790. 

Marten fur, 1031. 

Mascati (resin), 1676. 

Mashing (vinegar), 2039. 
Massaranduba (resin), 1664. 

Masson & Scott’s esparto-picking 
machine, 1486. 

I POO iroi; 4 

-..ri-;:. . :i:-. 

M. \ !■ » •. 

Matches, 1277-93. 

compositions, 1292-3, 

cuttir^ and filling maphtnAq 

1286-92. 

dipping, 1281. 

filling and dipping, 1279-92. 

splint-pointing, 1282-5. 

splints and splint-cutting. 

1277-9. 

vestas, 1292. 

vesuvians, 1292. 

Matai wood, 2019. 

Materials for terra-cotta, 1583. 
Mather’s condenser (hydrochloric 
acid), 142. 

Mati (resin), 1676, 

Matico, 818, (oil) 1424. 

Matierea tannantes, 1977-94. 

tinctoriales, 854-69. 

Matricaria Chamomilla (drug), 799. 
Mat-rush, 999. 

Maumene’s test for oils, 147l. 
Mauritia fiexuosa (fibre), 982. 

spp. (oil), 1415. 

Mauritius elemi, 1649. 

Mauvauiline, 668. 

Mauveine, 666. 

May flowers bouquet, 1630. 

grass (perfume), 1523. 

Meadow-sa^n, 808. 

— -sweet-oil, 1424. 

Meat, preserving, 1018-22. 

Mecca balsam, 1625, 1636. 
Meersalinen, 1716. 

Meer-salz, 1^4-9. 

Meerschaum, 640. 

cement lor, 627. 

Meerzwiebel, 825-6. 

Megass furnaces, 1876-7, 

Mebudee-oil, 1424. 

MejUlones guano, 1265. 

Melaleuca Leucadendron (drug), 

spp. (oil), 1418, (tea) 2010. 

Melanorrh^ usitatissiuia (resin) 
1692, 

Meleagrina margaritifera (pearl), 
1517, 1519. 

Meles spp. (fur), 1030. 

Meleziton, 1830. 

Melia Azadirachta (oil), 1395, (tim- 
ber) 2018. 

Azedarach (resin), 1621. 

spp. (resin), 1694, 

Melilot, 1528. 

Melilotns caernleus (perfume), 1528. 
Melissa-oil, 1417. 

[Indian] oil, 1423, 

Melit^, 1830. 

Melodinus monogynus (fibre), 982. 
Meloe’ spp. (drug), 797. 

Melolontha spp. (drug), 796, 

vulgaris (oil), 1375. 

Melon-oil, 1361, 1395. 

-sugar, 1903. 

Melting- and resoiidifyiug-points of 
mixtures of stearic and palmitic 
acids, 1464. 

Mendii^s, 1762-3. 

Mendora (resin), 1694. 
Mendrinacerebriformis (coral), 1521. 
Menhaden-oil, 1368. 

Menispermum Coixiulus (drug), 808. 
Mentha piperita (drug), 819, (oil) 


Mentba Pulegium (drug), 819. 

spp. (oil), 1427. 

— « vliidis (oil), 1431, 
Menthe-poivree, 819. 

pouliot, 819. 

Menungan (resin), 1657. 
Menyanthes trifoliata (hops), 1131. 
Menzies* & Davies’ smell-consumer, 
1500-7. 

Mephitis americana (fur), 1033. 
Mercurialis annua (oil), 1432. 
Mercury acetate, 37. 

as^y, 356. 

de^tion, 349. 

Merryweather’s apparatus (candles), 

Mesphilodaphne Sassafras (drug), 

Mesquit, 1674. 

Messel's process (sulphuric an- 
hydride), 97. 

Mesua ferrea (dye), 864, (oil) 1415, 
(perfume) 1526, (resin) 1694. 

Metal buttons, 557. 

glass, and wood, cement for. 

625. 

Metallic cement, 627. 

surface, inks for, 1172. 

Metals, corrosive action of oils on, 
1481. 

and glass, cement for, 625, 627. 

wood, and indiarubber, cement 

for, 626. 

Methyl-aniline, 567. 

green. 669. 

benzols, 648. 

benzyl-diphenyl-amine. 659. 

diphenyl-amine, 659. 

rosanilines, 667. 

Methylated spirit, 214. 

Metrosideros ludda (timber), 2020. 
Metroxylon spp. (starch), 1827-8. 
Mexican aloe, 912. 

blue, 863. 

dragon's-blood, 1648. 

elemi, 1649. 

fibre, 985, 1101. 

gum, 1635, 1639. 

Mezereon, 818. 

Mezquite, 1621, 1674. 

Mhor (oil). 1371. 

Mhowa (oil), 1394. 

Michelia Champaca (oil), 1422, (re- 
sin) 1694. ^ 

Microclados olecrum (oil), 1482. 
Micro-photr^aphic camera, 1535. 
Microcosmic salt, 316. 

Middles, &c., of flax, 1246. 

Mignon et Rouart’s cane defibrator. 
1878. 

Mignonette-oil, 1424. 

Miiibil-oils, 1424. 

Milk-preserving, 1016. 

sugar, 1830, 1903-4, 1970. 

Millefleur satchet, 1531. 

soap, 1791. 

Milner's salt-pan, 1737-8. 
Mimosa-bark, 1226, 1986-7. 

— cinerea (resin), 1668. 

spp. (resin), 1632, (tannin) 

1982-3, 1986-7. 

Mimulus moschatus (mnsk), 1525. 
Mimosops Balata (resin), 1635-6. 
1639, (timber) 2013. 

elata (resin), 1664. 

Elengi (resin), 1694. 

spp. (oil), 1415, (resin) 1627. 

Minderus, spirit of, 29-30. 

Mineral impurities in fats, estima- 
ting, 1462. 

matters in cane-juice, 1872. 

oils, 1433-47. 

in tats, detection of, 1466. 

in mixed oils, estimation 

of, 1467-9. 

phosphates. 1259. 

— — alum from, 329. 

crushing, 1267. 

grinding, 1268. 

tar, 1433-47. 

Mink fur, 1031, 

Minton’s pottery oven, 1564. 
Minyak-katjang, 1357-8. 

Miro timber, 2017. 

Mi^uni-bitter, 809. 

Mmo (oil), 1378. 


Mispickel, 40. 

Mitis green, 31. 

Mixing-and grinding rubber, 1149. 

artifici^ manures, 1268, 

cotton, 737. 

— mill (gunpowder), 887. 

soap, 1785-6. 

wine, 441, 

Mnango, 1641. 

Mochms (resin), 1674. 

Mochurrus (resin), 1674. 

Modelling terra-cotta, 1535-6. * 

Modiola vulgaris (pearl), 1517. 
Moerman-Iiaubuhr’s apparatus 
(fibre), 928. 

Mogador gum, 1632. 

Mohair, 1095. 

Mohn, 820. 

Mohnol, 1409. 

Mohrs (resin), 1676-7. 

Mohr’s burette, 27. ^ 

lute, 630. • 

Moisture in fats, estimating, 1462. 
Mojnis (resin), 1674. 

Mola plum (oil), 1394. 

Molasses, alcohol from, 203. 

beet, 1858-60. 

carbonate potash from. 

257-9. 

chloride potash from, 266. 

sulphate potash from, 

278. 

definition, 1831, 

elution process for, 1859-60. 

graining, 1895. 

oxalic acid from, 163-4. 

treatment by osmosis, 1858-9. 

Moldavian balm, 1417. 

Moli (resin), 1648. 

Molinier’s flesbing-machine, 1225. 
Momeea (narcotic), 1306. 

Monarda didyma (tea), 2011, 

Mond’s process (foda), 312. 
Mondollot’s apparatus (aerated 
watery, 375. 

Monk's Island phosphate, 1264. 
Monkey-bread (fibre\ 912. 

fur, 1032, 

musk, 1525. 

■ nut, 1357-8. 

pots, 1359, 

Mono-amyl-aniline, 658. 

-phenyl-rosaniline, 667. 

Monodon monoceros (ivory), 1175. 
Monodora grandiflora (oil), 1415. 

Myristica, 1812. 

Monrovian oil, 1407. 

Monte-jus, 1883-4. 

Montpellier bouquet, 1531. 

Mooda hoora oil, 1366. 

Moodooga-oil, 1395. 

Mooi (gum), 1651. 

Moonga silkworms, 1746. 

Moonyah (fibre), 919. 

M6r (resin), 1674. 

Mora exceisa (timber), 2017-8. 

Moram (fibre), 994. 

Mordants, 31, 1293-1305. 

alumina, 1295-6. 

— antimony, 1296. 

arsenic, 1296. 

— • bismuth, 1296. 

chromium, 1296-7. 

copper, 1297. 

iron, 1297-1300. 

lead, 1300. 

maugmese, 1300. 

organic, 1303-6. 

— — silica, 1300. 

sulphur, 1300-1. ( 

tin, 1301-3. 

— — zinc, 1303. • 

Moreton Bay chestnut, 1353. 

Morfit’s steam-twirl (soap), 1771-3. 
Morinda spp. (dye), 858. 

Moringa gum, 1621, 1674. 

pterygosperma (oil), 1378-9, 

(resin) 1621, 1674. 

spp. (oil), 1378-9. 

Morocco ammoniacum, 1630. 

gum, 1621, 1632. 

leather, 1236. 

Moronobea coccinea (resin), 1624 
1654. 

Morphia, 231. 

Morphine, 231. 

6 r 
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Morrifl and Griffin's bone-boiler, 
1449. 

McHTbo*, 618 . 

Monmg ^achi (spice), 1804. 

Moms tinctoria (dye), 857-8. 

Mosaic glass for windows, 1084. 

pavements, 1587-94. 

Mosdbatel, 1525. 

Moechuzyinm Swartzii (p^fome), 
1525. 

«Hoschus, 826, 1524-6. 

— moschatns Q)erfaine), 1524, 
1525-6. 

Mosqneit, 1674. 

Moss-rose extract^ 1529. 

Mosul gnm, 1686. 

Mote^ease, 1395-6. 

Motbay and Bossi's ice-machine, 
1141. 

Mother-of-pearl, 1516-21. 

Hottled soaps, 1780. 

blue-, grey-, and red-, soaps, 

1787-8. 

Mottling buttons, 563. 

Moulding and banking sugar-canes, 
1867. 

— cylinders (glass), 1066. 

indiambber, 1160. 

soap, 1783-4. 

Moulds for eeuthen-ware, 1577-8. 
Mountain flax, 945. 

— gre^ 31, 1549. 

Mousseline, eau de, 1532. 

satchet, 1531. 

Montarde, 1810. 

Mozambique rubber, 1627, 1654. 
M‘Pt>ga (oil). 1396. 

Msandarnsi (copal), 1641. 

Muchems .(resin), 1674. 

Mncuna sp. (drug), 795. 

Mndar (fibre), 933. 

Muffles for pottery, 1563-8, 

Mnga silkworms, 1746-7. 
Mugwort-oil, 1424. 

Mtihl’s ice-machine, 1136. 

Mnjanknri silkworm, 1747. 

Muknl ^resin), 1636. 

Mulberry (fibre), 858. 

Mule (cotton manuf.), 754. 
Mfiller-Jacob's process (mordants), 
1304. 

Mnlmul (resin), 1674. 

Multicolour press, 1605. 

Multiple effect vacuum-pans, 1895-8. 
Mongo, 2058. 

Munjeet (dye), 863. 

Muntz's metal, 323. 

MursenaCougre (oil), 1375. 
Murdoch’s sugar-cane disintegrating 
process, 1879. 

Mure’s hemp-teeaker, 936. 

Muriate alumina, 1296. 

■— antimony, 1296. 

— — copper, 1297. 

iron, 1298. 

tin, 1301. 

Murraya Kouigii (oil), 1410. 
Murray’s silk-spinning machine, 
1753. 
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textilis (fibre), 983. 

blusc, 1524-6. 

Mus(^es, 1810-2. 

Muscovado sugar, 1900. 

Musk, 1524-6. 

-beetle, 1525. 

deer. 1524, 1525-6. 

-duck, 1525. 

extract, 1529. 

ox, 1525. 

plant, 1525. 

^rat, 1032-1525. 

(Indian), 1525. 

root, 826, 1525. 

wo^ 1525. 

Mnskatblu^e, 1810-2. 
Muskatbutter, 1396-7. 

Mnskatnfisse, 1810-2. 

Muskatnnssol, 1396-7. 
Mnslin-de-laine bleacbing, 513. 
Musquash, 1032, 1525. 


Mussel pearl, 1617. 

Mustagi-rdmf (resin), 1673. 
Mustard, 1810. 

oil, 1396, 1424. 

Mustela spp. (fur), 1030, 1031. 
Muter’s oleine-tube, 1463-6. 
Mutterbarz, 1650. 

Mutierkom, 810. 

Mutti wood, 2018. 

Myagrum sativum (oil), 1390. 
Mycoderma aceli (fungus), 6. 
Mycose, 1830. 

Myiabris spp. (drug), 797. jr 
Myoi^tamuscoypus (fur), 1032. 
Myrcia acris (oil), 1417. 

Myrica cerifera (candles), 586. 

Gale (oil), 1421. 

spp. (wax), 2045-6. 

waxes, §045-6. 

Myristica Bicubiba (oil), 1379, (wax) 
2046. 

malabarica (oil), 1409. 

sebifera (oil), 1377. 

spp. (oil), 1396-7, 1415, 1424, 

(spice) 1810-2. 

Myrmecocystus mexicanus (honey), 
1128. 


toluilerum (resin), 1684-5. 

Myroxylon Pereirge (drug), 819. 

peruifenim (oil), 1416. 

pnnctatuni (resm), 1684. 

sj'P. (resin), 1677-8. 

ti'laltera (resin), 1684-5. 

Myrrh, 1623, 1627, 1674-5, (oil) 1424. 
Myrtle extract, 1529. 

oil, 1424. 

waxes, 2045-6. 

Myrtus communis (oil), 1424. 

Pimenta (oil), 1416, (spice) 


^^AGASAR (perfume), 1526. 
Nagdana (resin), 1675. 

Nageia Putranjiva (oil), 1415. 
Nagbas (perfume), 1526. 

Naghua (resin), 1676. 

Nag-kassar (dye), 864, (oil) 1415, 
(perfume) 1526. 

Nan-mu timber, 2018. 

Napa oleifera (oil), 1384-5. 

Naphtha, 644, 1433-47, 2026. 

wood, 35. 

Naphthalene, 649. 

chlorides, 650. 

derivatives, 681. 

yellows, 682. 

Naphthylamine, 650. 

violet, 631. 

Naples yellow, 1551. 

Napping hats, 1120. 

Narbuth’s flax-breaker, 970. 
Narci8^us extract, 1529. 

Jonquilla (oil), 1422. 

Narcotics, 1305-51. 

ava, 1305. 

betel-pepper, 1305. 

bbai^, &c., 1305-7. 

bibliography, 1351. 

bull-hoof, 1307. 

coca, 1307-8. 

emetic holly, 1303. 

ledum, 1308. 

opium, 1308-24. 

— — pituri, 1324. 

rhododendron, 1324. 

Siberian fungus, 1324. 

steppe rue, 1324. 

tliomapples, 1325. 

b)bacco, 1325-50. 

tumbeki, 1350. 

Nardostachys Jatamanai (musk), 

i^afcetlda (resin), 1624- 

Narwbal-ivory, 1175. 

Nassau phosphates, 1263. 
Nasturtium-oil, 1425. 

Natterer’s apparatus (carbonic acid). 


Natuml vami^es, 1692. 

Naturalists’ cement, 626. 

Naudte (tannin), 1994. 

Nauclea Gambier (tannin), 1984-5. 
Nangiia timber, 2018. 

Navassa phosphate, 1264. 
Navel-tree gum, 1693. - 
Neat soaps, 1770-84. 

Neat’s-foot-oil, 1368. 

Nectrandra spp. (resin), 1640, 
(starch) 1823, (timber) 2015. 
Needle-lace, 1201. 

Needles, machine-knitting, 1190. 
Neem-oil, 1395. 

Neem wood, 2018. 

Negundo fraxinifolium (sugar),1903. 
Nelkenkbpfe, 1814. 

Nelkenpfeffer, 1814. 

Nepal aconite, 791. 

cardamoms, 1804. 

paper-shrub, 947. 

\ 

\ . ..■ 

Neroli camphor, 578. 

extract, 1529. 

-oil, 1425. 

Nessler’s test (ammonia), 248 
Nettles (fibre), 963, 999. 
Neugewurz,1814. 

Newalland Barker’s bark mill, 1227. 
New-mown hay bouquet, 1531. 

New Zealand cabbage-tree, 945. 

copal, 1666-7. 

flax [hemp], 98G-93. 

Ngai camphor, 577. 


detection, 349. 

-platmg, 880. 

Nicotiana spp. (narcotic), 1325-50. 
(oil) 1411. 

Nidularium karatas (fibre), 985. 
i'lcpce’s photo - engraving process, 

NIes Hout wood, 2021. 

Nieswurzel, 812. 

Nigella sativa (oil), 1416, 1432. 
Niger oil, 1396. 

Night-lights, 594. 

Nightsollas manure, 1271. 

Niin-oii, 1363-9. 

Niko (oil), 1394. 

Nipa Iruticans (fibre) 985, (resin) 
1658, (sugar) 1904. 

Nipis de Pifla (fibre), 918. 

Nitrates, 153, 160. 

alumina, 1296. 

baryta, 361. 

copper, 1297. 

iroD, 1298. 

potassium, 273. 

potash, assay, 360. 

sodium, 315. 

tin, 1302. 

Nitric acid, 146-60. 

anhydrous, 159. 

characters, 148-50. 

ill sulphuric acid, 70. ‘ 

manufacture, 154-9, 

occurrence, 150-4. 

red fuming, 159. 

specific gravity, 4. 

T ~ ®^PPiy to sulphuric acid 
chambers, 68-60. 

— , testing. 159-60. 

Nitnc anhydride, 159. 

Nitrification, 150, 273. 

Nitro-benzols, 654, 

---compounds anthraqninone. 


^toluols, 654. 

-i^ylols, 654. 

JNitrogea as ammonia, deten 
tioa, 249-50. 

- Compounds, recovery of 
phuric acid), 72. 

Nocha (oil), 1394. 

Noir animal, 452-3, 
de Francfort, 454-5, 
de fume'e, 455-6. 

— d'ivoire, 455. 


Noir d*<^ 453-4. 

Noix de Galle, 1983-4. 

— — Isa^^, 822. 

Nordhausen acid, 51. 

N'orwegiaA apatite, 1261. 

Nosegays, 1530-1. 

Nose-hole furnace (glass), 1064. 
Nounga fat, 1396. 

Noxa (Oil), 1394. 

Noxious vapours prevention (acetic 
acid), 12-13. 

— (hydrochloric acid)g 

118-46. 

(manures), 1272-6. 

(6ugar-re&iing),1926 . 

Noyeaux, 227. 

Nuisance. See noxious vapours. 
Nnnnari-root, 823. 
Numberger-waaren, 1761-4.® 
Nut-galls, 1983-4. 

Nntmeg-bntter, 1396-7, 1811. 

oil, 1424. 

[American] oil, 137^ 

Nutmegs, 1810-2. 

Nutria fur, 1032. 

Nuts, 1351-60. 

— — areca, 1351. 

— bibliography, 1360. 

boma, 1351 . 

Brazil, 1351-2. 

bread, 1352. 

candle, 1352. 

cashew, 1352. 

— — chestnut, 1352-3. 

coco-nut, 1353-7. 

coquiila, 1357. 

corozo, 1357. 

gingko, 1357. 

ground, 1.367-8, 

hazel, 1358, 

— hickory, 1358. 

import^ 1360. 

kola, 1358-9. 

palm, 1359. 

— physic, 1359. 

— pistachio, 1359. 

1 sapucaya, 1359. 

— . singhara, 1359. 

soap, 1360. 

walnut, 1360. 

Nutzholz, 2012-23. 

Nux-vomica, 819. 

OaCA (resin), 1693. 

Oak (acetic acid) 14-5, (potash) 255, 
(timber) 20w. 

barl^ 1226, 198Y-8. 

^galls, 1983-4. 

Objectives, 1533. 

Ochoco-oll, 1397. 

Ochroma Lagopus (fibre), 986. 
Ocimum basilicnm (oil), 1415. 

Ocuba wax, 2046. 

Oculina virginea (coral), 1521. 
Ocymum pi^um [basilicumj 
(fibre), 986. 

Odal-oil, 1397. 

Odina spp. (resin), 1621, 1651. 

Oele, 1360-1484. 

OelsGss, 1798»802. 

Oelzucker, 1798-1802. 


Ugea-tree (resin), 1650. 

C^non marin, 825-6. 

Oil analysis, examples of, 1475-6, 
Oil-bird, 1376. 

Oil-cake machinery, 1451^.^ 
Oilcloth, 1001. 

Oiled silk, 203g. 

Oil-mill machinery, 1451-4 
Oil of turpentine, 1683-91. 

of vi|ri(f, 101. 

Oil-palm (fibre), 948, (oil) 1406-8. 
Oil-tanks, 1445-6.^ 

Oil-tree, 1411-2. 

Oiling upper-leathers, 1234=5. 

Oils and^atty substances 1360- 
1484. ^ 

— animal, fish, and insect, 1361- 
77. 

- 

- ‘ . vulcan- 
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Oils and fatty substances, detection 
and analysis, 1462-77. 

heating values, 147^9. 

illuminating valu^ 1477-8. 

iu^orts, 1482-3. • 

improv^ modes of extraction, 

1447-59. 

lubncating values, 1479-81. 

mineral, 1433-47. • 

prices, 1483. 

— refining, clarifying, and bleach- 
^ ing, 1459-62. 

tables of actual densities of, 

1469-70. 

varnishes, 2032-5. 

vegeiill?f ^ty, 1377-1415. 

vegetable wlatile, 1415-33. 

OUs, 578, 583, 1360-1484. 

fj* mordants, 1304. 

Jjoiled, 2029-31. 

clarifying, 2024. 

— - correcting rancidity in, 1461. ' 
corrosive action of, on metals, 

usr* 

— — decolorizing, 1461-2. 

deodorizing, 1461, 

drying (varnish), 2023-4. 

— — [mix^], examination of^ for 
mineral and rosiu oDs, 1467-9. 

[^ential], expre^iou of, 1457. 

— — [vegetable extraction of, 

1451-6. 

— - [essential and volatile], extrac- 
tion of, 1456-9. 

— — [essential], extraction of, by 
maceration, 1458-9, 

— for 8oap*making, 1766-7. 

— — in imxtures, identification of, 
1467-77. 

misceilaneons special tests for, 

1476-7. 

— [fetty], mutual detection of, 
1469-71. 

— — removal of resinous matters 
^om, 1460. 

tables of full reactions of, 
1472-5. 

OkTO (fibre), 961, (oil) 1397. 
Oldenlandia umbellata (dye), 856. 
Oldham willows (cotton manu- 
factures), 739. 

Oldfleldia afrtcana (timber), 2018. 
Olea capensis (oil), 1406. 

europEea (oil), 1397-1406. 

fragrans (tea), 2010. 

undulata (timber), 2016, 

Oleic acid (free), in 'un ordinary oil, 
estimation of, 1469. 

— stearic and palmitic acids, 
Pfi tlma tion of, 1463-^. 

Oleine-tubes, 1463-6. 

Oleography, 1604-6. 

Oleomargarme, 1362-3. 

analysis, 1464-6. 

Oleo pardo (resin), 1678. 

Oleo-r^ins, detecti^ of, 1624-7, 

nature, originr&o., 1621-7. 

Olibanum, 1623, 1627, 1676-7, (oil) 
1425. 

Olivenol, 1397-1406. 

OUve-fly, 1400. • 

Olive-oil, 1397-1406. ^ ^ . 

Oliver and Ferret’s Min (sulphuric 
acid), 84, 86. 

Omphalea spp. (nut), 1352, (oil) 
1406. 

Oolacban*oil, 1366. 

Oomhlebe (timber), 2012. 

Opal, 1042. 

Opaqm bdellium, 1637. 

^ss, 1083. 

Opener for batting wool, 1102. 
Owning cotton, 73^ . 

C>pheM spp. (drug), 799, (spice), 
1805. ' • • „ 

Ophiocepbalus striatus (oil), 1376. 
Opium, 1308-24. 

cultivatidfc, distribution of, 
1308. 

I imports, 1324. 

in Asia Minor, 130%^11. 

in China, 1317-22. 

in Egypt, 1322. 

— in India, 1313-7 . ^ 

in Persia, 1311-3. 

nature, 1323-4. 


Opium preparation, 1322-3. 

production and commerce, 1308. 

properties, 1323-4. 

use, 1333-3. 

values, 1324. 

Opobalsamutn, 1636. 

Opochaia oil, 1406. 

Opodeldoc^ 1792. 

Opopanax, 1624, 1627, 1677. 

bouquet, 1531. 

spp. (resin), 1624, 1627, 1677. 

Opossum fur, 1032. 

Optical glass, 1083. 

methods sugar analysis, 1956- 

64. 

saccharometers, 1957-62. 

Opuntla coccinilifera (dye), 856-7. 

rubescens (resin), 1694. 

spp, (resin), 1621. 

Orange-flower extract, 1529. 

oil, 1425. 

water, 1425. 

oil, 1425. 

[Osage], oil, 1415. 

soap, 1791. 

spirit, 1302. 

tree gums, 1677. 

zeste. 1425. 

Oranges (fruit), 1025-7. 

Orcanete, 855. 

Orchella, 864. 

Ordeal-bean, 795. 

Oreodaphne spp (oil), 1422-3. 
Oreodoxa spp (oil), 1415. 

Ores, valuation, 349. 

Organic alkalies, 230. 

impurities in fats, estimating, 

1462. 

matters in cane-juice, 1872-3- 

in sugar, detenninatiou, 

1947. 

mordants, 1303. 

Oriental eleml, 1677. 

Origanum-oil, 1424, 1431. 

spp. (oil), 1424. 

Orkanet, 855. 

Orleau, 865. 

Onner, 1517. 

Ornamental feathers, 905. 

glass, 1067. 

Omithogalum altissimum (drug), 
826. 

Ornus europsea (drug), 817-8. 
Ocpiment, 339. 

Orris camphor, 578. 

extract, 1529. 

oil. 1425. 

— — root, 1526-7. 

Orthanthera viminea (fibre), 986, 
Oruba Island phosphate, 1264. 
Oryctes monoceros, 939. 

Oryza sativa (arrack), 219-20, 
(starch), 1826-7. 

Os, 521-5. 

Os^e orange (dye), 864, (oil) 1415. , 
I Osiers, 995. ' 

! Osmenis sp. (oil), 1366. 

Osmitopsis asteriscoides (oil), 1432. 

I (toosis process (cane - sugar), 

! 1880-3. 

I for extracting beet-juice, 

I 1842-5. 

for treating beet-molasses, 

1858-9. 

Osmogene for beet-mola&ses, 1858-9. 
Ostrea edulis (pearl), 1517. 
Ostrich-farming. 906-7. 

grease, 1376. 

plumes, 907. 

Otaba wax, 2046. 

Otabeile sugar-canes, 1860. 

Otaria spp. (fur). 10S2-3, (oiO 13?5. 
Otter fur, 1032. 

sea, fur, 1(132. 

Otto’s ainmoniacal solutions table, 
238. 

Otto Puhl’s salt-pans, 1737-9. 

of roses, 1427-30. 

Ouabe oil. 1406. 

Ouaraye oil, 1414. 

r . .,1 

. , ■ . 1668. 

Ounce-grease, 1376. 

Ovens for distilling wood (acetic 
acid), 9-12, 15-19, 19-21. 


Ovens for pottery, 1563-8. 

tar, 1683. 

see also burners and kilns, 

Ovis raOschatus (musk), 1525. 

spp. (wool), 2053-6. 

Owala oil, 1406. 

Oxalates, 161, 173-4. 

alumina, 1296. 

potassium, 277. 

tin, 1302. 

Oxalic acid, 160-74, 

by action of alkalies on 

neutml orginic matters, 168-72. 

^ by action of nitric acid on 

vegetable substances, 163-8. 

concentrating, 173. 

for si^ar refining, 1929. 

from guano, 161-3. 

from madd^. 172. 

from other sources, 172. 

from plants, 161. 

from sugar, 163-4. 

manufacture, 161-72. 

: occurrence, 160-1. 

purification, 173. 

recovery from dye-vats, 

172. 

— value, 174, 


Oxidizing oils, 1482. 

Oxland and Hocking’s calciner 
(arsenic), 336. 

Oxyanthracene, 653. 

Oxychloride lute, 630. 

Oxygen in escaping gases (sulphuric 
acid), 71. 

Oxymurlate antimony, 1296. 

tin, 1303. 

Oyster pearls, 1517. 

Ozokerit, 589, 2046. 

JPaCE’S machine for pointing 
matcb-splints, 1282-5. 

splint-cutting machine, 1277-9. 

Fachira aquatica (oil), 1415. 
Pachyrrhizus angulatus (fibre), 986. 
Pacific islands guano, 1259. 

sugar-canes, 1861. 

— _ pearl fisheries, 1519-20. 

Paco (fibre), 1093. 

P^eria fatida (fibre), 919. 

Pai-ch’ha wood, 2018. 

Paint, 1552-6. 

Paiuted glass, 1084. 

Paints tor glass, 1085. 

indiarubber, 1153. 

Palaskino, 1668, 1669, 1670, 1671. 
Pallssy ware, 1599. 

Palm, collecting juice from (sugar), 
1905-6. 

cutting (sugar), 1905-6. 

juice as beverage, 425-6. 

boiling, 1906-7. 

planting (sugar), 1904-5. 

returns from (sugar), 1907-8. 

sugar, 1904-8. 

wax, 2046. 

Palma Christi (oil), 1380-2. 

Palmet (fibre). 994. 

Palmetto (fibre), 938. 

Palmitic, oleic, and stearic acids, 
estimation of, 1463-4. 
Palm-kemei-oil, 1408. 

Palm-nut, 1359. 

kernel-oil. 1403. 

oil, 583, 1406-8. 

Palmol, 1406-8. 

Palmyra palm (fibre), 932. 
Palo-de-vaca (resin), 1693. 

Pampas gr^s, 920. 

Panama crimson 864. 

pearls, 1520. 

screw-pine (fibre), 938. 

i p, , ' ,-r-- 


— — utilis (tor shade), 1815. 
Pangium edule (oil), 1415. 

Panicled acacia (fibre), 911. 
Pan-scale, composition of, 1733. 

Pans for concentrating cane-juice, 
1890-3. 

— hydrochloric acid, 106-8. 


Fans for salt-making, 1728-39. 

Papaver Rhoeas (dye), 864. 

somniferum (alkaloid), 231, 

(drug) 820. 

spp. (narcotic), 1308-24, (oil) 

1409-10. 

Paper, 1484-1509. 

albumenized sensitive, 1540, 

and paper materials, imports 

of, 1509. 

bibliography, 1509. ^ 

cutting, 1503-5. 

glazing, 1503. 

■ band-made, 1494. 

industry, extent of, 1508-9. 

machine, 1494-1500, 1502-3. 

manufacture, 1486-1505. 

materials, 1484-6. 

mill, selection of site for, 1507-8. 

— — mulberry (fibre), 933. 

—— pulp, acetic add from, 19. # 

soda recovery process, 1505^, 

1508. 

statistics, 1508-9. 

treatment of broke paper, 1494 . 

esparto, 1486-91. 

rags, 1491-2. 

straw, 1492. 

— wood, 1493-4. 

tub-sizing, 1500-1. 

varieties, 1507. 

Paprika (spice), 1803. 

Papyrograph, 1608-9. 

Papyrus. 947. 

Par^ indiarubber, 1627. 

nut, 1351-2. 

pias«ava, 963. 

rubber, 1661-4. 

Paraffin, 686. 1509-16. 

imports, 1516. 

manufacture, 1510-4. 

oil, 1446. 

— refining, 1514-6. 

— f— separator, 1515. 

Uses, 1516. 

— — wax in fats, detection of, 1466. 
Paranapbthalene, 650. 

Parasaccharo&e, 1830. 

Parcels of flax, 1244. 

Parchment glue, 622. 

Pareira-brava, 819. 

Parfums, 1523-32. 

Parian ware, 1558, 1596. 

Parinarium sp. (oil), 1394, 1396. 

Paris blue, 1548. 

— — green, 669. 

Parker's cement, 619. 

Parkesine, 610-8. 

Parkia biglandulosa (oil), 1415. 
Parmelia spp. (oxalic acid), 161. 
Parsley-oil, 1425 
Passalus tridens, 939.* 

Passiflura murucnja (narcotic), 1307. 
Paste, ordinary, 622. 

Pastilles, 1529-30. 

Pastinaca sativa (oil), 1432. 

Patawa (oil), 1386. 

Patchouli camphor, 578. 

extract, 1529. 

oil, 1425. 

satchet, 1531. 

Pftte sur pate, 1598. 

Patent alum, 1295. 

leather. 1236, 2032 

simplified still (alcohol), 205 

Patents, brewing-sugar, starcb- 
I sugar, and invert-sugar, 1938-40. 

j centrifugals, 1937-8 

evaporating apparatus, 1936-7. 

filtration, 1937. • 

relating to sugar, 1936-42. 

treatment of sugar-cane,# 

1936. 

sundries (sugar), 1941-2. 

vacuum-pans, 1936-7. 

various chem.cal substances 

(sugar), 19i0-l. 


ing), 501. 

Patwa (fibre), 921. 


Pavot, 820. 
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Pawn (narcotic), 1305. 

I^wtndcet loom, 1102. 

Paym's process of sngar analysis, 
lMT-8. 

}>ay*pay (tannin), 1993. 

Pea-nnt, 1357-8. 

Pea (sweet), extract, 1529. 
Peacock-Crease, 1376. 

Pear [anigator] oil, 1415, 

Pear-wood, 2018-9. 

* Pearl, 1516-21. 

— > artiBcial, 615, 1521. 

bibliography, 1523. 

buttons. 558. 

mussel [Cadnese], 1517- 

qualities, values, and com- 
merce, 1520—1. 

Peat*oils, 1433. 

Peau d^E^pagne satcbet^ 1531. 

Peaux, 1757-61. 
pebble copal, 1643. 

Pech, 1678-80. 

Pectinos^ 1830. 

Pederia foetida (fibre), 919, 986. 
•Pedesls, 1793. 

Pedilanthus spp. (resin), 1624. 

. Peepul (resin), 1668. 

Peganum Harmala (narcotic), 1324. 
Pegmatite, 1560, 1595. 

Peinture, 1552-6. 

Pekan fur, 1030. 

Pekea tematea (oil), 1415, 

Pe-la wax, 2044. 

Pelargonium spp. (oil), 1421. 

Pellet’s photograptnc printing pro- 
cess, 1617. 

Pellicularia Koleroga (cofiee), 698. 
Pellitory, 819. 

Pelotage of soap, 1790-1. 

Pelotons, 1096. 

Penang rubbers, 1656-7. 

Penguin-oil, 1376. 

p. -s v.; .'M . :i. . 'rv' 

]' I \ : .'I. , . , , 

]', ■ I'ifiv-!, " ^ . ' .'i. 

Penoea spp. (resin), 1682. 
Pentaclethra macrophylla (oil), 1406. 
Fentadesma butyracea (oil), 1413. 
Peonine, 680. 

Pepper, 1812-4. 

— — Ashantee, 1814. 

betel, 1305. 

black, 18124. 

Cayenne, 1803. 

Guinea, 1803. 

intoxicating lung, 1305, 1814. 

Jamaica, 1814. 

oil, 1425. 

po^ 1803. 

red, 1803. 

West African, 1814. 

white, l9i4. 

Peppermint, 819. 

cordial, 227. 

oil, 1425-7. 

Pepper-pot (spice), 1828. 

Percbloride of tin, 1302. 

Percussion caps, 902. 

Perfumed soaps, 1789-92. 

Perfumers’ pastilles, 1529. 
Perfumery, bibliography, 1532. 

imports, 1532. 

values, 1532. 

Perfumes, 1523-32. 

crude, agar, 1523-4. 

ambeicris, 1524. 

castor, 1524. 

civet, 1524 

mus^ 1524-6. 

nagks^ar, 1526. 

orris, 1526-7. 

c sandal-wood, 1527-8. 

tonquln-bean, 1528. 

vanilla, 1528. 

from plants, extracting, 1458-9. 

prepared, 1528-32. 

extracts or essences, 

1528- 9. 

incenses and pastilles, 

1529- 30. 

— — nosegays or bouquets, 

1538-1. 

satchels, 1531-2. 

waters and eaux, 1532. 

Perilla ocimoides (oil), 1415, 2045. 
Perime vierge, 1686. 


l^riploca gneca (resin), 1656. 

indica (drug), 823. 

Perkin’s violet, 666. 

Perle, 1516-21. 

Permanent positive printing, 1540-1. 

while, 1550. 

Permuriate of iron, 1298. 
Pernambuco rubber, 1627, 1664. 
Pfrry, 421. 

Per-salts of tin, 1302. 

Persea gratissima (oil), 1415. 

Lingue (tannin), 1994. 

Nanmu (timber), 2uU. 

Persia, opium in, 1311-3. ^ 

tobacco in, 1337-8. 

Pereian ammoniacum, 1630. 

berries, 864. 

Bilk, 1747. 

Persimmon wood, 2019. 

Persoonia guareoides (oil), 1386. 
Persulphate of iron, 1298. 
Peru-balsam, 819, 1623, 1677-8. 

black, 1625. 

white, 1625. 

Peruvian bark, 799-808. 

guinos, 1258. 

nutmeg, 1812. 

Petabo (resin), 1657-8. 

Petha wax, 2046. 

Petit beraf, 1395. 

grain-oil, 1427. 

suif, 1361. 

Petrel-oil, 1376. 

Petrie’s kiln (sulphuric acid), 57. 

process (sulphuric acid), 100. 

Petrolenm, 143347. 2026. 

constituents, separation and 

uses of, 1446-7. 

origin and occurrence, 14,33-11. 

solidifying and liquefying, 

1446. 

spirit, extraction of oils, 1454-5. 

storing. 1445-6. 

testing, 1479-81. 

transportation, 1413-5. 

wells, boring and pumping. 

1441-3. 

Petromyzon fluviatUis (oil), 1376. 
Peucedanum graveolens (drug), 
810. 

spp. (oil), 1432. 

Peumus Boldus (drug), 794. 

Pew’s cement, 619. 

Pewter, 324. 

Pfeffer, 18124. 

spanischer, 1803. 

Pfefferniinze, 819. 

Phalmna saccharalis (cane disease), 
1869. 

Pheasant-grease, 1376. 

Phenic acid, 41, 671-81. 

Phenicienne, 681. 

Phenol, 41, 671-81. 

soap, 1789. 

Phenyl-aniline, 658. 

rosanilines, 664. 

toluyl-amine, 658. 

violets, 667. 

Phenylic alcohol, 41, 671-81. 

hydrate, 41, 671-81. 

Pbiladelphus coronarius (oil), 1432. 
Philippine elemi, 1649. 

Phloiotribus ole«e, 1401. 

Pboca spp. (oil), 1370. 

Phocsena spp. (oil), 1369. 

Phoenix dactylifera (fibre), 986, 
(fruit) 1024. 

farinifera (starch), 1827. 

sylvestris (sugar), 1904-8. 

Phormium, baling, 992. 

characters and uses, 992-3. 

cultivation, 987-8. 

exports and value, 993. 

extraction, 989-92. 

tenax (fibre), 986-93, (resin) 

1678. 

Phosphates, mineral, 1259. 

alum from, 329-30. 

natural, ammonium tri-phos- 
phates from, 1851. 

amount of acid required to dis- 
solve, 1270. 

[mineralj, crushing 1267. 

grinding, 1268, 

sodium, 316. 

Pho^hatic guanos, 1265. 




mospnonc i ^ 

superphosphates, 1265. 
Phosphorite, 1261. 

Photo-engraving processes, 1618-9. 
Photographic applications, 1544. 

instruments, 1532-6. 

printing processes, 161^20. 

— prints, toning, 1540. 

— processes, 153644. 
Photography, 1532-44. 

— applications, 1544. 

— cameras, 1534-5. 

— camera-stands, 1536, 

— dark room, 1536. 

diaphragms, 15334. 

— objectives, 1533. 

— processes, 1536-44. 

— studio, 1536. 

Photo-lithography, 1617-8. 
Photo-micrographic camera, 1535. 
Photometry, 594, 1544-7. 

Phthalic anhydride, 650, 682. 
Phulwara-od, 1408. 

Pbyllocladus tricomanoides (tannin), 

1994. 

Physeter macrocephalus (oil), 
1371-2, (ambergris), 1524. 

spp. (oil), 1361. 

Tursio (oil), 1372. 

Physic-nut, 1359, (oil) 1410. 
Physostigma spp. (drug), 795. 
Pbyteiepbas spp. (buttons), 560, 
(nut), 1357. 

Pia (starch), 1822. 

Piassava, 920, 963. 

Picea pectinata (timber), 2015. 
Picked dog-fi^h (oil), 1370-1. 

Turkey gum, 1631. 

Picking esparto, i486. 

Picraina excelsa (drug), 820. 
Picramic acid, 680. 

Picrasma excelsa (drug), 820. 
Pierates, 902. 

— ammonia, 680. 

“ potash, 680. 

— soda, 680. 

Picric acid, 40. 

Pictet’s ke-roachine, 1140, 

Pieces of flax, 1243. 

IHeper’s toughened glass, 1080. 
Pieron’s beetroot pulp press, 1839. 
Piesse’s pastilles, 1529-30. 

posy bouquet, 1531, 

Pig-hair, 1099. 

Pig-nut-oil, 1392. 

Pigeon-grease, 1376. 

pea for greeu-soiling suatfr-cane 

1866, 1869. 

Pigments, 1548-52. 

— blues, 1548. 

— greens, 1548-9. 

— reds, 1649-50. 

— whites, 1550-1. 

— yellows, 1551-2. 

indiarubber manufactures, 

Pikrinsaure, 40-1. 

Pillow-lace, 1201. 

PUocarpus spp. (drug), 814. 

Pilori (musk), 1525. 

Pimelea spp. (fibre), 993. 

^*18U^ (oil). 1416, (spice) 

Piment des Anglais, 1814. 

— Jardins, 1803. 

Pimento, 1814, (oil) 1416, 

Anisum (spice), 334^-5, 

- — spp. (oil), 1416-7. 

Pin maritime, 1687-91, 

Pine (acetic acid), 14-5. 

gum, 1681. 

oils, 1408, 1427. 

— wool, 993. 

^c-apple (fibre), 91T. (fruit), 1027. 
Pme marten fur, 1031. ^ 

Pines, 2019-20. 

Piney resin, 1624, 1678. 

— tallow, 1408-9. 

— varnish, 1678. 

Pinite, 1830, 

gnites succinifer (resin), 1628. 

Pink (clove), extract, 1529 
— — salt, 1303. 

Knna squamosa (pearl), 1517 
Pinnay-oil, 1387-8. 


Pinns Abies (resin), 1679-80. 

Halepenkis (resin), 1686. 

spp#2<^<%). 818, (gunpowder) 

884, (oil) 1408, 1427, 1431, (resin) 
1624, 1983, 1684. 1686-92, (timber) 
2019-20. 

sylvestris (fibre), 993. 

Rpe-clay, 640. 

liaes for petroleum, 1443-5. 

Piper angusiifolium (oil), 1424. 

Betle (narcotic), 1305. 

metbysticum (dn^X 815, 

cotic), 1305. 


1427, (spice) 1812-4. 

Pipli-m^ (spice), 1814. • 

Pipturus spp. (fibre), 994. • 

Piquia-oil, 1409. 

Piraracu-oil, 1376. 

Pirria’s process (sulphurki>»^d), 100. 
Pirus C^donia (drug), 820.' 

glabra (drug), 818. 

Pispaz (resin), 1634. 

Pissenlit, 826. 

Pistachio-nut, 1359, (oil) 1409. 
Pistacia Lentiscus (resin), 1673-4, 
(tannin) 1988. 

spp. (nut), 1359, (oil) 1409, 

(resm) 1623, 1673-4, 1687. 

vera (out), 1359. 

Pitch-tree (resin), 1649, (timber) 
2016. 

Pitcheri (narcotic), 1324. 

Pitches, 1678-80. 

Htchouri (narcotic), 1324. 
Pithecolobium dulce (oil), 1415. 
Pittosporum spp. (resin), 1694. 

uiidulatum (oil), 1432. 

Pituri (narcotic), 1324. 

Fiver’s absorption process for plant* 
odours, 1456. 

— — saturator for impr^nating 
grease with plant-odours, 1458-9. 
Placuna spp. (pearl), 1517. 
Plagiantbus sidoides (fibre), 994. 
Plane wood, 2020. 

Planking bats, 1108. 

Plantain-starch, 1823. 
Plant.perfumes, extracting, 1466-9. 

— — extracting by solvents, 

U56-7. 

Plants, oxalic acid from, 161. 

potash from, 255-7. 

[marinej, potash (boride from, 

263-5. 

— — soda from, 280. 

Platanus spp. (timber), 2020. 
Plate-glass, 1057, 1059. 

grinding, smoothing, and 

polishing, 1061-2. 

Hartley’s rolled, 1061. 

sulphate, 278. 

Piasters, 630. ^ 

Plates, pressing 1578-9. 

Platinotype printing, 1544. 

^^93^^ retorts (sulphuric acid), 

Plectranthn^rassifolins (oU), 1425. 
Plisson’s (Jtf. D.) condenser (nitric 
acid), 157. 

Plbsslea floribunda (resin), 1677. 
Plotting soap, 1790-1. # 

Plug tobacco, 1342. 

Plumaria phagcedoenica (resin), 
1665. 

Plumbago, 1087. 

Plumbers’ cem^it, 626. • 

Plume nutmeg, 1812. 

Plumes, 905. 

Plum-oils, 14^. 
r — spirit, 1302. • 

Plums, iq27.» * ^ 

Plnsia gamma, 1835. 

Poa spp. (fibre), 994. 

Pochin’s (H. D.) process (alum), 329. 
Pod pepper, 1803. 

Podocarpus cupreesina (resin), 1694. 

— — resiS, 1625. 

spp. (timber), 2017, 2019, 2021, 

2022. 

Pod^hyllom, 820. 

'peltatum (dru^, 820, (dye) 

856. 
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Poephagos granniens (hair), 1099. 
P<^ada (resin), 1694. 

Pogostemon Patchouly (ott), 1425. ■ 
Pohl’s salt-pans, 1737-9. ^ 
Poinciana elata (resin), lerf 

regia (coffee shade), 7^. 

Point-lace, 1201. 

Poire, 421. 

Poltevin’s powder, 1617, 

Poivre, 1812-4. , 

de Guin^e, 1803. 

Inde. 1803. 

•' la Jamaique, 1814. 

pftx, 1678-HO. 

blanche, 1679-80. 

factice, 1680. 

de Boning^e, 1679-80. 

des Vosges, J^9. 

jaune, 1679. 

liquide, 1683. 

noire, 1679, 

Poizot et Dmelie’s beetroot pulp- 
press, 1839. 

Polinisia viscosa (oil), 1415. 
Polaris(«pfc, 1957-62. 

Polarized light, 1956-62. 

Polecat fur, 1030 

(American) far, 1033. 

Pdlei, 819. 

Polishing cotton, 765. 

plate-glass, 1062. 

rope and twine, 1701-3. 

Polongo oil, 1415. 

Polybia apicipennis (honey), 1128. 
Polychrome print, 1604. 

Polygala de Virginie, 824-5. 

Senega (drug), 824-5. 

— — tinctoria (dye), 858. 

Polygonum amphibium (tannin) 
1994. 

cocciferum (dye), 861. 

— — fagopyrum (starch), 1823. 

spp. (dye), 858, 8b0. 

Pomegranate gum, 1694. 

Pome® (oil), 1416. 

Pompelmousse, 1026. 

Pongamla glabra (oil), 1393, (resin) 
1694. 

Pontife.x’8 apparatus (citric acid), 50. 

— pan (cane-sugar), 1893. 

process (lartario acid), 175. 

Pooa fibre, 932. 

Poon wood, 2020. 

Poondi-oil, 1393. 

Poondy-»)il, 1409. 

Pooogallee (resin), 1694. 
Poun-seed-oil, 1387—8. 

Pooree si^ar-cane, 1860. 

Poplar (acetic acid), 14, (oil) 1427, 
(timber) 2020. 

Poppv (drug), 820, (dye) 864, (nar- 
cotic) 1308-24, (oil) 1409-10.2023. 

incisions in, for extracting 

opium), 1309, 1314, 1317. 

Populus baisamifera (resin), 1683. 

nigra ( oil), 1427. 

spp. (timVr), 2020. 

Porcelain, 1594-7. * 

analyses, 1558. 

— - and glass cement, 628. 

buttons, 559. 

chasing, 1599. _ 

colouring, 1599-1600. 

- English, 1596-7. 

Parian and Belleek, 1596. 

printing on, 1600-1. 

^ Reaumur's, 1045-6. 

Sevres, 1594-6. 

Porcupine (cotton mannf), 740. 

grass, 998, 

Porgie-oil, 1368. 

Porion’s paper liquor evaporator, 
1506-8. 

' Porous ware, 1596. • 

Porpoise-^il, 1369. 

Portland cement, 619. ^ 

Portugal, eau de, 1532. • 

— essence de, 1425. 

, satchet, 1539 

Pc^soz’s process (oxalic acid), 169. 
Pot-ashes, 253. 

I^Dtash, 250. 

carbonate from beet molasses, 

brine springs, 259. 

snlnt, 259-60. • 


Potash, carbonate from the sulphate, 
259. 

wine lees and tartars. 

259. 

caustic, 251-3. 

densities, 251. 

chloride from beet molasses, 

266. . 

marine plants, 263- 

5. 

potassic minerals 

262-3. 

for soap-making, 1767-8. 

in raw sugars, 1927. 

isopurpurate, 680. 

piciate, 680. 

sources, 360-1. 

Potass water, 367. 

Potassic minerals, chloride potash 
from. 263. 

PotasNium acetate, 37. 

bicarbonate, 260-1. 

bichromate, 266. 

bisulphate, 279. 

bitartrate, 1303. 

carbonate, 253-60, 

from wood ashes, 255-7. 

chlorate, 261. 

chloride, 261. 

from brine-springs, 265-6. 

chromate, 266. 

(yellow or neutral), 1297. 

cyanide, 267. 

dichromate, 1297. 

ferri-cyanide, 267. 

ferro-cyanide, 368. 

hydrate, 251-3. 

iodide. 273. 

nitrate, 273. 

oxalate, 277. 

silicate. 276. 

sulphate, 278. 

tartrate, 279. 

Potatoes, alcohol from, 211. 

grating, 1824. 

starch, 1823-6. 

washing, l«23-4. 

Poterie. 1556-1601. 

Pot-grease, 1372. 

Pot-pourri satchet, 1531. 

Pottery, 1556-1601. 

architectural and terra-cotta, 

. 1582-7. 

bibliography, 1601. 

classification, 1568. 

-clay, 640. 

decorative processes, 1597- 

1601. 

definition and general prin- 
ciples, 1556-8. 

earthenware, 1573-82. . 

English china, 1596-7. 

fireware, 1569-70. 

kilns, ovens, and muffles, 1563 

- 8 . 

manipulative processes, 1576- 

81. 

porous ware, 1596. 

raw materials, 1558-61. 

stoneware, 1570-3. 

tesselated and tile pavemente, 

1587-94. 

t* iTacotta and architectural, 

1582-7. 

throwing-wheels and lathes, 

1561-3. 

translucent wares, 1594-7. 

wares, table of analyses, 1558. 

Potton coprolites, 1260. 

Pon h poche blanche, disease of 
sugar-cane, 1868-9. 

blanc disease of sugar-cane, 

1868-9. 

Poudrette, 1271. 

PouUot vulgaire, 819. 

Pounce, 1681. 

Poupre, colour, 1300. 

Pourretia spp. (resin), 1638. 
Powdered soaps, 1792. 

Prairie grass, 997. 

i^;.. . 1149. 

must (wine), 435. 

opium, 1322-3. 

salts, 317, 1303. 


Pr^rvation [food], bibliography, 
1022. 

dairy produce, 1016. 

fish, 1016-7. 

fruit, grain, and vegetables, 

1017-8. 

meat, 1018-22. i 

wine, 441. I 

Prised g^s, 1078. 

Presses (candles), 587, (gunpowder) 
891-2, (indiarubber) 1156-7, (print- 
ing) 1602-3, (sugar) 1838-9, 1846, 
1848-9. 

Pressing hats, 1115. 

potfiiry, 1578-9. 

Prevention of nuisance. See Noxious 
vapours. 

Price's apparatus (citric acid), 50. 

phurmium machine, 989, 

Priestman’s striking-machine, 1230 
- 1 . 

Primula veris (tea), 2011. 

Prmos gidber (tea), 2010. 

Pnn«epia utilis (oil), 1415. 

Printer’s oxymuriates of tin, 1303. 
Printing and engraving, 1601-20. 

bibliography, 1620. 

in colours, 1604-6. 

inks, 1170. 

linoleum, 1009-15. 

on porcelain, 1600-1. 

permanent positive, 1540-1. 

presses, 1602-3. 

processes (photographic), 1540, 

1616-20. 

Prints, double transfer, 1542. 

single transfer, 1541-2. 

(photographic) toning, 1540. 

Priomum Palniita (fibre), 994. 

Pristis spp. (oil), 1376. 

Pro-argol. 1304. 

Probirkunst, 346-60. 

Procellaria glaciabs (oil), 1375. 
Proceras sacchariphagus (cane dis- 
ease), 1869. 

Proctor and Ryland’s bone-boiler, 
1450. 

Procyon lotor (fur), 1032. 

Proof for hats, 1111, 1127. 

stick for vacuum-pan, 1857. 

Proporiion sulphur to chamber- 
space (sulphuric acid), 78. 
Prosopisspicigera (resin), 1668, 1694. 

spp.(re8in), 1621, 1674, (tannin) 

1982. 

Prostanthera spp. (oil), 1432. 
I’ro-tartar, 1304. 

P^otomuriate tin, 1301. 

Provencer Oel, 1397-1406. 

Prune® (oil), 1416. 

Prunes, 1027. 

Primus amygdalus (fruit), 1022. 

gums, 1639. 

serotina (oilX 1382-3. 

fpp. (fiuit), 1027, (oil) 1409, 

(resin) 1621. 

Prussian blue, 1548. 

green, 1549. 

Prussiate jaune de potas'e, 265-73. 

rouge d«* potasse, 267-8. 

Psamma arenaria (fibre), 994. 
Pseudococcus Adonidum (coffee), 
699-700. 

P-eudomeloe spp (drug), 797. 
Psoralea gUndulosa (tea). 2011. 
Psychntria em‘^tlca (drug), 813. 
Psylla ulesp, 1400. 
i Ptelea tnfoliata (hops), 1131. 

; Pterocarpusangoleiisis(dye),855,856. 

erinaceus (resin), I66s. 

Marsupiam (resin), 1667-8. 

pp. (dye), 8o7. 

Pterocaulon polystacbyum (drug), 
794. 

Pteropus ednlis (oil), 1375. 
Pieri»xylon utile (timber), 2021. 
Ptychotis spp. ( ’rug), 791. 

Pucha-pat ("il), 1425. 

Pug-mill, 1576. 

Pulping sugar-beets, 1837-8. 

Pulu fibre, 939. 

Pulvinaria gosteralpha (cane dis- 
ease), 1363-9. 

Pulza-oil, 1410. 

PumpUrey's collograph, 1609, 
Pumping oil-wells, 1441-3. 


Pumpkin-oil, 1395. 

Pumps, slip, 1575. 

soap, 1778. 

sugar juices, 1883-4. 

Punica granatum (resin), 1694, 
(tannin) 1994. 

Pupii, 864. 

Pure for dressing-leather, 1232. ^ 
Purification, acetic acid, 19, 23. 

caroblic acid, 675, 676. 

coal-gas, 1035-40. 

hydrehloric acid, 147. 

oils and fats, 1459-62. ‘ 

oxalic acid, 173. 

Purple cotton spirit, 1303. 

spirit, 1302. 

Purpur, 1300. 

Purqueira-oil, 1410, 

Putorias spp. (fur), 1030, 1031-2. 
Putrabjiva Roxburghii (oil), 1415. 
Putty, 630. 

Puya spp. (resin), 1621, 1638. ^ 

P. Y. C. tallow, 1373. • 

Pycnocoma macrophylla (oil), 1379. 
Pymma wood, 2020. 

Pyiikado wood, 2020. 

Pyrene-oil, 1397-1406, 1454. 

Pyi’ethre salivaire, 819. 

Pyrethrum-oil, 1427. 

Pyrites (sulphuric acid), 80. 

arsenical, 40. 

estimating sulphur in, 87. 

kilns (sulphuric acid), 80. 

PjToacetic spirit, 39. 

Pyrogallic acid. 51. 

Pyroligneous acid, 7. 

Pyrolignite, 31-2. 

iron, 1299. 

Pyrophosphate of iron, 1300. 

P^ota spp (drug), 797. 

I^ioxylic spirit, 35. 

Pyrus communis (timber), 2018-9. 

Quassia, m. 

Quebraebia Lorentzii (tannin), 1988. 
Quebraclio, 1988. 

Colorado (resin), 1680. 

Queensland h^mp. 996. 

pearl fisheries, 1618-9. 

Quercite, 1830. 

Quercitron, 864. 

Quercus coccifera (dye), 861. 

robur (oil), 1415. 

sesailiflora (tannin), 1982. 

spp (cork), 723, (diug), 818, 

(«1ye) 864-5, (gunpowder) 884, 
(tannin), 1983-4, 19n7-8, 1992-3, 
(timber) 2018 

suber (cork), 722-9. 

Quetschen, 1027. 

Quick vinegar process, 7, 2041-2. 
Quills, 908, 

Quince, 820. 

(Quinine, 231. 

(^uinizarme, 682. 

(juinoa (narcotic), 1308. 

Quitte, 820. 

I^iABBETH spindle (cotton manu- 
lacture), 762. 

Rabbit fur, 1032. 

Kaccoon fur, 1032. 

Racine d’lns, 1526-7. 

Hack, 219. 

Racking (wine), 438. 

RadUh-oil, 1415. 

Rddissoti's process (candles), 584. 
Rdffinage du sucre, 1921-35. 

Rags, bleaching, 1492. 

boiling, 1491-2. 

cutting, 1491. 

du-ting, 1491. 

for paper, 1484-5. 

treatment of for paper-making, 

1491-2. 

Rail way -grease, 1797-8. 

R tin-water, composition of, 151, 
Rai^irls, 1027. 

Raja spp (oil), 1376. 

Raki (spirit), 1673. 

Rametd bast, 963. 

Ratnie fibre, 921. 

Ram-til oil, 1396. 

Rancidity in fats, correction (ff, 1461. 
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Bimgcxm rollers, 1656-7. 

Bape-oil, 13S4-5. 

Bapb^os sativns (oil). 1415. 

BaptUa Hookeri (nutX 1357. 

spp ^fibre), 994. 

tackl^ra (oil),- 1392. 

Baposa-grease, 1376. 

BapsSI; 1384-5. 

Ba^ 1686. 

Baspmg sugar-beets, 1837-8. 

;^ta wood, 2020. 

Batadel (resin), 1693. 

¥tatafia,227. 

Batanbia, 829. 

• Batoonuig sugar-canes, 1868. 

Kats as enemies to e»ugar-cane, 1868. 
Bavenala spp. (oil), 1433. 

Baw copal, 1641. 

Bay-oils, 1364, 1376. 

Be^tions of all the usual oils, tables 
of, 1472-5 
^algar, 340. 

K^iceks cane-slicer, 1881. 
Beceptacles for petroleum, 1445-6. 
Bea>very of waste grease, 605-6, 
1455-6. 

Bectification acetic acid, 19, 23. 

alcohol, 212-3. 

benzol, 647-8. 

naphtha, 646. 

Eectifying column (alcohol), 199. 
Bed chalk, 1550. 

chromate, 1297. 

chrome, 1297. 

coralline, 680. 

— cotton spirit, 1303, 

leai 1550. 

lute, 631. 

liquor, 28-9, 1295-6. 

mottled soap,' 1787-8. 

pepper, 1803. 

pigments, 1549-50. 

Bed River snake-root, 825. 

Bed Sea pearls, 1517. 

Bed sulphate, 1298. 

Bcddle, 1550. 

Bedonda phosphate, 1264, 

Reece's process (ammonia), 237. 
Reeling cotton, 764. 

flux, 1253. 

silk, 1753^. 

Refined alkali, 302. 

Refining borax, 539-40. 

camphor, 575-6. 

glucose, 1917-8. 

oils and fats, 1459-62. 

paraffin, 1514-6. 

saltpetre, 884. 

soda, 302-3. 

sugar, 1921-35. 

sulphur, 884-6. 

sulphuric acid. 92-6. 

Refraction of nitrates, 277. 
Refrigerating machines, 673, 1019-20, 
1135-^L 

Refrigeration, artificial, 673, 1019- 
20, 1134-42. 

bibliography, 1142. 

by ammonia, 237. 

cane-juice, 1900. 

carbolic acid, 673-4. 

Reglisse, 816-7. 

Reichenbach’s apparatus (acetic 
acid), 20. 

Reine d'Angleterre bouquet, 1631. 
Reisstarke, 1826-7. 

Relaigage of hard soap, 1779. 

Relief printing processes, 1618-9. 
Remington type-writer, 1608. 
Rendering animal fats, 14-17-51. 
Eendroc^ 901. 

Reseda luteola (dye), 868, (oil) 1415. 

c odorata (oU), 1424. 

Resins, combination with oil (var- 
nish), 2034-5. 

detection of, 1624-7. 

for varnish, 2024-5. 

fusion, 2033. 

—m — nature, origin, &c., 1621-7. 
t/- — pre'paration (varnish), 2033. 
^^sineuses et gommenses, mati^res, 
f 1620-95. 

Resinous and gummy substances, 
1620-95. 

amber, 1628-30. 

ammoniacum, 1630. 


Resinous and gummy substances, 
arable, 1630-3. 

asafeetida, 1633-5. 

balata, 1635-6. 

halm of (iiiead, 1636. 

bdellium, 1636-7. 

benzoin, 1637-8. 

bibliography, 1695. 

cadjU, 1638. 

chagual, 1638. 

cherry, 1638-9. 

chicle. 1639. 

chirocji, 1639. 

coconut, 1639, 

copaiba, 1639-10. (t* 

copal and animi, 1640-4. 

dammar, 1644-5. 

dextrine, 1645-7. 

dhoura, 1647-8. 

dika-mali, 1648. 

dragon’s blood, 1648-9. 

elenii, 1649. 

euphorbium, 1649. 

frankincense, 1649-50. 

galbanum, 1650. 

gamboge, 1650-1. 

giug and kunnee, 1651. 

guaiacuni, 1651. 

gurjun, 1651-2. 

guttapercha, 1652-4. 

guttashea, 1654. 

bardwickia, 1654. 

hog, 1654. 

indianibber, 1654-66. 

jumrasi, 1666. 

jutahy-seca,'1666. 

kauri, 1666-7. 

kino, 1667-8. 

kos, 1663. 

lac, 1668-73. 

mahogany. 1673. 

mango, 1673. 

mastic, 1673-4. 

mezquite, 1674. 

miscellaneous, 1693-5. 

mochurrus, 1674. 

moringa, 1674. 

myrrh, 1674-5. 

nagdana, 1675. 

olibanum, 1676-7. 

opopanax, 1677. 

• — orange, 1677. 

Peru balsam, 1677-8. 

— — phonnium, 1678. 

piney, 1678. 

— pitches, 1678-80. 

retioite, 1680. 

rimu, 1630. 

rosin and rosln-oil, 1680-1. 

sagapenum, 1681. 

sandaracb, 1681-2. 

8arcOcoIla,:1682. 

satin-wood, 1682. 

schaufiie. 1682. 

storax, 16S3-3, 

tamanu, 1683. 

tars, 1683-^. 

tendoo and gaup, 1684. 

thus, 1684. 

tolu, 1684-5. 

tragacanth, 1685-6. 

turpentine, 1686-92. 

varnishes, 1692. 

wood-apple, 1692-^. 

xaiithorrhoea, 1693. 

Resinous matters, removal of from 
oils, 1460. 

Resorcine, 683. 

phthaline, 632. 

Retenage of leather, 1234. 

Retinite, 1680. 

Retinodendron lance«folia (resin) 
1678. 

Retorts, ammonia, 240-1. 

ferrocyanide potassium, 269 

271, 272. 

for refining sulphur, 885. 

“ — — wood disiilling (acetic 
acid), 9-12, 15-19, 19-21. 

hydrochloric acid, 104-9. 

nitric acid, 155-8. 

oxalic acid, 164-6. 

paraffin, 1511. 

sulphuric acid, 92-6 

wood charcoal, 883. 

Retouching negatives, 1539-40. 


Retting, 967. 

Revivifying animal charcoal, 1853-4, 
1923^. 

Revolving ball-furnace (soda), 292. 

fiat card (cotton manuf.), 747. 

Reworking indiarubber compounds, 
i 1161. 

Rhaninus cathartica (drug), 795. 

I Frangula (gunpowder), 882—4, 

(timber) 2015. 

spp, (dye), 855, 864, (tea) 2010. 

Rhapis flabellitonnis (cane), 597. 
Rhatany, 820. 

Rhea plumes, 908. 

spp, (feathers), 908, 

Rh^ea fibre, 921. 

Rheum spp. (drug), 820-2. 

viilgare (oxalate potash), 277. 

Rfalgplene, 1446. 

Rbizuphora Mangle (tannin), 1994. 
Khodium-oil, 1430. 

Rhododendron spp. (narcotic), 1324, 
(tea) 2010 
Rhubarb, 820. 

(oxalate potash), 277. 

Rhus Metopium (resin), 1621. 

spp. (resin), 1623, 1692, (tan- 
nin) 1984, 1988-92, (wax) 2045. 
RbyncoKUns spp, (oil), 1367- 
Rbyncopborus spp. (cane disease), 
1869- 

' Rib-top frame, 1194. 
j Rice-starch, 1826-7. 

Richardia spp. (dnig), 813. 

' Ricbardsooia .-pp. (drug), 813. 
Riciaus communis (shade), 716, 
(drug) 798. 

! Ricinussamenol, 1380-2. 

Ricinus spp. (oil), 1380-2. 
j Rigaud and Dussart's flower-still, 
1458. 

! Rigg's chromo-litho process, 1606. 

^ Righter for upper leathers, 1234. 

I RiUeux's begass furnace, 1877. 

I triple-effect vacuum - pan, 

I 1897-8. 
j Rimu, 1680. 

Riug frame (cotton manuf.), 761. 

' Ripe copal. 1641. 

I River pearls, 1517. 

Roach alum, 1295. 

I Roberts, Dale, & Co-’s processes 
(oxalic acid), 169, 170, 172, 173. 
Robert’s diffusion process ior b^t, 
1843-4. 

for cane, 1881-3. 

lightnlng.proof oil-tank, 1445. 

Robinia pseuuo-acaciu (timber), 
2012. 

Robinson and Andrews' twist- 
tobacco machine, 1342-5. 

Roble Colorado (tannin), 1994. 
Rocella spp. (dye), 862, 864. 

Rochelle salts, 190, 279. 

Kock-alum, 1295. 

dammar, 1645. 

gwauos, 1264. 

oil, 143.3-47. 

salt, 1719-34. 

cc*miK^ition of, 1724, 

mining. 1723-4. 

working, 1725. 

Rocou, 855 

Roeckner’s paper liquor evaporator, 
1506. 

Roessel’s machine (fibres), 926. 

Rohr, 595-8. 

Ruhrencassie, 798. 

Rohrzucker, 1860-1902. 

Rohun wood, 2020. 

Roi bouquet, 1531, 

Roka oil, 1415. i 

Roland's machine (fibres), 927. 

Rolled plate-glass, 1061. 

Roller cird (c«»tton manuf.), 744. 

Roll tobacco, 1342—4, 

Roman cement, 620. 

vitriol, 1297. 

Rondeletia bouquet, 1531. 
Roofing-tiles, 1572-3. 

Rope, 1695-1710. 

factories, 1697. 

for paper, 1485, 

walks, 1696. 

Ropes, 1704-10. I 

Eosa spp (oU), U2r-30. I 


RoBaniline, 660. _ 

Kosbacb water, 364. 

Rose extracts, 1529. 

Rosemari^il^ 1430. 

wild •(narcotic), 1308, (oil) 

1430. • 

Rosenol, 1427-30. 

Rose-oil, 1427-30. 

otto, 1427-30. 

satihet, 1531. 

soap, 1790, 1792. 

water, 1427-30. 

Rosewood, 2U20, (oil) 1430. 

Ro^l^, 1624, 1625, 1680-1, 2024. ^ 

for boap-making, 1767. 

oik 1681, 2026. 

in mixed oyi^stimatioii 

of, 1467-9. 

Rosmarinus officinalis (oil), 1430. 
Rosmarus obesus (ivory), 11*^, (oil) 
1374. 

Rosolic acid, 680. 

Rossling and Reichardt's method 
(starcb-su^r), 1919. 

Rotatory power of sugars, 

Rottlera tinctoria (dye), 861, (oil) 
1415. 

Rothesblutlangensalz, 267-8. 

Rothes Schwefelanjenik, 340. 
Roughing flax, 1243. 

glass, 1074. 

bats, 1120. 

Round cardamom, 1804. 

Roussa grass (fibre), 919. 
Roussclot’sS-roller cane-mill, 1873-4, 
Roussilon’s photo-engraving process, 
1619. 

Roving cotton, 752. 

frame for flax, 1249-51. 

jute, 1181. 

Royal Hunt bouquet, 1531. . 

Rubber stamp, inks for, 1172. 
Rubbing machine (bleaching), 516. 
Rtibenzucker, 1831-60. 

Rubia spp. (dye), 862-3, 863-4. 

' tinctoria (oxalic acid), 172. 

I Ruby, 1043. 

Rue, Syrian or Steppe (narcotic), 
1324 

Oil, 1430. 

Ruelie revivifying kiln, 1853-4. 
Rueilia mdigotica (dye), 858. 

Rum, 228. 

Rumex spp. (oxalic acid), 161, 277. 
Russia leather, 1236. 

phwpbatcs, 1264. 

Rust on sugar-cane, 1869-70. 

Ruta graveolens (oil), 1430. 

SabADIRLA offleinamm (drug), 
79.8. 

j Sabadillsamen, 798. 

! Sabiil Palmetto (fibre), 994. 

; Sabicu woo«i, 2‘)20. 

Sable fur, 1031. 

Russian (fur), 1031. 

Sabzi (narcotic), ^1306. 

Saccharine solutions, alum from, 
330. 

substances, Cleiget’a tables, 

1949-51. - 

Sviccharometere, optical, 1957-62. 

Saa harometry, 1942-71. 

Saccharose, 1830. 

Sdccharum officinamm (sugar), 
i860. 

spp. (fibre\ 994. 

Sack tree (fibre), 919. 

Sacqui (fibre), 916. 

Saddening-irons, 1299. • 

Safflijwer, 865, (oil) 1410. 

Saflron, 866, (oil) 1430. 

Safranme, 662. • 

Sagapenum, 1624, 1626, 1681, (oil) 
1430. ^ 

Sage-oil, l450. 

Sageretia theezans (tea), 2011. 

Saggers, 1569-70. • 

Sago, 1827-8. 

— ■ • . - 1827, 

Sagns amaricum (nut), 1367. 

s^. (fibre), 994. 

tSdJgera (oil), 1392. 
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Saindonx, 136e-7. 

St Ignatius* bean, 231, 822. 

• Martin’s Island phosphate. 
1264. . • 

Salabreda gum, 1631. • 

Salad-oil. 14u6. 

Salangore sugir-cane, 1861. 

Sdl dainniar, 1644. 

^licorDia sp. (oxalic acid). 161, 
(suda) 281) « 

Salicylic acid, 681. 

Salisbuna adiantifolia (nut), 1357. 

^ Salix alba (gunpowder), 882-4. 

fragilis (diug), 818. 

spp. (fibre), 995, ^timber) 2022. 

Salmalia malabarica (resm), 1674. 
Salmon-%^> 13M. 
Salpetersaure,T48-60. 

Salpetersaurcs kali, 273-7. 

Salstla spp. (oxalic acid), 161. (soda) 
280. 

Salt, 1710-40. 

bay-, 1714-9, 1732-3. 

Jjmled, 1732. 

^^ck-), composition of, 1724. 

(sea-), composition of, 1713. 

(white), composition of, 1735. 

cake, 317-8. 

making, 280-9. 

cost of, 461. 

fine, 1732. 

fishery-, 1732-3. 

for soap-making, 1769. 

gardens, 1716. 

glazing. 1572. 

maker’s tools, 1717. 

making by freezing, 1718. 

manufacture, profits of, 1739- 

40. 

marshes, 1716. 

nomenclature of, 1728. 

of lemon, 277. 

of Saturn, 32, 

of tin, 1301. 

“ preparing,” 317. 

origin and occurrence of, 1711- 

14. 

pans, 1728-39. 

. scale, composition of, 1733. 

sea-, 1714-9. 

solubility of, in water, 1711. 

— — solutions, specific gravities of, 
1711. 

stoves, 1731. 

unboiled, 1732-3. 

white, 1724-40. , j 

works, Ideal anangement, I 

1739. 

Salterns, 1714-6. 

Saltpetre, 273. 

refining (gunpowder), 884. 

Saltpond oil, 1407. 

Salvia Chio (oil). 1415. 

officinalis (oil), 1430. 

Salvadora sp. (oE), 1392. 

Sal wood, 2020. 

Salz, 1710-40. ^ 

- . ’• ; ■ • •). 

Sambucus nigra (cm;, 1420. 

Samming leather, 1237. 

Sanani gum, 1654. 

Sandal- wood, 1527-8. 

extract, 1529. 

^ oil, 1430. 

Sandarach, 1624, 1625, 1681-2, 2024. 
Smdaraque, 1681-2. 

Sandarus (resin), 1641. 

San^rusiza miti (resin), 1641. 
SanJ'lholz, 1527-8. 

Anders-wood, 867. 

Andpapering hatS, 1116. 

Sandfe-oil, 1376. 

Sand soap, 1789. ^ 

Sandford & Mallory mSbhine (fibres), 

917. 

Sang dragon,^648-9. 

Angue del drago, 1668. 

Sanseviera zeylanica (fibre), 995. 

S^ta Fe nutmeg, isy, 

Santal citrin, bois de, 1527-8. 

Santalnm spp. (oil), 1420, (perfume) 
1527-8. 

Sapan-wood, 867. * , 


Sap green, 1549. 

Sapindus spp. (oil), 1360, 1411, 
(resin) 1694. 

Sapinette, 424-5. 

Sapium scoparium (r^in), 1665. 

sebifera oil, 1412. 

Saponaria officinalis (oil), 1446. 

I Saponification, 579-82, 58a-6, l764r-5. 
Sapota, 1635, 1639. 

iluHeri (reain), 1635-6, 1639. 

Sapphire, IQia 

Sipucaya-nut, 1359, (oil) 1414. 
SarcocolU, 1682. 

Sarcostigma Kleinii (oil), 1397. 
Sardine-oil, 1369-70. 

Sarothamous vulgaris (drug), 795. 
SarsaparEla, 822. 

Sassafras, 823. 

camphor, 578. 

officinalis (drug), 823. 

oils, 1430-1, 1640. 

Sassa gummifera (resm), 1632. 

Sa'^y, 823. 

Satchels, 1531-2. 

Satin-wood, 2021, (gum) 1682. 
Sauerkleesaure, 160-74. 

Saul wood, 2020. 

Saure, 1. 

Saures weinsaures kali, 279. 

Savakin gum, 1631-2. 

Savin-oil, 1419, 1431. 

[American] (oil), 1419. 

Savon, 1764-97. 

Sawdu-it as source of acetic ‘acid, 
15-19. 

oxalic acid from, 169-72. 

Saw-fish oils, 1376. 

Saxon blue, 1548. 

Scammony, 823, (resin) 1624. 
Scaraoni’s photo-engraving process, 
1618. 

Scarab®us auratus (drug), 796. 
Scantication, extracting essential 
oils by, 1457. 

Scarlet finishing-spirit, 1302, 

spirit, 1302. 

Scented soaps, 1789-92. 

Schabzieger cheese, 1528. 

Schaffner’s process (soda), 312. 
Schaofite, 1682. 

Scheele’s green, 1549. 

Scheibler’s elution process for beet- 
moiasses, 1859-60. 

Scheidewasser, 148-60. 

Schlfi■^pech, 1679. 

SchiDz’s apparatus (potassium fer- 
rocyanide), 271. 

Scblafmittel, 1305-21. 

Sclilangenwurzel, 825. 
Schleicberatrijuga(oii), 1415, (resin) 
1668. 

Schmack, 19SS-92. 

Scbmalz, 1366-7. 

Schmersohl & Bouk’s process (sul- 
phuric acid), 100. 

Schnaps. 222. 

Schnellerkase, 794. 

Schneider & Laming’s process (sul* 
phunc acid), 100. 

Schcenacaulon officinale (drug), 
798. 

Schottensand, 1903-4. 

Schreiber’s charcoal-washer, 1852-3. 

revivifying kiln, 1853. 

Schroeder’s pan (cane-sugar), 1893. 
Schultz’s powder. 897. 

Schusterpech. 1679. 

Schutzenbach’s maceration system 
(beet-juice), 1839-40. 

Schwamm, 1817-21. 

Schwartz's apparatus (acetic acid), 

20 . 

Schwarzes pech, 1679. 

! Schwefelkohlenstoff, 601-8. 
SchwefeNaure, 51-101. 

Schwefelsaures baryt, 361-2. 

kali, 278-9. 

natron, 317-8. 

Schweinfurth green, 1549. 

Scilla spp, (drug), 825-6. 

Scille, 825-6. 

Scirpus lacustris (fibre), 996. 

Scopolia japonica (drug). 794. 
Scorodosma foetida (resin), 1624. 

Scotch pearls, 1517. 

Scrape, 1684, 1688. 


Scrapmg machine (fibres), 913, 
Screening artificial manures, 1271. 
Screw-pine (fibre), 986. 

\ )US 

vapours, 1273. 

Scrubbing coal-gas, 241. 

Scucldiog leather, 1232, 

Scutch as manure, 1266. 

Scutching cotton, 741. 

flax, 973. 

Scymnus t.pp. (oil), 1370-1. 
Sea-hog-OJl, 1365, 

4ii>rse-oil, 1374. 

-otter fur, 1032. 

salt, 1714-9. 

composition of, 1718, 

water, chloride potassium 

from, 265-6. 

composition of, 1715. 

wolf-oil, 1376, 

Seal fur, 1032, (oil) 1370, (skins) 

1758. 

Sebastian, 901, 

Seed-oils, 1410. 

extraction, 1451-5. 

Seehundsbl, 1370. 

Seesum wo^, 2021. 

Seide, 1741-8. 

Seidelbast, 82S-9, 

Seidengewerbe, 1748-56. 

Seidlia lancejefolia (resin), 1678. 
Seidlitz water, 367. 

Seife, 1764-97. 

Seigle ergote, 810. 

Sel, 1710-40. 

de Satume, 32-4. 

gemme, 1719-24. 

niarin, 1714-9. 

Selacbe maximus (oil), 1370-1. 
Self-tastening buttons, 569. 

Seltzer water, 364. 

Semecarpus Anacardium (ink), 1169, 

spp. (resin), 1692. 

Seraences de Carvi, 1803, 

Semencme, 826-7. 

Semen-contra, 826-7. 

Senega, 824. 

Senegal gum, 1621, 1631. 

Senf, 1810. 

Senna, 825. 

Sennar gum, 1631. 

Sensitive paper, albumenized, 1540. 
l^nsitizing carbon-tissue, 1541. 
Separator for paraffin, 1515. 

Sequaoll, 1414. 

Seraglio pastilles, 1530. 

Serapit (re>in), 1657. 

Serbat lute, 631. 

QAri/vi/xil*.,.... I •> .j 

' : ■■■ 863. 

Serpeutaire, 825. * 

Serpentary, 825. 

Sesame-oil. 1388-90. 

SesambI, 1338-90 
Sesamum spp. (oil), 1388-90. 

Se^bama aculeata (fibre), 996. 
Sesquioxide of chrome, 1296. 

Setliia iudica (resin), 1684. 

Sevres p«*rcelain. 1594r-6. 

Sewing silk, 1755. 

Sewings, 1763. 

Seyferth’s elution process for beet 
molasses, 1859-60. 

Shaddock, 1026. 

Shajar el sandarus (resin), 1641. 
Shale-oiK 1433, 2032. 

Shanks’ apparatus (soda), 296. 

Shaping hats, 1117. 

silk hat-?, 1126. 

Shark-oil, 1364, 1370-1. 

Shaved hides, tannage of, 1232-3. 
Shaving soaps, 1792. 

Shawl goat-hair, 1097. 

Shea-butter, 1410. 

Shed, treatment of sole-leather in 
1231. 

Sheep-skins, 1758-9. 

varieties (wool), 2053-6. 

Sheet-gla-ss, 1057. 

blosving. 1066. 

manufacture, 1063. 

spreiiding and annealing I 

kiln, 1066. ; 


Sheet rubber, 1145. 

Shellac, 1668-73. 

ground, 1693. ' 

Shell-bark oil, 1392. 

Shimptee gum, 1651. 

Shier’s process for defecating cane- 
juice, 1887. 

Shir (resin), 1634. 

Shirt-buttons, 559. 

Shoddy, 2057-8. 

as manure, 1266. 

Shorea robusta (timber), 2020-1. 

spp. (resin), 1624, 1644, 1668.® 

Shorts of flax, 1244. 

Snumac, 1488-92. 

Siam benzoin, 1637-8. 

I Siberian fungus, 1324. 

S da cananensis (tea). 2011. 

spp. (fibre), 911, 996. 

Siddhi (narcotic), 1306. 

Sideroxylou attenuatum (resin\ 
1627, 1652. ^ ^ 

spiiiosum (oil), 1377-8. • 

— spp. (resin), 1665. 

Siemens’ gas furnaces for potterv. 
1565-8. 

regenerative gas furnace. 

1053. 

sieve (starch), 1824. 

Sieves (starch), 1824-5. 
Sifting-machines (>tarch), 1824^. 
Sight-glass for vacuum-pan, 1857. 
Silica as a mordant, 1300. 

Silicate potassium, 277, 

sodium, 316. 

SilicatHd soaps, 1786-8. 
Silicoborocalcite, 527. 

Silk, 1741-8. 

bleaching, 518. 

and scouring woven silk 

520. ’ 

silk yam, 518-9. 

cleaning, 1750-1. 

cotton, 932. 

deniering, 1753-4. 

drammmg, 1753-4. 

dyeing, 1754. 

gr.iss, 985. 

hard, 1764. 

bats, 1121. 

manufactures, 1748-56. 

noil, 1755. 

oiled, 2032. 

— production and commerce, 
1741-7. 

raising, 1741. 

reeling, 1753-4. 

sewing, 1755. 

sizing, 1754, 

soft, 1754. 

spinning and doubling, 1751-3 

spun, 175-^. . 

thrown, 1754. 

vegetable, 939. 

waste, 1754-6. 

weaving, 1756. 

weed, 920. 

winding, 1749-50. 

— — ^woven, scouring and bleaching, 

yarn, 1755. 

~519~2^ t>leaching and tinting, 

scouring with acids, 

519. 

scouring with alka- 

Ime carbonates, 519. 

7. scouring with caustic 

alkalies, 519. 

scouring with soap, 

519. 

sulphuring, 519. ^ 

twisting, 519-20. - 

Silkworm-gut, 610, (oil) 1376. 

Siipha opaca, 1835. 

Silurus spp. (oil), 1376. 

Silver amalgam, 334. 

assay, 356. 

cloth, 920. 

detection, 349. 

Y moth, 1835. 

Silvering, s77. 

Simaruba spp. (drug), 820. 

Simbolee-oil, 1410. 

Simiri (resin). I666. 

Simli gum, 1694. 
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spp. (oil), 1396, 1424, (spice) I 
1810. ! 
Siiiclair*s efiparto boiler, 1487. 
Singapore dammar, 1644. 

Smgeb^ rope and twine, 1701. 

' Singhara-nnt, 1359. 

Sil^^e aqnafort^, 1302. 

flAY, 1249. 

muriate of tin, 1301. 

trimmer print^ 1541-2. 

Siphocampylus sp. (resin),1628. 
S^honia elastica (oil), 1411. 

spp. (mbber), 1627, 1661-4. 
Siringa-oil, 1411. x 
Siris (resin), 1632. 

^al hemp, 916. ^ 

Sison Amommn (drag), 791. 

Sissn wood, 2021.' 

Site for paper-mill, selection of, 
1507-8. 

622. 

. Siadng cotton, 766, 770. 

— ~ e^)arto, 1489-90. 

jnte, 1185. 

machines (cotton mannf.), 773. 

[tub-] papCT, 1500-1. 

silk, 1754. 

twine and rope, 1701-3. 

Skimi (spice), 1802-3. 

Skin, anatomical structore, 1213. 

chemical composition, 1217. 

Skins, 1757-61. 

Skoda’s press for drying exhaxwted 
bect-slicea for cattle-food, 1846. 
Skunk fur, 1033. 

Slag from blast-hiruace for glass, 
1076. 

Sleeker for leather, 1234. 
Slicing-machines for beet, 1843. 

for sugar-cane, 1880, 1881. 

Slide for vacuum-pau, 1857. 
Sl^ovitch, 1027. 

Slip pump, 1575. 

Slubbing cotton, 751. 

Smallwares, 1761-4. 


163. 

aration, 

1040 -^. 

Smoothing plate glass, 1062. 

Smut on sugar-cane, 1870. 
Snake-rooc, 825. 

Sneezewood, 2021. 

Soaking hides, 1219. 

Soap, 1764-97. 

action of, 1792-4. 

analysis, 1792-6. 

antiseptic, 1789. 

bibliography, 1802. 

boiled in open pans, 1777-9. 

under pressure, 1773-4. 

brown almond, 1789. 

"Windsor, 1789-90. 

carbolic acid, 1789. 

cold process, 1771-3. 

water, 1789. 

coloured, 1791. 

commerce, 1797. 

coppers, 1774-5. 

emptying, 1781. 

crutching, 1785-6. 

curd, 1779. 

curing, 1783. 

cutting, 1781-3. 

disinfecting, 1789. 

drying, 1783. 

elder-flower, 1791. 

essences, 1792. 

exports, 1797. 

fan, 1775-6. 

ftp, 1776-7. 

filled, 1785-8. 

fitting, 1780. 

■ floating, 1792. 

frames, 1781. 

— from fatty acids, 1771. 

— — neutral fats, 1771-4. 

glycerine, 1789, 1792. 

hard, 1777-9. 

clear-boiling, 1779. 

separation, 1779. 

honey, 1789, 1792. 

- — ho'.sehold, 1789. 

hydrated, 1777. ^ 

industry, 1796-7. j 


Soap, laundry, 1789. 

• lemon, 1791. 

leys, 1800. 

manufacture, 1770-92. 

mannfectnrers*, 1786-9. 

marsh-mallow, 1790. 

millefleur, 1791. 

mixing, 1785-6. 

mottl^ 1780. 

blue-, grey-, and red-, 

l787-a. 

moulding, 1783-4. 

neat, 1770-84. 

nut. 1360, (^oil) 1411. . 

orange, 1791. ^ 

pans, 1771-5. 

perfumed, 1789-92. 

plotting, 1790-1. 

powdered, 1792. 

pumps, 1778. 

railway-grease and glycerine, 

1764-1802. 

raw materials, 1766-9. 

rose, 1790, 1792. 

sand, 1789. 

scented, 1789-92. i 

shaving, 1792. 

silicated, 1786-8. 

soft, 1774-7. 

stamping, 1783-t. ; 

steam-twirl, 1771-3. 

suds, recovery of grease from, 

1455-6. 

thymol, 1789. 

toilet, 1789-2. 

transparent, 1792. 

valuation, 1792-6. 

violet, 1792. 

yellow, 1780-1. 1 

Soaps as mordants, 1305. | 

Socotran dragon’s-blood, 1648. 

Soda, 279. 

aluminate, 1787. 

ammonia soda, 311-2. 

ball soda, 289-95, 

basis of sale, 301. 

black ash, 289-95. 

boiling down soda liquors, 

298-9, 

carbonate, manuftcture, 286- 

302. 

carbonating black ash, 299-301. 

caustic Soda, 305-10. 

crystals, 303-5. 

for soap-making, 1767-8. 

from plants, 280. 

hyposulphite, 1300. 

Le Blanc’s process, 280-6. 

lixiviation of black ash, 295-9. 

picrate, 680. 

recovery from paper liquors, 

1505-8 

refined alkali, 302-3. 

sources, 279-80. 

staunate, 1303. 

sulphate, 280-9. 

Hargreave’s process, 287. 

Jones & Walsh’s process, 

286. 

sulphopyroterebate, 1305. 

sulphoricinoleate, 1304-5. 

table of percentages, 302. 

utilization of tank waste, 312. 

water, 367. 

Sodium acetate, 37. . 

acetic acid from, 21-2. 

amalgam, 334. 

arsenate, 314. 

bicarbonate, 305. 

carbonate, 279. 

chloride, 1710-40. 

hydrate, 305, i 

by^sulphite, 314. 

iodide, 314. 

nitrate, 315. 

phosphates, 316. 

silicate*;, 316. 

stannate, 317. 

stannite, 317. 

sulphate, 317. 

tungstates, 318. 

Sod-oil, 1371. 

Softening jute. 1177. 

Soft soaps. 1774-7. 

Sohaga (borax), 533-5. 

Soie, 1741-8. 


Solerie, 1748-56. 

Soja hi^ida (oil), 1378, (spice) 1814. 
Solannm qip. (starch), 1823-6. 

Solar camera, 1535. 

Solders, 324. 

Sole-leather hides, 1218. 

management in the tan- 

house, 1229. 

treatment of, in the shed, 

1231. 

Solenostemma Argel (drug), 825. 
Solidago odora (tea), 2010. 

Solubility of salt iu water, 1711. 
Soluble glass, 277-8, 316. 

Solvents for extracting fatty oils, 
1454-^. 

plant odours, 1456-7. 

Sombrero hats, 920. 

phosphate, 1264. 

Somo (spice), 1802-3. 

Sont (re>in), 1632. 

Soobgee-hoo (perfume), 1526. 

Sooja (oil), 1378. 

Sorbin, 1830. 

\ .' "'r. 


culture in England, 1914. 

harvesting, 1910. 

juice dtfecators, 1912-3. 

evaporators, 1911-2. 

planting. 1909. 

preparation of the ground, 1909. 

qualiiies, 1908. 

range, 1913-4. 

seed, 1909. 

soil, 1909. 

spp. (broom-com), 542-3, 

(sugar), 1908-14. 

sugar, 1908-14. 

factory, 1913. 

local details, 1913-4. 

manufacture, 1911-3. 

syrup.coolers, 1913. 

time of planting, 1909. 

time to cut, 1910. 

transport to mill, 1911, 

varieties, 1908-9. 

Sorting flax, 1246. 

Souari-oil, 1379. 

Soude, 279-318. 

South American copal. 1666. 

Sea arrowroot, 1822. 

Soy, 1814. 

Soymida febrifuga (resin), 1694, 
(timber), 2020. 

Spaniscber I^effer, 1803, 

Spanish aloe, 912. 

broom, 997. 

flies, 796. 

moss, 998. 

phosphate, 1261. 

white, 1551. 

Sp.artiDa spp. (fibre), 997. 

Spartium junceum (fibre), 997. 

spp (drug), 795. 

Spathodea Rheedii (fibre), 997 
(resin), 1668. 

Spatbsaure, 147-8. 

Spearmint-oil. 1427, 1431. 

Specific gravity acetic acid, 5, 26-7. 

alcohols, 214-7. 

ammonia, 238-9. 

cane-juice, 1872. 

carbonate potash, 254. 

caustic potash, 251. 

ferricyanlde potai-h, 268. 

ferrocyanide potash, 268. 

hydrochloric acid, 3, 102 

lime sucrate solutions. 

1930. * 

liquids heavier than water. 

2-3, ’ 

; — lighter than water, 2. 
nitrate soda solutions, 315. 

nitric acid, 4, 148-50. 

resins, 1622. 

salt solutions, 1711. 

soda. 306. 

starch-sugar solutions, 

sulphate potash, 278. 

* sulphuric acid, 3. 


Specific gravi^ tables, 1768, 
spelter, 324. 

^nce's kiln (sulphuric acid), 84. 

processes (alu&i),.328, 329. 

Spent tan furnace, 1228. 

Spermaceti, ^89, 1371-2. 

Sperm-oil, 1371-2. 

Sphenopborus sacchari (cane dis* 
ease), 1869. « 

Spices anif condiments, 180a-l7. 

^ — aniseed, 1802-3. 

— bibliography, 1817. 

capsicums, 1803. 

caraways, 1863. 

' cardamoms, 1803-4. 

cassia, 1804-5. ^ 

chiretta. 1^. ^ 

cinnamon, 1805-7. 

cloves, 1807-8. 

coriander, 1808. ^ 

galangal, 1808-9. 

gentian, 1809. 

ginger, 1809-10, 

mustard, 1810. 

nutmegs and mace, 1810 

- 2 . 

pepper, 1812-4. 

pimento, 1814. 

soy, 1814. 

vanilla, 1814-6. 

Spiel-waaren, 1761-4. 

Spigelia marilandiea (drug), 825. 
Spike, oil of, 1423. 

Spikenard, 1525. 

Spinacia oleracea (oxalic acid), 161. 
Spinning cotton, 753. 

jute, 1183. 

machioes for flax, 1252. 

rope and twine, 1697-8. 

sUk, 1751-3. 

Spirit, amaranth, 1302. 

aniline, 1302. 

barwood, 1303. 

bowl, 1302. 

crimson, 1303. 

finishing, 1302.' 

methylated, 214. 

of Minderus, 29-30, 

of turpentine. 1688-91. 

orange, 1302. 

plun), 1302. 

proof for hats, 1111. 

purple, 1302. 

cotton, 1303. 

red cotton, 1303. 

scarlet, 1303. 

finishing, 1302. 

tartar, 1304. 

varnishes, 2036-7. 

washing caiie-st^ar, 1900. 

yellow, 1302. 

Spirits, definition, 214. 

of wine, 214. 

Spiraea Ulraaria (oil), 1424. 

Spimts and splint-cutting (matches), 

Beecher's fiH'*ng and catting 

machines (matches), 1288-92. 

Pace’s pointing machine 

(matches), 1282-6. 

Young’s cutting and filling 

machines (mathes), 1286-8. 
Spondia spp. (resin), 1621. 

Spoudias mangiiera (resin), 1694. 

sp. (oil), 1368-9. 

Sponge, 1817-21. 

bibliography, 1821. * 

process for extracting essential 

oils, 1457. 

Spongia 6pp., 1817-21. 

Sponia spp. (fibre), 997. » 

\Vightii (coffee shade), 714. 

■Spreading and annealing kiln for 
sheet-glass 1066. , 

frame for flax, 1247-9. 

' — ;■ rubber, bl46. 

Spring flowers bouquet, 1531, 
Sprosseubier, 424-5. ^ 

Spruce-beer, 424. 

fir, 2021. 

Norway. 2014. 

' Spun glass, ms. 

silk, 1754-6, 

Spurge-laurel, 818. 

Spurred «ye, 810. 

‘ Squalus spp. (oil), 1376-1. 
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Squeezers (linen bleaching), 515. 
Squeezing machme (fita-es), 914. 
Squill, 82Su 

Squine, 799. • • 

Squirrel fur, 1033. 

Ssant (resin), 1632. • 

Ssolfar (resin), 1631-2. 

ScMJhytarpha jamaicensia (tea"), 
^010. ^ ^ 
St^hjtarpheta jamaicensS (tea). 
2010 . ^ 
Stadmunnia sideroxylon (oil), 1894. 
gained glass, 1084. 

Stains fw glass, 1085. 

hats, 1113, 1120. 

St^ng-^^e for glove* kid (leather), 

Stalagmites o*lifolius (resin), 
1650. 

Stampteg-mill for flint, 1561. 

soap, 1783-4. 

Stannate soda, 1303. 

sodium, 317. 

^anoi^l^loridc, 1302. 

bydrochlorate, 1032. 

salts, 1302. 

Stannite sodium, 317. 

Stannous chloride, 1301. 
Staphisaigre, 826. 

Staphylea primata (oil), 1379. 

Star anise, 1802-3, (oil) 1417. 
Siirbuck Island guano, 1265. 

Starch. 1821-9. 

arrowroot, 1822-3. 

bibliography, 1829. 

bleaching. 1825. 

buckwheat. 1823. 

drying, 1825-6. 

greenheart, 1823, 

gum, 1645-7. 

horse-chestnut, 1823. 

maize, 1823. 

paste, 623. 

plantain, 1823. 

potato, 1823-6. 

rice, 1826-7. 

sago, 1827-8. 

sugar, 1830, 1914-21. 

— analysis, 1963-5. 

— boiling, 1915-6. 

— . capillair-syrupand sugar, 
1920. 

— — evaporation and refining, 

1917-8. 

— — — formation, 1914-5. 
granulated, 1920. 

— manufacture, 1915-20. 

— — neutralization and filtra- 

tion, 1916-7. 

other methods of manu- 

factnre, 1918-20. 

packing, 1917-8. 

— — patents, 1938-40. 

principles of manufacture, 

1915. 

— uses, 1921. 

tapioca, 1S28.^ 

* transformation into sugar, 
1914-5. 

— . . washing, 1824-5, 1829. 

wheat. 1828-9. 

Sta’-chlng-mangle (blteching), 496. 
Starke, 1821-9. 

Starkegummi, 1645-7. 
Starkemeblgummi, 1645-7. 
Sra»sfurtite, 526, 531. 

Stavesacre, 826. 

Steam (sulphuric acid), 64, 89. 

boileirs and pipes, lute for, 631. 

defecators and clarifiers for 

canA'juice, 1885-6. 

gauge tube (glass), 1067. 

heated pansfo^ue-jmce, 1891. 

tqjrer (sulphuric acid), 75. 

twirl for soap-pons, 1771-3. 

under pressure Cor^ncentrat- 

ing cane-juice, 1891-2. 

Steaming cbest^or hats, 1112. 

Stearic and palmitic acids, melting 
and resolidifying points of mix- 
tures of, 1464. . . 

oleic, and palmiti^^cids, esti- 
mation of, 1463-4. 

Steatomis caripensis (oil), 1376. 
Stechapfel, 826. % 

Stecherie, 1601-20. 


Steednian’s proce^ (acetic add). 

Steel cylinders, engraving, 1614. 

engraving on, 1613-4. 

plating, 881. 

Steindt, 1433-17. 

Steinsalz. 1719^24. 


Steppe rue, 1324.. 

Sterculia acuminata (nut), 1358-9. 

foetida (oil), 1415. 

spp. (fibre), 997, (resin) 1621. 

1685s 

tragacantba (resin), 1686. 

Stereoscopic camera, 1535. 
Stereospermum suaveolens (resin), 
1694. 

Stewart's defecating process (sor- 
ghum sugar), 1912-3. 

Stitk-all cement, 628. 

Stick lac, 1668-73. 

Stiefelwichse, 450-2. 

Stiffening hats, 1110. 

StiUingia sebifera (oil), 1412. 

Stills, absinth, 218-9. 

alcohol, 196-201, 202, 205, 206, 

208-9, 212-3. 

ammonia, 234. 

aniline, 656. 

bleaching powder, 457-8, 462, 

466. 

carbolic acid, 673. 

di-ethyl aniline, 657. 

flowers, 1457-8. 

lime acetate, 34-6. 

nitro'benzol, 655. 

rosaniline, 660. 

paraffin, 1510-2. 

tar, 642. 

turp^-nttne, 1690-1. 

Stinkasant, 1633-5. 

Stinking nutmeg. 1812, 

Stipa spp. (fi»»re), 997. 

tenacissima (fibre), 979-81. 

Stoat fur, l(i30. 

Stockholm tar, 1683. 
Stockinette-machine, 1197. 

Stocks, American double- shover, 
1220. 

for hides. 1220, 

StoUmond for glove-kid (leather), 
1239. 

Stone, cement for, 626. 

engraving on, 1614-6. 

marten fur, 1031. 

Stonemason’s cement, 628. 
Stoneware, 1558, 1570-3. 

cement for, 626. 

manufacture by expression, 

1572-3, 

Stones of flax, 1243. 

Stoning machines (beet sugar), 1836- 
7. 

Stoppering bottles, 1074, 

Storax, 826, 1624, 1632-3. 

liquid, 826, 1626. 1682. 

Storing petroleum, 1445-6. 

sugar-beets, 1834-5, 

Stoves for salt, 17 U. 

Stoving hats, 1115. 

Straits oil, 1368. 

gugar-canes, 1861. 

Stramoine, 826. 

Stramonium, 826. 

Stranding ropes, 1705. 

Strands, 1696. 

StrassbuT^ turpentine, 1691. 

Strauss’ plan of coagulating rubber, 
1664. 

Straw, boiling, 1192. 

cutting, 1492, 

for paper, 1485 . 

treatment of, for paper-making. 

1492 

Strength of terra-cotta, 1588-9. 
Strengthening wine, 442. 

Stricl^ of flax, 1243. 

Striking hides, 1231. 

Stringy bark, 2021. 

Strombus gigas (pearl), 1517, 1520. 
Strontia, 232. 

for defecating cane-juice. 1888. 

in sugar refining, 1928-9. j 

;>Btrophanthu8 sp. (fibre), 998, I 


i Struthio Camelus (feathers) 906-8, 
Coil) 1376. 

Strychnine, 231. 

Strychnos Ignatii (alkaloid), 231-2. 

uux vomica (alkaloid), 231, 

231-2, (diug) 819. 

spp. (drug), 810, 822. 

Studio. 15J6. 

Stuffing upper-leathers, 1234. 
Sturgeon-mi, 1376. 

Stnrmhut 791. 

Styrax spp. (resin), 1624, 1637-8, 
1682-3. 

Soakin 1621, 1631-2. 

Suave bouquet, 1531. 

Substitutes for indiarubber, 1161. 
Succin, 1628-30. 

Succory, 631. 

Sucrate of lime process (beet mo- 
lars), 1859-60. 

(sugar refining), 

1930-3. 

Siicrates of lime, 1943. 

Sucre, 1830-1977. 

'de betteraves, 1831-60. 

de la canne, 1860-1902. 

de Saiurne, 32HI. 

Sucro-d4*xtr<»e, 1830. 

levulose, 1830, 1831. 

Sucrose, 1830, 1942-4. 

Sdcuuba (resin), 1665. 

Suet, 1372-3. 

Sufel Bariala (fibre), 996. 

SuffV'd-til (oil), 1388. 

Suffolk coprolites, 1260. 

Sugar, 1830-1977. 

— analysis, 1942-71. 

— beet-sugar, 1831-60. 

— bibliography, 1976-7. 

— cane-sugar, 1860-1902. 

— consumption, 1975. 

— maple-sugar, 1902-3. 

— melon-sugar, 1903. 

— milk-sugar, 1903-4. 

palm-sugar, 1904-8. 

production and commerce, 1971 

-5. 

refining, 1921-35. 

— soi^hum- and maize-sugar, 
1908-14. 

starch-sugar, 1914-21. 

— summary of patents, 1936-42. 
— - valut^ 1975. 

analysis, cane- and beet-juice, 

1952-5. 

— characters of cane-sugar, 

1942-3. 

Clerget’s tables, 1949-51. 

determination of a^, 

1946-7. 

— of crysta’llzable 

sugar, 1943-4. 

of uncrystallizable 

sugar, 1914-6. 

of water, 1946. 

Fehiing's method, 1948. 

fermentation proce85,1948. 

inversion proc€S.s 1948-51. 

Payen's process, 1947-8. 

results, 1947. 

special processes, 1947-51. 

unknown organic matter, 

1947. 

— beets, 1831-2. 

cleansing, 1836-7. 

climate for, 1832-3. 

composition, 1832. 

cultivation, 1831-5. 

diseases. 1835. 

enemies, 1835. 

harvesting, 1834. 

manures for, 1833. 

pulp-presses. 1838-9. 

purchase, 1835-6. 

rasping, 1837-8. 

soil for, 1833. 

sowing, 1833-4. 

Storing, 1834-5. 

— transport, 1836. 

washing, 1837. 

— candy, 1831. 

— cane analysis, 1955-6. 

artificial manures for.1865. 

ash, analyses, 1864. 

borers, 1869. 

climate for, 1863. 


) 

2137 

Sugar cane composition, 1863-4. 


1868-70. ' ' 

d'sintegrating, 1878-9. 

es ale», drainage, 1866. 

irrigation of, 1866-7. 

laying out, 1866. 

•“ manures producedon, 

1865-6. 

fallows for, 1865-6. r 

green-soiling for, 1865-6. 

hai*vesting. 1868. 

holing, 1867. 

lining out, 1867. 

manures, 1863-6. 

mills, 1873-5. 

comparison of rapid 

and slow, 1874-5. 

motors for, 1875-6. 

moulding and hanMnO , 

1867. 

nature, i860. 

planting, 1867. 

propagation, 1867. 

range, 1862-3. 

ratooning, 1868. 

rotathm, 1865-6. 

sawdust methods, 1879. 

soils, 1863. 

analyses, 1864. 

composition, 1864-5. 

structure and develop* 

ment, 1862. 

tillage for, 1865-6. 

trashing, 1867-3. 

varieties, 1860-2. 

weeding, 1867-8. 

windrowing, 1868. 

yields, 1870-1. 

Sugars, chemistry, 1830-1. 

commercial, composition, 1971. 

— crystdUlzable and nncrystalUz* 
able in cane-juice, 1871-2. 

determination, 1943-4, 

curing, 1857. 

• definition, 1830. 

— • determination, 1956-65. 

draining, 1867, 1934-5. 

first, second, and third, 1867. 

— formation from starch and 
dextrine, 1914-5, 

m cane-juice, proportions, 1872. 

in fruits, 1943, 

muscovado, 1900. * 

of lead, 32-4, 1300. 

”*1888 — (defecating cane-juice, 

oxalic acid from, 163-4. 

patents, brewing-sugars,starch- 

sugdT, and invert-^ugar, 1938-40. 

centritugals, 1937-8. 

— ~ evaporating apparatus, 

filtration, 1937. 

sundries, 1941-2. 

treatment of sugar-cane. 

1936. ’ 

various chemical sub- 
stances, 1940-1. 

raw, salts in, 1927. 

refiuina:, 1921-35. 

alcohol for, 1929-30. 

— 192^7^ alum process, 330-^ 

bag.filters, 1922. 

blow-ups, 1922. 

boiling the syrup, M26-7. 

• centrifugals, 1934-5, 

charcoal-filters, 1922-3. ^ 

* chloride of sulphur for ^ 

1929. ^ 

composition of sugar- 

ashes, 1921. 

dissolving the raw-suimrs. 

1921-2. 

— draining, 1934-5. 

elution process, 1933-4. 

lime sucrate process. 

1930-3. 

oxalic acid for, 1929. 

preventing nuisance from 

char revivifying kilns, 1926. 
revivifying animal char- 
coal, 1923-6. 
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Sugar refining ^nt charcoal and I 
manure, 1266. 

stirontiom for, 1928-9. 

£>ynopsiB of operation^ 

1921-3. 

^ tannin for, 1929. 

scums as manure, 1266. 

... — solutions, sp. gr. of, 1952-5. 

— ^>ecific rotatory power, 1962. 

■ ■1 . - starch-sugar and other glucoses, 

1914-21. 

summary of patents, 1936-42. 

uiicrystallizable,determinatioD, 

1944r-6. 

Snif, 1372-3. 

■ d’arbre, 1412-3. 

de piney, 1408-9. 

de virola, 1377, 

d’os, 1361. 

Soint, carbonate potash from, 259- 
60. 

&tlfure de carbon, 601-8. 

^Iphate alumina, 325, 333, 1295. 

— ammonium, 246. 

■ — as manure, 1259. 

haryta, 361. 

copper, 1297. 

lead, 1551. 

potassium, 278. / 

sodium, 317. 

SnlpWdes (sulphuric acid), 80. 

as depilatories, 1223. 

Sulphite of lime for defecating cane- 
juice, 1887-8. 

Sidpbo-acids of naphthalene, 650. 

-carbolates, 681. 

-carbolic acid, 681. 

carbonic acid, 601. 

— -compounds of anthraqulnone, 
654. 

pyroterebate of soda, 1305. 

-ricinoleate ammonia, 1304-5. 

— — . — soda, 1304-5. 

Solpbur and chlorine compounds , 
for defecating cane-juice, 1888. 

as a morii^t, 1300^ 

— chloride for sugar-refining, 
1929. 

— — from coal-gas, 241. 

soda waste, 313. 

in pyrites, estimating, 87. 

— refi^g (gunpowder), 885. 
Sulphuric add, 51-101. 

. air in chambers, 61-4, 

8S-9. 

I — — anhydrous, 96-9. 

brimstone kilns, 52-3, 

56-7. 

chambers, 52-4. 

construction, 54-6. 

— — commerce, 106-1. 

commercial sources, 52. 

concentration, 92-6. 

— consumption of nitre or 

nitric acid, 79. 

direction of gases through 

the chamber, 65-7, 90. 

division of labour, 67-9, 

90. 

drau^t in chambers, 61-4, 

88-9. 

estimating nitric acid in, 

70. 

oxygen in escaping 

gases, 71-2. 

sulphur in pyrites, 

87. 

sulphurous acid in 

the gases, 70-1. 

from sulphides, 80-92. 

a ice-machines, 1140. 

nitric acid supply, 58- 

Cv 60. 

other proposed methods 

of producing, 100. 

properties, 51-2. 

proportion of sulphur to 

chamber space, 78. 

pyrites combustion, regu- 
lating, 87-8. 

for, 80. 

kilns, 80-7. 

ratiouaie of manufacture, 

52-4. 

recovery of nitrogen com- 
pounds, 72-8. 


Sulphuric add, removal of ai^nic 
from, 90-2. 

sources, 52. 

spe« ific gravity, 3. 

steam for, 56, 89-90. 

in chambers, 64-5, 

89-90. 

strength of chamber acid, 

69-70, 

temperature for kilns and 

chambers, 60-1, 88. 

testing chamber drips, 69- 

70. 

gases, 10-2. 

the make of acid? 79-80. 

uses, 100. 

working results, 78-80, 90. 

works, 52-4. 

anhydride, 51, 96-9. 

Sulphurous acid for defecating cane- 
juice, 1888. 

gas (sulphuric acid), 70. 

Sumach, 1988-92. 

Sumatra benzoin, 1637. 

rubber, 1664. 

Sumbul, 826. 1525. 

Sunflower (fibre), 961, (oil), 1411. 
^unn hemp, 946. 

Superphosphates, 1259. 

Supports for firing ware, 1581-2. 
Sur^ha (perfume), 1526. 

Suriga (perfume), 1526. 

Suspender liquors, 1229-30. 

SQSisholz, 816-7. 

Sweating hides, 1222. 

Sweet-briar extract, 1528- 

flag-oil, 1431. 

gum, 1682-3. 

pea extract, 1529. 

— - wood, 797. 

Swietenia Chloroxylon (resin), 1682. 
*— Mahogani (gunpowder), 884, 
(resin) 1673. 

spp. (timber), 2017. 

Sword-sedge, 963. 

Sycamore, 2021. 

Sykes’ hydrometer, 215. 

Sympathetic inks, 1168. 

Symplocos cratjegioides (oil), 1415. 
Synanthron, 1830. 

Synau rue, 1324. 

8wallow*wort, 920. 

Syringa vulgaris (oil), 1424. 

Syrup, defiaitlon, 1831. 

TaBEUN^.EMONTANA. crassa 
(resin), 1656. 

spp. (resin), 1627, 1665. 

utilis (resin), 1624. 

Tables of actual densities of oils and 
fats, 1469-70. 

analyses of clays, 1559. 

pottery ware, 1558. 

terra-cotta and tile 

clays, 1583. 

cost of illumination, 1547. 

fatty acids, 1765. 

fuU reactions of all the usoal 

oils, 1472-5, 

ingredients of earthenware, 

1575. 

linen yam, 1254. 

pho'phonc acid in phosphates 

and superphosphates, 1265. 

strengths of terra-cotta, 1588-9. 

sugar in cane-juice, 1872. 

water and glycerine in mix- 
tures, 1801. 

Tacamahaca resin, 1624, 1633. 

Tacca spp. (starch), 1822. 

Taches for cane-juice, 1890-1. 
Tachypetis aquila (oil), 1375. 
Tacuma (cane disease), 1869. 
Ta-fung-tsze (oil), 1382. 

Tahiti arrowroot, 1822. 

chestnut, 1353. 

Talca gum, 1621, 1631-2. 

Talch, 1631-2. 

Talg, 1372-3. 

Talha gum, 1631-2. 

Talipot palm, 946. 

Tallicoona-oil, 1395-6. 

Tallow, 579, 1372-3. 

oil in an ordinary oil, estima- 
tion of, 1469. 


Tallow rendering, 1447-8. 

[vegetable), 1412-3. 

I'amanu (oil), 1387-8, (resin) 1624, 
1683, (timber) 2021. 

Tamarak wood, 2016. 

Taiiiaiind-', 826, 1028. 

Tamarind [ManilUi oil, 1415. 
Tamarindus indica (drug), 826, 
(fruit) 1028, (oil) 1415, (resin) 
1694. 

Tamarinba plant as a source of citric 
aciii, 50. 

Tamarix dioica (resin), 1694. 

spp. (drug) 818. 

Tambiuti (timber), 2016. 

Tan, furnace tor spent, 1228, 
Tanacetimi vulgHre, 1431. 

Tanakaha wood, 2021. 

Tan-house, management of sole- 
leather in, 1229. 

Tank salt-pans, 1736-7. 

Tannage of common and shaved 
hides 1232. 

fur shaved hides, 1233. 

Tanneuharz. 1679-80. 

Tanneries, construction, 1228. 
Tannin, 50, 1977-94. 

algarobilla, 1983. 

bibliography, 1994. 

chestnut-extract, 1982. 

cutch, 1982r^. 

definition, 1977. 

divi-divi, 1983. 

for sugar-refining, 1929. 

gaiU. 1983-4. 

gjtmbier, 1984-5. 

general chemistry, 1977-80. 

hemlock, 1985. 

I mimosa or waitle, 1986-7. 

misceilaneons, 1993-4. 

myrobaUns, 1987. 

oak barks, 1987-8. 

quantitative detennination, 

1980-2. 

quebracho, 1988. 

sumach, 1988-92. 

valonia, 1993-3. 

Tanning materials, 1226. 

exhausting, 1226. 

grinding, 1226. ' 

preparation of bides for, 1219. 

woods refuse for acetic acid, 

15-19. 

Tansy -oil. 1431. 

Tape rubber, 1146. 

Tapioc.1, 1828. 

Tapir-grease, 1376. 

Tapirue suillu-* (oil), 1376. 

Tapis, 2095-2106. 

Tai»ptng trees, methods of, 803, 817, 
1639, 1651, 1653, 1655, 1656, 1658, 
1659, 1661, 1662, 1664, 1677, 1634, 
1686, 1687-9, 1691, 1692, 1902-3, 
1905-6. 

Taps (tanning), 1228. 

Tar, coal, ammonia from, 235. 

distillation, 42-3. 

[mineral'], 1433-47. 

oven. 1683. 

Tars, 1633-4, 

Taraxacum, 826. 

spp. (drug), 826. 

Tarragon-oil 1431. 

Tarring rope, 1709-10. 

Tartar, 1303. • 

emetic, 190. 

refining, 184. 

sable fur, 1031. 

spirits. 1304. 

Tartaric acid, 174. 

adulteration, 184-9. 

Gorman method of manu- 
facturing, 182-4. 

manufacture, 174-84. 

occurrence, 174. 

properties, 189. 

Tartrate lime, from crude tartar. 
182.' 

tartaric acid from, 184. 

potassium, 279. 

Tartrate", 189-90. 

Tartre brut, 335. 

Tassoc-fiil, 1376. 

Tauwerk, 1695-1710. 

Tawhero towai (tannin), 1994, 

Tawing leather, 1237. j 


Taxus spp. (timber), 2022. 

Tayebes tor cane-juice, 1890-1. 
Taylor and R^sden’s spindle 
(cotton^anufacture), 765. 

Taylor s filtere, 1889, 1922. 
Tcballeh ^>orax), 533-5. 

Tea, 425, 1994-2011. 

adulterants and substitutes, 

2010 - 1 . 

bikiiography, 2011. • 

b: ick, 20U6-7. 

commerce and values, 2011. , 

cost of a garden, 2004-5. 

c< -St of mauulacture, 2006. * 

cultivating and pruning, 1996. 

cultivation, 1994-8. 

diseases and enemia# 1997. 

Faham, 1528.® 

feimenting, 2001. 

filling up vacancies, 19^-7. 

firing and dholing, 2o01. 

flushes and picking, 1997-8. 

forming a garden, 1995. 

green, 2001-2. ’•* 

Labrador, 1308. 

manufacture, 1998-2007. 

manures, 1997. 

oil, 1411, 1431. 

(Labrador) oil, 1430. 

packing, 2004. 

planting, 1996. 

production and commerce, 

2007-10. 

qualities, 1998-9. 

rolling, 1999. 

sifting and sorting, 2002-4. 

soil and situation, 1995. 

sowing, 1994-5. 

sunning, 2001. 

tools, 1996. 

withering, 1999. 

Tea-rose extract, 1529. 

Teaches for cane«juice, 1890-1. 

Teak, 2021. 

African, 2018. 

tar, 1684. * 

Teazle, 2084. 

Tecuma pentaphylla (tannin), 
1994. 

Tectona grandls (resin), 1668, 1684,' 
(tunber) 2021. 

Teesoo (dye), 867. 

Tegrodera erosa (drug), 797. 

Teiuture, 827-54. 

Telegraph cores, 1152, 1162-3. 

vvire>, insulating, 1151. 

Telfairia pedata. 1415. 

Teiiya (borax), 534. 

Tempering cane-juice, 1886-7. 

Tendoo (resin), 1684. 

Tension of c ironic anhydride, 46. 
i'ephrosia spp (dye), 858. 

IVppich, 2095-2106. 

Terebintbine d’Aisace, 1691. 

de Briangon, 1691-2. 

du Canada, 1686-7. 

des Carpalhes, 1687. 

de Ohio, 16®. 

de Chypres, 1687. 

au citron, 1691. 

commune, 1687-91. 

dTIongrie.l69L 

du melez “ lto9l-2. 

du sapin, 1691. 

baumier, 1686-7. 

de Strasbourg, 1691. 

Suisse, 1691-2. ^ 

— w de Venise, 1691-2. 
Teriak-e-arabistani (narcotic). 1312. 
Terminalia Arjuna (wax), 2045. 

Ben/.oin (resin). 1638. 

coriacea (timber), 2018. • 

latifolia (timb- r), 2013. 

spp. (oil),# 1396, (resin) 1624, 

1638, 1694, (tannin) 1987. • 

tomentosa (resin), 1668. 

Terracotta,^ 558, 1582-7. 

claj s, table of analyses, 1583. 

fire-proof, 15860-7. 

kilns, 1584-5. 

materials, 1583. 

mode^g, 1585-6. 

moulding by machinery, 1686. 

strength, 1587-9. 

Terra japonica, 1982-3, 1984-5. 

Terre #jliee minerale, 37-8. 
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Tesselated and tile pavements, 
1587-94. 

Testing cured indiarubber goods, 
1158. 

indiarubbeftbeet,*fl53. 

thread and tane, ll-;7. 

* petroleum, 1479-8* 

— ^ waterproof fabrics, 1153-4. 

■ wine, 4-11. 

Tests for oils, miscellaneons special, 
1476-7. 

Tetranthera lanrifolia (oil), 1413. 
Tetraonyx spp. (drug), 797. 
•TenJelsdreci^ 1633-5. 

Texan snake-root, 825. 
Thaleiclitfays pacificus (oil), 1366. 
T*- 1^1’ f ’ ■ ' 809. 


I : 


r :4. 


(tea) 


spp. (beverage), 425, 

1994-2011. 

Th^nard’s process for purifying oils 
f ats, 1459-60. 

Tnliatoma Cacao (beverage), 421-2, 
(oil) 1379. 

oil, 1379. 

spp. (cocoa), 684-91. 

Thermometer-tu^, 1073. 

Thespesia populnea (oil). 1415. 

spp. (fibre)» 998, (resin) 1694. 

Thibet goat-hair, 1097. 

Thilorier’s apparatus (carbonic 
acid). 46. 

Tfaiocarbonic anhydride, 601. 

Thior (resin), 1652. 

Thit-tsi (resin), 1692. 

Thlaspi spp. (oil), 1415. 

Thom’s sulphuring stove (bleach- 
ing), 513. 

I'hon, 635-40. 

Thorn-apple, 826, 1325, 

Thom’s experiments (oxalic acid), 
170. 

Tboura gam, 1647-8. 

Thran, 1374-5. • 

Thread bleaching (cotton), 506-8. 
— robber, 1146. 

Threads, 1696. 

Thridace, 815. 

Throstle frame (cotton manuf.), 760. 
Throwing pottery, 1576. 

wheels, 1561-3. 

Thrown eil^ 1754. 

Thus, 1684, 1688. 

Thhja articulata (resin), 1681. 

occidentalis (oil), 1433. 

Thyme-oil-s, 1431. 

Thymus spp. (oil), 1431. 

vulgans (oil), 1373-4. 

Thymol, 578. 

soap, 1789. 

Ti fibre, 919. 

Tia (tea), 2011. 

Tibisiri fibre, 982. 

Tiftik, 1096. 

Tiger fur, 1033. 

TigUum officical#(drug), 809, (oil) 
1386-7. 

Tikhar (starch), 1882. 

Tikor (starch), 1822. 

TiiStn-outan (oil), ^25. 

wangi (oil), ifes. 

Tile clay.N, table of analyses, 1583. 

encaustic, 1587-94. 

from waste glass, 1087. 

pavement*!, 1587-94. 

roofing, 1572-3. * 

Tilia europ ea (oil\ 1424. 

— — parvtfiora (oil), 1415. 

spp, (fibre), 998. 

TillJhdsia’nsneoides (fibre), 998. 
Til-oil, 1388-90. 

Timber. 2012-23. • 

acacia, 2oi2. 

alder, 2012. 

alerce, 2012- • • 

alerse, 2012. 

ash, 20ia» 

assegti, 2012. 

beech, 2012-3. 

bibliography, 202^ 

birch, 20ia ^ 

box, 2013. 

broadlcaf, 2013. 

bullet tree, 2013. % 


Timber, cedar, 2013-4. 

chestnut, 2014. 

commerce, 2022-3. 

cypress, 2014. 

deal, 2014. 

deodar, 2014. 

doawo(^, 2015. 

doomboom, 2015. 

ebony, 2ul5. 

elm, 2015. 

for match-splints, 1277, 1279. 

fir, 2015. 

greenheart, 2015. 

gum, 2015. 

hickory, 2015-6. 

ironbark, 2016. 

ironwood, 2016. 

jack, 2016. 

jarrah, 2016. 

kanyin, 2016. 

kauri, 2016. 

larib, 2016. 

lignum-vitte, 2016-7. 

locust-tree, 2017 

mahogany, 2oi7. 

mango, 2017. 

maple, 2017. 

miro, 2017, 

mora, 2017-8. 

mutti. 2018. 

nan-mu, 2018. 

naugiia, 2018. 

neem, 2018. 

oak, 2018. 

pai-ch’faa, 2018, 

pear, 2018-9. 

persimmon, 2019. 

pine, 2019-20. 

plane, 2020. 

poon, 2020. 

poplar, 2020. 

pymma, 2020. 

pynkado, 2020. 

rata, 2020. 

rohun, 2020. 

rosewood, 2020. 

sabicu, 2020. 

sal. 2020-1. 

satin-wood, 2021. 

sissu, 2021. 

sneezewood, 2021. 

spruce, 2021. 

stringy bark, 2021. 

sycamore. 2021. 

taraanu, 2021. 

tanakaha, 2021. 

teak. 2021. 

toon, 2021. 

totara, 2022. 

walnut, 2023. 

willow, 2023. 

yellow-wood, 2022. 

yew, 2022, 

Timiti (nut), 1357. 

Tin acetate, 39. 

amalgam, 334. 

and ammonium chloride, 1303. 

assay of, 357. 

bichloride, 1303. 

cryst.ds, 13ol. 

detection, .349. 

in muriates, estimation, 1301. 

m soda stannate, estimatioir, 

1303. 

mord.ints, 1301. 

nitrate, 1302. 

oxalate, 1302. 

oxymuriate«, 1303. 

pef-salts, 1 302. 

protocliloride, 1301, 1302. 

pulp, 272-3. 

>olutioTi, 1303. 

Tincal, 533-5. 

Tinea oleelia, 1400. 

sp. (resin), 1671. 

Tino^pora spp. (drug), 811. 

Tipples of fla.v, 1244. 

Tipuana speciusa (tannin), 1988. 
Tisso (dye). 867. 

Tissures, 1761^. 

Tiza (borax), 533. 

Toba^, 1325-50. 

adulteration and substitutes, 

1349-50. 

after-cultivation, 1330. 

— — bulking, 1332. 


Tobacco, cake or ping, 1342. 

camphor, 578, 

cigarettes, 1345-6. 

cigars, 1344-5. 

climate, 1325-6. 

cutting, 1341-2. 

damping, 1340. 

drying, 1331-2, 1342. 

harve- ing, 1330-1. 

mports, duties, and values, 

1350, 

improving, 1333. 

in various countries, 1333-40. 

manures, 1326-7. 

r^^jcellaneous appliances, 1346 

—7. 

nature and properties, 1348-9, 

packing. 1332-3. 

plantinir, 1329-30, 

preparation and use, 1340-8. 

of the field, 1329. 

production and commerce, 1333 

-40. 

roll or twist, 1342-4. 

rotation, 1327. 

seed, 1328. 

beds, 1328-9. 

oil, 1411. 

selection of sort, 1327-8. 

situation, 1326. 

snuff, 1346. 

swl, 1326. 

Sorting. 1332. 

Stripping, 1332. 

and sorting, 1340-1. 

topping and suckerlng, 1330. 

Toddalia aculeata (drug), 817. 
Toddy, 425. 

Toenia Solium, 815. 

Toi (fibre), 945. 

Toi oil, 1415. 

Toilet soaps, 1789-92. 

Tokio-purple, 867. 

Tollkraut, 794. 

Toloinane (slarch), 1822. 

Toln balsam, 1623, 1625, 1684-5. 

extract, 1529. 

Toluldine, 659, 663. 

blue, 666. 

green, 669. 

Toluifera ^Isiimum (resin), 1684-5. 
Toluol, 648, 2U26. 

Toluylamine. 659. 

Tomarus biiubercnlatus (cane dis- 
ease), 1869. 

Tonga-beans, 1528. 

Toning photographic prints, 1540. 
Tonite, 897. 

Tonka-beans, 1528. 

Tonquin-beans, 1528. 

extract, 1529. 

Tools for boxing pines, 1689. 

hatters, 1121-5. 

used in salt-making, I7l7. 

Toon wood, 2031. 

Topaz, 1043. 

Tdpferwaare, 1556-1601. 

Torreya Myristica, 1812. 
t orul.i cerevi^he (ferment), 1830. 
Totara wood, 2022. 

Touchvirdia latifolia (fibre), 998. 
Toughened glass, 1079. 

Tougheoers (vamisb), 2027. 

Toiilema ('tarch), 1822. 

Touloula (starch), 1823. 

Toulonmaca (oil), 13^6. 

Toun-tildm (oil), 1425. 

Tous-les-mois (starch), 1822. 
Touie-epice, 1814. 

Tow, c^ing-engines for, 1251-2. 

preparation of, 1251. 

Towers, hydrochloric acid, 110-6. 
Town tallow, 1372. 

Trachyloblum mossambicense [Hor- 
nemanuianum] (resin), 1641. 

spp. (resin), 1623, 1666. 

vemicosum (resin), 1642. 

Tradescantia diacolor '(oxalic acid), 
161. 

Tra^cantb, 1621, 1685-6. 

Traganth, 1635-6. 

Train-oil, 1374-5. 
i'ranslucent pottery, 1594-7. 
Transparent soaps, 1792. 
Transportation of petroleum, 1443 
-5. 


Trapa spp. (nut), 1359. 

Trashing sugar-canes, 1867-8. 
Treacle. See also Molars. 

oxalic acid from, 163-4. 

Tree copal, 1641. 

mallow (fibre), 963. 

oil, 1411-2. 

Trees for shade and shelter (coffee), 
710-1, 714, 716, 719, 720. 
Trehalose, 1830. 
i ri-amido-dzo-benzol, 658. 

Tricliecus Rosniarus (ivory), 1175. 

(oil). 1374. i 

T— -r -’5 
' ‘ I ; 1520. 

i ■ ■■ "i- (oUX 

Trimming hats, 1117. 

silk hats, 1127. 

T-” • .17’.^ 


iiiuuta iixuuiis ^^iiure^, 9y8. J 

Triphenyl-mauvaniline, 666, 668. 

— -roso-toluidlne, 666. 
Triple-effect vacuum-pans, 1895-8. 

rose extract, 1529. 

Triptolemaea spp. (timber), 2020. 
Tniicum vul«are (starch), 1828-9. 
Tri-toluyl-rosaniiine, 666. 

Tntoma spp. (fibre), 998. 

Tropaolum majus (oil), 1433. 
Tropical African rubbers, 1655. 

True Bishop's weed, 791. 

storax, 1682. 

Trypograpb, 1609. 

Tshoochal (borax), 534. 

Tuberose extract, 1529. 

Tubes, glass, 1072. 
i’ubipora musica (coral), 1521. 
Tub-sizing paper, 1500-1. 

Tucum-oil, 1411. 

thread, 920. 

Tulip bouquet, 1531. 

Tuipin’s singeing-machine (bleach- 
ing), 474. 

Tumbeki (narcotic), 1350. 

Tumbler for washing hides, 1232. 
Tunfischul, 1373-4. 

Tung-oil, 1411-2. 

Tungstates sodium, 318. 

TuDg.^ten, detection of, 349. 
Tunny-oil, 1373-4. 

Turbinella Scolymus (pearl), *1517. 
Turbo spp. (pearl), 1517. 

Turkey galls, 19x53-4. 

gum, 1631. 

opium, 1309-11. 

tobacco, 1338-9. 

Turkeys for destroying insects (to- 
bacco), 1330, (si^ar-cane), 1869.- 

grease, ] 37 6. ' 

Turkey-red bleach, 494. 

Turkish silk, 1744. 

Turk’s cap (pearl), 1517. 

Turmeric, 868. 

Turned buttons, 559. 

Turners’ cempnt, 626. 

Turning pottery, 1576. 

Turpentine, 1624, 1686-92, 2025-6. 

- oils, 1431, 1688-91. 

- stills, 1690-1. 

Turps 2025-6. 

Turquois, 1043. 

Turtle-butter, 1376-7. 

Turtosa wood, 2018. 

Tusser silkworms, 1745-6. 
To-sock-grass, 999. 

Tutu (tannin), 1993. 

Twin rose extract, 1529. 

Twines. 1696. 

factories, 1697. ^ 

Twist tobacco, 1342-4. ) 

Twisting hats, 1109.' 

- -in cotton, 779, 

- rope and twine, 1699-1701. 
Tylophora asthmatica (drug), 814. 
Type mettl, 324. 

wnting machines, 1606-8. 

Typha eiephantina (fibre), 999. 


Uc 


_ CUHIJBA (oil), 1370 . 

Ule (resin), 165^1. 

Ulmus spp. (gunpowder), 884, ftim 
her), 2015. ' 
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Uli^l^s Botriet, 6€2. 

Uttnunarine, 15A8. 

Unbolted saU^ 1732-3. 

Unbreakatde glas^ 1079 . 

Uncaria spp. (tanning 1984-5. 
ClUnciysfeaLlizante sugar, determina- 
minatioii, 1944-6. 

in cane>jnice, 1871-2. 

Unhairiiig hides, 1220. 

Unio ►pp. (pearl), 1517. 

Union hidf<^plitter. 1233. 

Universal cement. 628. 

Usawortii's donbling^winding frame, 
1698-9. 

Upholstery hair, 1100. 
Ui^r-Leathers, drying, 1234. 

measoring, 1235-6. 

— oiling, 1234-5. 

stufSng, 1234 

Urceola elastics' (rubber), 1657-8, 
1664. , 

escnlenta (rubber), 1657. 

UreCa spp. (fibre), 999. 

C. Urginea spp. (drug), 825-6. 

Urostigma spp. (rubber), 1628, 1655, 
Q 1656. 

v<^elii (rubber), 1655-6. 

Ursus spp. (fur), 1030. 

Urtica spp. (fibre), 921-32, 999. 
Usebe’s green, 668. 

Ushak (resin), 1630. 

Usquebaugh, 227. 

UstUago sacchari on BUgar<cane. 
1870. 

Utilization of tank waste (soda), 
312-3. 


V ACCINTUM vitis-idsea (drug), 
794. 

Vachellia Famesiana (resin), 1694. 
Vacona for shade, 1815. 
Vacuum-chest for curing cane-sugar 
1901. 

pan (tartaric acid), 176-7. 

pans for sugar-solutions, 1856-7. 

1893-8. 

multiple effects, 1895-8. 

patents, 1936-7. 

— working, 1893-5, 

(sugar-refining), 

1926-7. 

Vahea spp. (rubber), 1627, 1654, 
1656. 

Valerian, 826, 

(rfl, 1431. 

Valeriana officinalis (drug), 826. 
Valonia, 1226, 1992-3. 

Valuation of soap, 1792-6. 
Valve-cutting (indiarubber), 1150. 
Vanilla, 227, 1528, 1814-6. 

extract, 1.529. 

spp. (spice), 1814-6. 

Varec, potash from, 263-5. 

Variolaria spp. (oxaUc acid), 161. 
Varnish, 2023-38. 

black oil-, and japans, 2035. 

— — boiled oils, 2029-31. 

clarifying oil, 2024. 

classificatioti, 2023, 2028. 

definition, 2023. 

driers, 2027-8. 

drying oils, 2023-4. 

essence-, 2035-6. 

essence- varnish resins, 2024. 

essential- oil, 2035-6. 

ether, 2037. 

French polish, 2037. 

gums, &tc., in water-var- 
nish^ and glides, 2025. 

r lead oils, 2030. 

manganese and lead oils, 2030-1. 

oils, 2030. 

mannfrctnre, 2028-38. 

materials, 2023-8. 

mixed-solvent, 2038. 

oiled silk, 2032. 

oU-vamishes, 2032-5. 

oil-varnish resins, 2024. 

oleo-r^DOu^ 2035-6. 

resins, 2024r-5. 

spirit, 2036-7. 

spirit lacquer^ 2037. 

spirit-varnish resins, 2024. 

Btoved japans and enamels, 

2031-2. I 
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Varnish, tonghenem, 2027. 

— ^ volatile solvents, 2025-7. 

— water-, 2038. 

Varnishes (indiarubber), 1158. 

1692. 

Varnishing indiarubber textures. 
115S. 

Varnish tree, 2044. 

Vaseline, 1447. 

Vastris g%As (oil), 1376. 

Vateria indica (o.l), 1408-9, (resin) 
1624. 

Vatica laccifera (resin), 1668, 1671. 

spp. (resin), 1624, 1644. 1678. 

Vatting and fining (beer), 41^^ 
Vegetable albumen, 192. 

bristles, 919. 

fibres, 909-1000. 

fixed oils and fats, extraction of. 

1451-5. 

oils and fats [fixed], 1377-1415. 

almond, 1377. 

American nutmeg. 

1377. 

argan, 1377-8. 

assai, 1378. 

l»ean, 1378. 

beech, 1378. 

ben, 1378-9. 

bicuhiha, 1379. 

bladder-nut, 1379. 

boma, 1379. 

butter-nut, 1379. 

cac lo, 1379. 

calabi 1379. 

carm<iru, 1379. 

cashew, 1379. 

castanha, 1379-80. 

castor, 1380-2. 

chaulmugra, 1382. 

chequito, 1382. 

cherry, 1382-3. 

chironji, 1383. 

" “■ — — cocculua indicus 
1383. 

coconut, 1383-4. 

eolz-i, 1384-5. 

coquito, 1385. 

cotton-seed, 1385-6. 

coumu, 1386. 

crab, 1386. 

croton, 1386-7. 

dika, 1387. 

dilo, 1387-8. 

dogwood, 1388. 

gamboge, 1388. 

gingelly, 1388-90. 

gold - of - pleasure. 

1390, 

grape-stone, 1390-1. 

ground-nut, 1391. 

hazel-nut, 1391. 

hempsevd. 1391. 

liickory-nut, 1391-2. 

horse-chestuut, 1392. 

illipi, 1392. 

jupati, 1392. 

kauari, 1392. 

katiow, 1392. 

keenatel, 1392. 

kjkuel, 1392. 

kukui, 1392-3. 

kurung, 1393. 

lallemantia, 1393. 

laurel, 1393, 

linseed, 1393-4. 

mabo, 1394. 

macassar, 1394. 

madia, 1394. 

mahwa, 1394. 

mamey, 1394-5. I 

mangosteen, 1395. 

margosa, 1395. 

melon, 1395. 

miscellaneoua, 1413- 

5. 

moodooga, 1395. 

mote^rease, 1395-6 

m’poga, 1396. 

mustard 1396. 

myrohalan, 1396. 

niger, 1396. 

nounga, 1396. 

nutmeg, 1396-7. 

ochoco, 1397. 

odal, 1397. 


Vegetable oils and fats ffixed], okro, 
1397. 

olive, 1397-1406. 

ouabe, 1406. 

owala, 1406. 

palm, 1406-8. 

palm-nut, 1408. 

phulwara, 1408. 

pine, 14o8. 

piuey, 1408-9. 

piquia, 1409. 

' pistachio, 1409. 

plum, 1409. 

poondy, 1409. 

poppy, 1409-10. 

pulza, 1410. 

safflower, 1410. 

shea, 1410. 

simbolee, 1410. 

suinga, 1411. 

soap-nut, 1411. 

sunflower, 1411. 

tea, 1411. 

tobacco, 1411. 

tucum, 1411. 

tung, 1411-2. 

vegetable ' tallow, 

1412-3. 

walnut, 1413. 

zachun, 1413. 

hair, 998. 

horsehair, 938, 1101. 

ivory, 1357. 

— ^oils [volatile and essential! 
1415-33. 

acorn, 1415. 

albahaca, 1416. 

allspice, 1416. 

almond, 1416. 

aloes, 1416. 

-T amber, 1416. 

angelica, 1416. 

angostura, 1416. 

-aniseed, 1416-7. 

anise (star), 1417. 

* asafcetida, 1417. 

avens, 1417. 

-balm, 1417. 

bayberry, 1417. 

benzoin, 1417. 

— bergamot, 1417. 

-birch, 1417-8. 

— cajuput, 1418. 

caraway, 1418-9. 

cardamom, 1419.. 

cascariUa. 1419. 

cedar, 1419. 

cedrat, 1419. 

celery, 1419. 

chamomile, 1419. 

cinnamon and cassia, 1419. 

citronella, 1419-20. 

clove, 1420. 

clove-bark, 1420. 

coffee, 1420. 

” — copaiba, 1420. 

coriander, 1420. 

cubebs. 1420 

dill, 1420. 

eider, 1420. 

elemi, 1420. 

eucalyptus, 1420-1. 

— fennel, 1421. 

fusel. 1421. 

— galangal, 1421. 

galbanum, 1421. 

gale, 1421. 

garlic. 1421. 

geranium, 1421. 

ginger, 1421. 

ganger-grass, 1422. 

bop, 1422. 

hyssop, 1422. 

ilang-ilang, 1422 

— iva, 1422. 

jasmine, i422. 

-jonquil, 1422. 

juniper, 1422. 

laurel, 1422-3. 

lavender, 1423. 

lemon. 1423. 

lemon-grass, 1426-4 

iliac, 1424. 

linden, 1424. 

mace, 142t. 

marjoram, 1424. 


Vegetable oils [volatile and es 
tial], maticQ, 1424. 

meadow-sweet, 1424. 

- mehudi, 1^. 

‘ itif, 1424 . 


mi^onetd., 

- milfoil, 1424. 

- miscellaneous, 1432-3. 

- mugwort, 1424. 

- mustard, 1424. 

- qiyrrb, 1424. 

- myrUe, 1424. 

- nasturtiirm, 1425. 

- neroli, 1425. 

- oiibanura, 1425. 

- orange, 1425. 

- orris, 1425. 

- parsley, 1425. ^ 

- patchouly, fl25. 

- pepptr, 1425. 
-peppermint, 1425-7. ^ 

- petit-grain, 1427. ^ 

- pine, 1427. 

- poplar, 1427. 

- pyrethmm, 1427. ^ 

- rose, 1427-30. 

- rosemary. 1430, 

rosewood, 1430. 
rue, 1430. ■ ^ 

saffron, 1430. 
sagapenum, 1430. 
sage, 1430. 
sandal-wood, 1430. 
sassafras, 1430-1. 
savin, 1431. 
spearmint. 1431. 
sweet-flag, 1431. 
ten^y, 1431. 
tarragon, 1431. 
tea, 1431. 
thyme. 1431. 

— ~ turpentine, 1431. 

valerian, 1431. 

winter-green, 1431-2. 

wormseed aiid wmmwood, 

silk, 921, 939, 998. 

— — sobstances, oxalic acid from, 

iDa 

tallow, 1412-3. 

Vegefables, preserving, loit-8. 
Veilchenwurzel, 1526-7 
velanedes, 1992-3. 

Veluring hats, 1119. 

Venetianischer terpentin, 1691-3. 
Venice turpentine, 1691-2 

Venuleth g potato-waaher, 1823-4. 
Vepns lanceolata (timber), 2016. 

Vera Cruz el^mi, 1649 ^ 

Veratrum officinale (drueV 793 
(drug), ai2. 

Verbena extract^ 1529 

oil, 1423. 

B.achet, 1532. 

Verdigris, 30, 1297. 

Verek (resin), 1631. 

Veridine, 6«l. 

Vermilion, 1550. • 

Vemis, 2023-38. 

Veraonia anthelmintica (oil). 14I5 • 
Vert-de-gris, yo-i ' 

Vestas, 1277, 1295L 
Vesuvians. 1277,1192. 

Viburnum cassinoid-s (tea). 2010 
Vicia spp. (oil), 1416. ^ 

Vichy water, 365. 

Vicuna, 1093. 

Vienna green, 1549. 

multicopyist, 1610. 

Vikuriia (spice). 1808. 

Vmaigre, 2038-42 
Vinasaes. potash from, 257-9 • 

Vinegar, 6. 2036-42. . 

- acetic acid froft, 25-6. 

* [brandyi acetic acid from, *3. 

- acetification, 2040 

- aro»natic,^3K 

bibliography, 2042. 
commerce, 2042. • 
fermentation^ 2039 
bnhig, 2039-40 
gen,erat<y^7. 

grain or^alt, 2038-41. 
other vin^ars, 2042. 

2«41-a. 

pcdhsh from, 255. 
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Vint^, 435. 

Violacine, 681. 

Violaniline, 66% ^ 

Violet de Paris, 668. 

extract. 1529. • 

isatchet, 1532. 

soap, 1792. 

Jirola sebilera (oil), 1377. 

' viaeoas fermentation (al<*hol), 196. 
I Vismia 8K>. (resin), 1624, 1650, 
* 1668. 
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Ai ■. !.r;, 

Coi0.^390-l- 
e*e: 


I I. . 

Vitivei^extra^ 1529. 

Viverra spp. ^r^), 1030, (perfume) 
1524. 

^fcaftai^ &c. (rubber), &c., 1654. 
f A^landero (fibre), 938. 

■^olatile oite, extraction of, 1456-9. 
v<^etable oils, 1415-33. 

^nic ammonia, 243. 

Voft^eria extract, 1529. 
^Volunteers’ bouquet, 1531. 
)^apa^pp. (resin), 1623, 1666. 
J i'aic, poti^ from, 263-5. 
yulcanized fibre, 618, 1162. 

^ttapercha, 1163. 

indianibber lute, 631. 

Vulcanizing indiambl^r, 1154. 

oils. 1482. - 

Vulpes-spp. (fur), 1031. 


W^ACHHOLDEKBRANJfT- 
WEIN, 222-3. 

Wacbs, 2042-6. 

Wagatea spicata (tannin), 1994. 
TVaggon-grease, 1797-8. 

Waboo, 826. 

Waifischspeckf 1374-5. 

Walkhoff’a mix^ method of ex- 
tracting beet-Juice, 1840-1. 
Wallace’s process (sulphuric anhy- 
dride), 98. 

WaUfloww extract, 1529. 

WaU’s press (candles), 587. 

Walnut (acetic acid), 14, (nut) 1360, 
(woods), 2022. 

— [-country], 1352. 

— — -busks (dye). 868. 

oil, 1413, 2024. 

Walrath (oil), 13T1-2. 

Walrossol, 1^4. 

Walras-fvory, 1175. 

-qil, 1374. 

-skins. 1759. 

W ’ • • , • 


1619. 

Warping cotton, 766, 769. 

jute, 1184. 

Warren’s “ bromo,” &c., caoutchouc 
wires, 1153. « 

thionoline,*l62. 

Washed collodion emulsion, 1538. 
Wariiing charcoal (beet-sugar), 1852 
—3. 

esparto, 148% 

indiarubber, 1143. 

powders, 1792. 

starch, 1824-5, 1829. 

sugar-beets, l«37. 

' 1538-9. 


Wa-te grease, recovery of, 605-6, 

1455-6. 

paper, 1486. 

piquets as source of acetic 

aci^ 26. 

* of china clay, 638-9. 

utilization o4 ta{|k (soda), 312 

-3. 

Water, 426. 

aerated, ^62. 

— and glycerine, table, 1801. 

— ^ [natural], cartonic acid in, 45. 

{seal chloride p^l^inm from, 

265-6. 

compositiem of, 1715. 

-chestnnt, 1359. - 

determination of, in su|ar, 194^ 

— - for soap-making, 1769. 


Water frame (cotton mmmfacture), 
760. 

glass, 316. 

guttere, lute for, 631. 

in woods, 8. 

marks in paper, 1494. 

- — solubility of salt in, 1711. 

varnishes, 2038. 

Waterhouse’s photo-engraving pro- 
cess, 1620. 

Waterlow’s copying portfolio, 1609. 
Waterproof cement, 628. 

fabrics, drying, 1148. 

testing, 1153-4. 

for bats, 1110. 

glue, 622. 

Waterproofing fabrics, 1148. * 
Waters (perfumes), 1532. 
Wattle-bark, l9>i6-7. 

gum, 1621, 1632-3. 

Watt’s process (chromic acid), 48. 
Wawla bast, 962. 

Wax 586, 2042-6. 

bees, 2042-4. 

— ^ carnanba, 2044. 

Chinese white, 2044. 

Cordillera, 2044. 

— ^ — fig-tree, 2044. 

ilwta, 2045 

Indian white, 2045. 

Japan, 2045. 

k'lga, 2045. 

myrtca, 2045-6. 

ocuba, 2046. 

ozokerit, 2046. 

palm, 2046. 

petha, 2046. 

Weaving cotton, 766, 780. 

hair cloth, 1101. 

jute, 1185. 

linen, 1254. 

shed (cotton manufac'ure),767. 

silk,. 1756. 

Wedgwood’s jasp-'r ware, 1598. 
Wegwart, 631-3. 

Weihraueb, 1676-7. 

Weinmannia racemosa (tannin), 
1994. 

Weinrich’s centrifugal, 1935. 
Weinsaure, 174-90. 

Weinstein, 279, 335. 

Weisses sandelholz, 1527-8. 
Weizenstkrke, 1828-9. 

Weld, 868. 

oil 1415. 

Weldon’s process (bleaching- 
powder), 462. 

still (bleaching-powder;, 466. 

Wellman card (cotton manufacture), 
746. 

Wermuthextract, 217-9. 

West African copal, 1642-4. 

elemi, 1649. 

frankincense, 1649-50. 

pepper, 1814. 

— mbbers, 1655-6, 

End bouquet, 1531, 

ludiao guanos, 1258. 

sugar-canes, 1861-2. 

Indies, tobacco in, 1340. 

Wetzel’s pan (cane-sugar), 

1892. 

Whalebone, 524. 

Whale-oils, 1361, 1369, 1374-5. 
Whawhako (tannin), 1993. 
Wheat-starch, 1828-9. 

Wheatstone's type-writers, 1607. 
Whisky, 228. 

White arsenic, 336. 

copaiba, 1639. 

damm ar, 1644, 1678. 

kernel oil, 1408. 

lead, 1551, 

oil, 1410. 

pepper, 1814. 

pigments, 1550-1. 

rose extract, 1529. 

salt, 1724-40. 

composition of, 1735. 

Sennar giun, 1631. 

whale oil, 1369. 

Whitewood-tree (oil), 1418. 

White’s polychrome print, 1604. 
Whiting, 1551. 

Wichse, 450-2. 

Wicken coprolltes, 1261. 


2014. 

Wieliczka salt-mine, 1723. 

Wild cardamom, 1804. 

nutmeg, 1812. 

rosemary (narcotic), 1308. 

Wilhelm’s QueUe water, 365. 
Wilkinson’s white, 1551. 

Willis’ aniline photo-engraving pro- 
cess, 1616-7. 

Willow (acetic acid), 14, (potash) 
25^ (charcoal), 882-4, (timber) 
2022. 

..... 
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Wilson’s disintegrator, 1227. 
Winding cotton, 766, 768, 777. 

— rope and twine, 1698-9. 

silk, 1749-50. 

Windows, glass mosaic for, 1084. 
Windrowing’ sugar-canes, 1868. 
Windward oil, 1407. 

W’ine, 432-^0. 

a’cohol i^m, 201. 

bottling, 447-8. 

classification, 440-1, 

deterioration, 447. 

fermentation, 435-7. 

fortification, 437-8. 

generalities, 432-5. 

glass making, 1070. 

imitation, 443-7. 

lees, carbonate potash from, 

259. 

tartaric acid from, 183. 

mattiration, 438-40. 

mixing, 441. 

preparation of must, 435. 

preservation, 441. 

production, 448-50. 

racking, 438. 

storage, 438-40. 

strengthening, 442-3. 

tartaric acid in, 174. 

testing, 441. 

vintage, 435. 

Winged cardamom, 1804. 
Wintergreen extract, 1529. 

oil, 1431-2. 

Wittedoom (resin), 1632. 

Woad, «68. 

Wodjendel (resin), 1676. 
WohlgerOche, 1523-32. 

Wolf fur, 1033. 

Wolfram, 318. 

Wolle, 2046-7. 

Wollmanufactur, 2047-2112. 
Wolverine fur, 1033. 

Wood-apple gum, 1621, 1692-3. 

Wood ashes, potash from, 255-7. 

boiling, 1493-4. 

cement, 626. 

cracks, lute for, 631. 

distillation, products of, 7-21. 

distilling works, 12. 

engraving on, 1610-3. 

for match-splints, 1277, 1279. 

marten fur, 1031. 

naphtha, 35. 

oil, 1411-2, 1640, 1651-2. 

pulp for acetic acid, 19. 

for paper, 1485. 

tars, 1683-4. 

treatment of, for paper-making, 

1493-4. 

Woodruff (perfume), 1523. 
Wood-shock fur, 1030. 

Wood-violet bouquet, 1530. 

Woodbury machine (brumes), 545. 

process, 152-3. 

type, 1617. 

Wooden vessels, lute for, 631. 

Woods, 2012-23. 

for acetic acid, 8. 

gunpowder charcoal, 882- 

4. 

products from, 14. 

water in, 8. 

Woody fibre, oxalic acid from, 168- 
Wool, 2046-7. 

and cotton, mixing, 2068-9. 

— — — silk waste, miring , 2068. 


Wool beaming, 2078-9. 

blending, 2067-71. 

burling, 2082. * 

burring, 2066-7. 

carbonized, 2058-9. 

carding. 2071-6. 

characters, 2051-2. 

cloth finishing, 2087-8. 

combing, 2088-90. 

commerce, 2046-7. 

condensing,* 2071-6. 

cropping, 2085-6. • 

designing, 2078. 

drawing, 2000-1. 

drawing-io and twisting, 2079. 

— —drying, 2063-5. 

fearnought, 2070-1. 

first raising nap, 2083-5. 

finishing processes, 2083-8. 

fulling, 2082-3. 

knotting, 2082. 

manufactured, 2057—9. • 

manufacturing, 2077-106. 

milling, 2082-3. 

oiling, 2069-70. 

opening, 2065-6. 

qualities, 2056-7. 

roving, 2091. 

scribbling, 2071-6. 

scouring, 509, 2061-3, 2082. 

shearing, 2085-6. 

sizing, 2078. 

sorting, 2060-1. 

spinning, 2076-7, 2091-4. 

stapling, 2060-1. 

steam-boiling, 2086. 

structure, 2049-52. 

twining, 2077-8. 

twisting, 2077-8. 

varieties, 2053-6. 

warping, 2078. 

washing, 509, 2061-3. 

weaving, 2079-81, 2094-6. 

Woollen-bleaching, 508-15. 

all wool, 513-4. 

cloth scouring, 512. 

solphnring, 613. 

mnslin-de-laine, 613-4. 

wool scouring, 609-10. 

washing, 609. 

yam scouring 611. 

sulphuring, 511-2. 

manufactures, 2047-112. 

bibliography, 21li 

j carpet, 2095-2106. 

commerce, 2111-2. 

finishing processes, 2083-8. 

generahties, 2047-9. 

■ history, 2047-8. 

processes, of maonfacture, 

2059-2106. 

• products, 2106-9. 

statistics, 2109-11. 

worsted, 2088-95. 

yam scouring-machine, 5U. 

Woorari, 810. 

Worce^ter carpet, IIOI. 

ware, 1596-7-9. 

Working results (sulphuric acid) 
78, 90. ' 

Wonnseed, 826, (oil) 1432. 
Wormwood-oil, 1432. 

potash from 255. 

Worrall's singeing-machine (bleach- 
ing), 473. 

Worsted, 2088-95. 

Wourali, sio. 

Woven silk, scourmg and bleaching, 
520. 

Wrightia ^tidysenterica (oil), 1415. 

spp. (resin), 1694. » 

tinctoria (dye), 858. - 

Writere, manifold, 1608-10. 
Writing-inks, 1165-7. 

Writing machine, 1606-8. 

Wu-pei-tze (gall8\ 1984. 
Wfirfelsalpeter, 315-6. 

Wurmsamen, 826-7. 

Wurze, 1802-17. 

Wych-houses, 1734. 

XaNTHIOID caidamnni, 1804. 
Xanthorrhoea qnadraugulari^ 1626. 

- — resin, i624, 1693. 

spp, (resin), 1624, 1693, 2025. 
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Xuithorrhoea, yellow, 1626. 
XaathOTxbiza apiifolia (dye), 856. 
Xantboxylom ClavaHeicoiis (dye), 
855—6. 

* Xerofces spp. (fibre), 999. 

Ximenea spp. (oil), 1415. 

XyUdine, 660. 

red, 664. 

Xylocarpos Carapa (oil), 1386. 
Xylol, 648, 2026. , 

f ylonite, 610. 

ylopia spp. (fibre), 999. 
Xylotrecbus quadrapes (coffee), 699. 


Yacht Oub bouquet, 1531. 
Yak-hair, 1099. 

Yam bleaching (cotton), 506-8. 

snlphuring, 511. 

Yams, 1696, 1762-3. 


Yashqui (fibre), 916. 

Yeast-plant, 6. 

Yegaar (resin), 1676-7. 

Yellow alizarine, 684. 

coralline, 680. 

crystals, concentration, 1894-5. 

defecation for, 1888-9. 

lakes, 1551-2. 

pastilles, 1530. 

pigments, 1551-2. 

soaps, 1780-1. 

spirit (mordant), 1302. 

water-iris (fibre), 962. 

wood, 2022. ^ 

Tercam (fibre), 933. 

Yew tree, 2022. 

Young Copal, 1643. 

Youngs splint cutting and 61Ung 
machines (matches), 1286-8. 
Yucca Bpp. (fibre), 999. 


Ynngan-oil, 1365. 
Yusan (oil), 1377. 


ZaCHUN oil, U13. 

Zah (resin), 1630. 

Zamia spp. (starch). 1823. 

Zanzibir copal, 1641-2. 

Zea MiySfc(oU) 1415, (starch) 1823, 
(sugar) 1908-14. 

Zeitb»5en, 808. 

Zeugdruckerei, 827-54. 

Zibeth (perfume), 1524. 

Zieger-kraut (^^erfiime), 1528. 

Zteria Smithii (oil), 1433. 

Zimmt, 1805-7. 

Zinaline, 670. 

Zinc acetate, 39. - 

amalgam, 334. 

assay, 357. 


Zinc detection, 349. 

lute, 631. 

mortets, 13|6. 

— white, 1551. 

ZioccKnrap^, 1606. ^ 

Zingiber officinale (oil), 1421, (spice » 
1809-10 

Zitwersamen, 826-7. ^ 

Zizania a^u<tica (fibre), 999. 
Zizyphus flexuosa (resin), 1694. 

j juba (re^in). 1624. 

spp.^resin), 1668. 0 

Zuccato’s papyrograph, 1608-9. 
Zucker, 1830-1977. 

Zuckersand, 1903-4. ^ 


ZucktTsiederei, 19^-35. 
Zttndbolzclien, 1277-93. 


Zttndbolzclien, 1277-93. 

Zweifach cbromsaurrs kali, 266-7, 

kohlensanrea fcili, 260-lf> ^ 

schwefeLjaures kali, 279. T 
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